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Abstract

Background

High myopia is a sight-threatening disease that causes axial length elongation and severe

complications. Data on the benefits of posterior scleral reinforcement surgery in myopia con-

trol have been conflicting. The purpose of this study was to explore the treatment effect and

complications of posterior scleral reinforcement in the treatment of myopia.

Methods

Articles were retrieved for relevant studies from inception to July 24, 2019, by PubMed,

EMBASE, and Ovid. Analyses were conducted to compare the treatment effects of control-

ling spherical equivalent refraction and axial length elongation. The weighted mean differ-

ence and Hedges’ adjusted g were used to evaluate the treatment effects, with a random-

effects model. Heterogeneity was quantified using I2 statistic and explored by subgroup

analysis. Publication bias was addressed by funnel plots and Egger’s test.

Results

A total of 11 articles were included in this meta-analysis. On estimating the treatment effect,

the mean differences of myopia progression and axial length changes between surgery and

control groups were 0.41 diopters per year (95% CI 0.21 to 0.61; P < .001) and −0.17 mm

per year (95% CI −0.22 to −0.11; P < .001). Subgroup analysis showed significant treatment

effects of the single wide strip operation. Single-arm meta-analysis showed less annual

axial elongation in children subgroup. These results were robust by sensitivity analysis. The

incidence of some major complications in the operation group were significantly greater

(5.8% vs 2.7% for myopic degeneration; 2.3% vs 1.6% for macular hemorrhage; 0.8% vs 0

for retinal detachment).
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Conclusion

Posterior scleral reinforcement may be an effective surgery on controlling myopia progres-

sion by slowing both refraction and axial length change. However, frequent surgical compli-

cations should be considered. Further well-designed studies are needed to determine the

long-term safety and efficacy.

Introduction

Pathologic myopia is one of the major causes of blindness worldwide. It is an important and

sight-threatening disease that causes scleral thinning, axial elongation, localized posterior

scleral ectasia, [1] and eventually many severe complications such as retinal detachment, myo-

pic choroidal neovascularization, macular schisis, and macular hole, and macular degenera-

tion. [2] For controlling myopia progression, posterior scleral reinforcement (PSR) surgery

was first described by Shevelev in 1930, and was modified as the Snyder-Thompson method in

1972, which is the most common performed operation currently. A graft was held over the

macular area by the insertion of the inferior oblique muscle without suturing at the posterior

pole, and the two ends of the graft were sutured to the superior and inferior nasal quadrants.

In 1961, Curtin described the X-type operation using a cruciate-shaped fascia lata graft extend-

ing from the four quadrants of eyeball. The cruciate graft was designed to support a greater

area over posterior pole without interposing any muscle or tendon. However, the treatment

effect of X-type operation was doubted due to unfavorable long-term outcomes [3] and there

were severe complications of cilioretinal artery occlusion, [4] optic nerve pressing and subse-

quent optic nerve atrophy [5] reported. There were some modifications of the single wide strip

PSR. A wider graft was used to support the posterior pole, with the central part as 10 to 12 mm

width. [6] To support the posterior pole staphyloma, an additional 8x8 mm2 scleral belt was

placed between the graft and the eyeball to support the macular area. [2, 7] To form a U-

shaped scleral buckle, a spindle-shaped graft was fixed on the two ends at the superior tempo-

ral and inferior nasal quadrants. [8, 9] Schematic figures of the different operation methods

were shown in Fig 1. Several types of materials have been used as the scleral buckle, including

autologous or homologous fascia lata, human sclera, dura, and bovine pericardium. To date,

the therapeutic benefits of PSR remain controversial due to a lack of controlled studies investi-

gating the effectiveness. To the best of our knowledge, no systematic review study confirmed

or quantitatively defined the treatment effect of PSR operation. Thus, the present study pri-

marily aimed to systematically synthesize all available studies and quantify the efficacy in con-

trolling axial elongation and refraction progression using meta-analysis.

Materials and methods

Search strategy

This meta-analysis was conducted in accordance with PRISMA guidelines (S1 Table). [10] We

performed a broad and comprehensive literature search from Pubmed, EMBase, and Ovid for

studies published from the date of inception to July 24, 2019. We searched for the references of

included studies. The search terms we used was in the supporting information, including

‘myopia’, ‘scleral buckle’, ‘posterior sclera� reinforce�’, ‘scleroplasty’, ‘Snyder Thompson’, and

‘buckle reinforce�’. The full search strategy was shown in S2 Table. Only studies in English

were included.
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Study inclusion

Two reviewers (C.A.C. and P.C.W.) independently read titles and abstracts to identify possible

eligible articles, and then assessed the full text for inclusion. Studies were included according

to the inclusion criteria: (1) comparison study including randomized clinical trials (RCT),

cohorts, or non-RCT design studies, (2) the participants had myopia without retinoschisis,

macular hole, or retinal detachment, (3) studies that estimate the effect of PSR operation on

controlling myopia progression, (4) the studies reported outcomes of spherical equivalent

refraction (SER) or axial length (AXL). The exclusion criteria were: (1) repeats, (2) the articles

failed to report relevant data to calculate the values, (3) non-human studies, (4) review, letters,

or comments.

Data collection

Both reviewers independently extracted data from the included articles for the author, publica-

tion year, study design, country, patient ages, sample size, intervention and control methods,

follow-up duration, outcomes (change in SER and AXL) and corresponding 95% confidence

interval (CI) and/or standard deviation (SD), and number of adverse effects. For postoperative

complications analysis, studies with defined specific complication items were included. The

complications were grouped into 2 categories, as minor and major sight-threatening complica-

tions, including conjunctiva congestion, extraocular movement (EOM) limitation, intraocular

Fig 1. Schematics of the posterior scleral buckle on the right eye from posterior view.

https://doi.org/10.1371/journal.pone.0233564.g001
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pressure (IOP) elevation, choroidal effusion, diplopia, anterior uveitis, myopic degeneration,

macular hemorrhage, macular hole, and retinal detachment. Incidence of each specific compli-

cation was calculated as the number of eyes with the particular complication over the total

number of eyes within the selected studies. We imputed missing data by estimating the covari-

ance (Cov) and correlation coefficient (r) reported by other studies in this meta-analysis,

according to the Cochrane Handbook for Systematic Reviews of Interventions. Sensitivity

analysis was performed by imputing with an individual r from lower to upper limit each time.

Quality assessment

For the included studies, the methodological quality was appraised using the Newcastle Ottawa

Scale (NOS) for cohort studies. The Cochrane Risk of Bias Tool was applied for RCTs. Dis-

agreements over quality assessment were resolved by discussion, or adjudicated by a third

author (P.Y.L.). In addition, we applied funnel plots and Egger’s test to assess publication bias.

Statistical analysis

Statistical analyses for two-arm and single-arm meta-analyses were performed using Review

Manager version 5.3 (Cochrane Collaboration) and Comprehesive Meta-Analysis Software

version 3.0 (Englewood, NJ, USA) respectively. In two-arm meta-analysis comparing PSR and

control groups, for outcomes in all included studies, myopia progression and axial elongation,

defined as change-from-baseline SER and AXL, the weighted mean difference (MD) between

cases and controls, corresponding 95% CIs and standard errors were calculated and presented

in forest plots. In single-arm meta-analysis, outcomes of the change-from-baseline SER and

AXL were obtained from PSR group, and the corresponding 95% CI were calculated. The

effect size (ES) was calculated using the Hedges’ g to estimate the treatment effect for each out-

come. Heterogeneity was assessed using I2. According to the Cochrane handbook, the hetero-

geneity was further stratified as follows: 0% to 40% represented heterogeneity as might not be

important; 30% to 60% indicated moderate; 50% to 90% represented substantial; and 75% to

100% represented considerable heterogeneity between studies. Sensitivity analysis was per-

formed by disregarding an individual study each time. Subgroup analysis was performed

according to different operation methods and age groups to evaluate whether the observed

effect size was different across subgroups. The test for subgroup difference in two-arm meta-

analysis and the test for total between-groups heterogeneity in single-arm meta-analysis were

performed to examine differences among subgroups.

We evaluated the pooled data for meta-analysis with a random-effects model. Statistical sig-

nificance was set at a two-sided P< .05.

Results

Literature characteristics

In this meta-analysis, a total of 358 relevant articles were generated by our search strategy.

After removing duplicates, 166 of these articles were retrieved for detailed reviewing of the

title and abstract. One hundred eighty-two articles were excluded due to not meeting the inclu-

sion criteria and one article [11] was excluded for not reporting relevant data. Overall, the full

text of 9 articles were reviewed to assess eligibility. Two articles were included via self reference

check. Finally, our data processing of inclusion and exclusion identified 11 articles in this

meta-analysis, including 1 RCT [12] and 10 cohort studies. [1–3, 6, 8, 9, 13–16] The operation

methods were single wide strip (n = 9) and X-type PSR (n = 2). Among these studies, 6 studies

were self-control studies using the fellow eye as controls, and 5 studies compared PSR versus a
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control group without PSR treatment. The quality for the cohort studies and the risk of bias

for the RCT is shown in S3 and S4 Tables. The data quality of the cohort studies was generally

high, with an average score of NOS as 8 (range 7–9). Fig 2 displays the steps of the study inclu-

sion and exclusion process. Table 1 lists the study characteristics.

Refraction progression

One RCT and 9 cohort studies reported data on refraction progression. We pooled RCT and

cohort studies. Refraction data from Zhu et al. [9] was excluded due to a significant bias

detected by the sensitivity test. The two-arm meta-analysis showed significantly less refraction

progression in PSR group (MD = 0.41 diopter per year, 95% CI 0.21 to 0.61; P< .001) (Fig 3).

The pooling Hedges’ g ES was 1.00 (95% CI 0.40 to 1.60; P = .001), indicating a large treatment

effect. By subgroup analysis, single wide strip was effective on controlling refraction progres-

sion but X-type operation was not. A significantly high heterogeneity was noted in the refrac-

tion progression when pooling the RCT and cohort studies (P< .001, I2 = 86%). The

heterogeneity was identified to be associated with different operation methods and age by

applying subgroup analysis. Within subgroups, the heterogeneity on refraction progression

were significant among single wide strip operation (P = .01, I2 = 63%), X-type operation (P<
.001, I2 = 93%), children (P = .04, I2 = 58%) and adult (P = .03, I2 = 79%) subgroups. Test for

subgroup difference showed no significant difference in both operation method (P = .78) and

age subgroup analysis (P = .20). In single-arm meta-analysis, the annual SER progression rate

in children and adult group showed no significant difference (–0.29 mm/yr, 95% CI –0.43 to –

0.15 vs –0.15 mm/yr, 95% CI –0.21 to –0.10; test for subgroup difference, P = .09) (Fig 4). The

test for subgroup difference showed no significant difference among different age subgroups

(P = .09).

Axial elongation

There were 9 studies that reported change-from-baseline AXL between PSR and control

groups. Due to a limited number of studies, the RCT and cohort studies were pooled. There

was no bias detected by sensitivity test. The two-arm meta-analysis showed that the MD in

axial elongation between the PSR and control groups was −0.17 mm per year (95% CI −0.22 to

Fig 2. Flow chart of the literature search and study selection.

https://doi.org/10.1371/journal.pone.0233564.g002
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−0.11; P< .001) (Fig 5). The pooling Hedges’ g ES was −1.65 (95% CI −2.45 to −0.85; P<
.001). A significant heterogeneity was noted in axial elongation (P< .001, I2 = 87%) when

pooling the RCT and cohort studies. By operation method subgroup analysis, the single strip

operation was effective on controlling axial elongation, but X-type operation was not (test for

subgroup difference, P< .001). By age subgroup analysis, children and adult subgroups

showed no significant difference in treatment effect (P = 0.95). In single-arm meta-analysis,

the annual AXL elongation rate in children group was significantly faster than adult group

Fig 4. Forest plots of the annual refraction change in the therapeutic group in two different age groups. D,

diopter; weighted from random effect model.

https://doi.org/10.1371/journal.pone.0233564.g004

Fig 3. Forest plots of the mean difference in refraction change between therapeutic and control groups with

different operation methods, below and above age 18, and the overall treatment effect of PSR operation on

refraction. D, diopter; weighted from random effect model.

https://doi.org/10.1371/journal.pone.0233564.g003
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(0.19 mm/yr, 95% CI 0.11 to 0.27 vs 0.07 mm/yr, 95% CI 0.06 to 0.08; test for subgroup differ-

ence, P = .002) (Fig 6).

Publication bias

Significant publication bias did not present in the funnel plots for refraction progression or for

axial elongation.

Sensitivity analysis

Sensitivity analysis was performed for the treatment effect and heterogeneity. No significant

change of treatment effect on refraction progression and axial elongation was observed when

omitting an individual study. A cumulative meta-analysis showed similarly robust results. The

Fig 6. Forest plots of the annual axial elongation in the therapeutic group in two different age groups. D, diopter;

weighted from random effect model.

https://doi.org/10.1371/journal.pone.0233564.g006

Fig 5. Forest plots of the mean difference in axial elongation between therapeutic and control groups with

different operation methods, below and above age 18, and the overall treatment effect of PSR operation on axial

length. Weighted from random effect model.

https://doi.org/10.1371/journal.pone.0233564.g005
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sensitivity analysis applied for imputing missing data for Li et al. [2] and Shen et al. [12] was

stable and reliable, showing no significant difference between calculated ES.

Adverse effects

Due to limited studies, all RCT and cohort studies were pooled to estimate the incidence of

adverse effects. We investigated and quantified the short term and long term sight-threatening

adverse effects of PSR. The incidence of surgical complications was reported in Table 2. The

most common minor complication was conjunctival congestion (99%), followed by EOM lim-

itation (51%), and temporary IOP elevation (21%). One of 151 eyes (0.6%) needed surgical

relief for EOM limitation. During the follow up period, some major sight-threatening compli-

cations were reported in both PSR and control group, included progression of myopic degen-

eration (5.8% vs 2.7%), macular hemorrhage (2.3% vs 1.6%), macular hole (0 vs 0.8%), and

retinal detachment (0.8% vs 0). The incidence of complication was significantly higher in the

PSR operation group.

Discussion

Our meta-analysis confirmed the PSR operation as an effective treatment for controlling myo-

pia and quantified the treatment effect on refraction progression and axial elongation. Addi-

tionally, we investigated and quantified the short term and long term sight-threatening

adverse effects of PSR. An early case report described cilioretinal artery occlusion was noted 3

years after receiving PSR. [4] However, there was no cilioretinal artery occlusion noted in our

review.

Thompson et al. reported an increasing incidence of post-operative posterior staphyloma

and severe macular deterioration when PSR operations were performed on eyes with low-

Table 2. The adverse effects for PSR group vs control group.

Complications No. of studies Incidence (PSR group vs control)

Minor

Conjunctiva congestion and edema 4 160 of 161 (99%) vs 0

EOM limitation 3 77 of 151 (51%) vs 0

Temporary IOP elevation 6 49 of 233 (21%) vs 0

Shallow choroidal effusion 1 11 of 59 (19%) vs 0

Slight diplopia for 1 month 1 2 of 38 (5%) vs 0

Anterior uveitis 1 1 of 40 (2.5%) vs 0

IOP elevation in 3-year follow-up 6 0 vs 0

Major sight-threatening

Myopic degeneration 4 10 of 172 (5.8%) vs 4 of 147 (2.7%)

Fuchs spot 1 0 vs 2 of 30 (6.7%)

CNV emergence 1 0 vs 1 of 30 (3.3%)

Focal chorioretinal atrophy 2 2 of 75 (2.7%) vs 0

Lacquer crack formation 3 3 of 113 (2.7%) vs 1 of 88 (1.1%)

Progression of posterior staphyloma ectasis 2 5 of 75 (6.7%) vs 0

Macular hemorrhage 3 3 of 132 (2.3%) vs 2 of 124 (1.6%)

Macular hole 3 0 vs 1 of 124 (0.8%)

Retinal detachment 10 3 of 355 (0.8%) vs 0

Abbreviation: PSR, posterior scleral reinforcement; EOM, extraocular movement; IOP, intraocular pressure; CNV,

choroidal neovascularization

https://doi.org/10.1371/journal.pone.0233564.t002
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degree myopia. [17] However, in our review, post-operative myopic degeneration was

reported in only one study, and those eyes were highly myopic with more than −11.0 diopter

before operation. [3] A recent study revealed PSR may maintain the microcirculation of eyes

with posterior staphyloma and thereby stabilize the best-corrected visual acuity. [18] The rela-

tionship between PSR operation and staphyloma formation remained unclear. Possible mech-

anisms included the slippage of posterior buckle, and the macula or posterior staphyloma area

not covered by the strip, resulting in the further progression of posterior staphyloma from

edge of the strip.

The heterogeneity was significantly high when pooling all studies. To investigate the hetero-

geneity, we subgrouped the studies by operation methods, the mean age, different material of

scleral buckle, and ethnicities. The operation subtype was identified as the most important fac-

tor affecting the treatment outcome. There were two possible reasons. First, in sensitivity anal-

ysis, a significant decrease of heterogeneity among studies was detected when removing

Curtin et al. [3] in both refraction progression and axial length elongation and when removing

Li et al. [2] in the single wide strip subgroup of axial length elongation. The different operation

methods might be the source of heterogeneity since Curtin et al. performed X-type operation,

using the cruciate shape periscleral fascia graft, which was thought to support a greater area at

posterior pole, [13] whereas Li et al. combined a 12–14 mm single strip buckle and an addi-

tional 8�8 mm2 sclera belt, which was placed for posterior pole staphyloma in macula. [2] We

removed the refraction data of Zhu et al. [9] due to significant heterogeneity detected, which

was strongly associated with the operation combining PSR and phakic intraocular lens (PIOL)

implantation, causing an extraordinary effect on refraction reduction.

Second, in subgroup analysis, we found that the treatment effect on AXL control of single

wide strip operation was better than X-type, with significant subgroup difference (P< .001).

The X-type operation using a narrow strip, was able to reinforce only macular type posterior

staphylomas over a small supporting area of sclera. [3] In contrast, the single wide strip opera-

tion not only supported a wider area, but also extended from the superior-nasal to inferior-

nasal quadrant, and the inferior staphyloma was thereby reinforced.

In addition, we subgrouped the studies into children and adult groups to investigate the dif-

ference of annual axial length increase. We found that there was no significant difference

between children and adult groups on the treatment effect of slowing axial elongation. How-

ever, single-arm meta-analysis showed in PSR operation group, the annual AXL elongation

rate was at least 2.7 times faster in children versus adults (0.19 mm/yr, 95% CI 0.11 to 0.27 vs

0.07 mm/yr, 95% CI 0.06 to 0.08, P = .002). A previous study provided the axial elongation

curve in myopic children and defined axial stabilization as the annual increases in AXL

remained less than 0.06 mm. [19] Our analysis showed that in the children group, PSR opera-

tion stabilized axial elongation in only one study by Zhu et al. In contrast, in the adult group,

axial length was marginally stabilized (0.07 mm/yr, 95% CI 0.06 to 0.08) by the PSR operation,

but the stabilization was not seen in control group. A previous study reported that 11% of

myopic children cannot reach axial stabilization even in their adulthood. [19] In our analysis,

the non-stabilized adult patients appeared to benefit more from PSR operations than children.

Tideman et al. reported among children between 6 to 9 years of age, the annual AXL elon-

gation for myopic children was 0.34 mm/yr and 0.19 mm/yr for emmetropic children. [20] In

our children subgroup, the annual AXL elongation was normalized to 0.19 mm/yr, which was

equal to previous reported elongation rate of emmetropic eyes. Preschool-age children had a

lesser treatment effect than school-age children after PSR operation. Possible explanations for

this observation are that AXL progression is fastest between the ages of 6 and 8 years, [21, 22]

and the baseline AXL of pre-school children is much less. Significant heterogeneity within the

children subgroup was identified, which could be explained as the rate of eye growth differs
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with age. Although the PSR operation slows axial elongation, more studies are needed to con-

firm the treatment effect of PSR operation on children at different ages.

Due to lack of long-term follow up studies for PSR operation, we still cannot give a clear

answer that whether the advantages outweighs the disadvantages. In terms of observation

group, a 53-year long-term follow-up study showed that in non-selected high myopia cohort,

the presence of aging or myopia complicated visual field defect was not correlated to the

degree of myopia or extreme AXL. [23] From this we infer that the PSR surgery slows myopia

progression anatomically, but functionally, it does not necessarily preserve the visual field,

decrease the incidence of myopia complications, or increase the quality of life.

There were some limitations in our study. First, the number of studies included in this

meta-analysis was limited. The Eager’s test had limited power to estimate publication bias. Sec-

ond, some studies failed to report sufficient SD data for calculation, thus we imputed missing

data by estimating the covariance (Cov) and correlation coefficient (r) reported by other stud-

ies in this meta-analysis. Despite the limitation, sensitivity analysis for the imputed data

showed a robust result. Third, more clinical trials are needed as there was only one RCT was

included in our meta-analysis. Fourth, the age and stages of children and corresponding differ-

ent axial elongation rate may have important influences on the treatment effect. In the children

subgroup, we did not stratify the data by age groups due to the children’s ages were not strati-

fied in the included studies. Fifth, considering the significant clinical and methodological het-

erogeneity among included studies, and the limited number of studies reporting various

different complications, it was difficult to assess the complication rate.

In conclusion, this meta-analysis study showed PSR as an effective operation on controlling

myopia progression and axial elongation. However, several complications were connected to

the operation. Further studies aiming to report the outcomes according to different operation

methods and the children’s age groups are needed. Recommendation cannot be made until

more randomized prospective cohort study assessing long-term safety and efficacy is available.
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