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Abstract
Aim: To compare the outcomes of different surgical approaches in cases of pediatric rhegmatogenous retinal 
detachment.

Method: A systematic review and meta‐analysis were performed, and an electronic search identified all stud-
ies comparing the surgical outcomes of the different surgical approaches in cases of pediatric rhegmatoge-
nous retinal detachment. The outcome was anatomical success from single surgery.

Results: Our systematic review and meta-analysis included 8 studies with 909 operated pediatric rhegmat-
ogenous retinal detachment eyes with one of three procedures, pars plana vitrectomy (PPV), combined pars 
plana vitrectomy and scleral buckle (PPV & SB) and scleral buckle alone (SB). The pooled single surgery 
anatomical success rates of PPV, combined PPV & SB and SB are 63%, 66% and 81% respectively.

When considering studies that directly compared two interventions, five studies directly compared PPV with 
combined PPV & SB with no statistically significant difference between the two interventions with a slight 
advantage to combined PPV & SB. Three studies directly compared SB with PPV, and the results showed that 
scleral buckle has higher odds of achieving anatomical success from a single surgery. While two studies di-
rectly compared SB with combined PPV & SB and showed no significant difference in achieving anatomical 
success.

Conclusion: Scleral buckle is considered the most successful of the three procedures in achieving single 
surgery anatomical success. Combined PPV and SB can be considered in more advanced cases of rhegmatog-
enous retinal detachment with lower success rate. PPV is the least successful of the three interventions. Fur-
ther details are required within the literature to establish an evidence-based algorithm in cases of pediatric 
rhegmatogenous retinal detachments to increase future success rates.
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Introduction
Pediatric retinal detachment is a rare condition in 
which management can be very challenging for vit-
reo-retinal surgeons. The annual incidence is 0.38-
0.69 per 100,000 [1]. Etiologies of pediatric retinal 
detachment include trauma, high myopia, vascular 
causes such as ROP, FEVR, Norrie syndrome, con-
genital/developmental ocular disorders such as colo-
boma and optic pit, ocular tumours, uveitis, prior 
ocular surgery, systemic conditions such as Stickler 
syndrome, Marfan syndrome and atopic dermatitis 
[2,3]. Presenting symptoms and signs include de-
creased vision, strabismus, and leukocoria [4]. Pedi-
atric retinal detachment has been associated with 
poor prognosis due to late presentation, presence of 
proliferative vitreoretinopathy, macula-off status, 
and amblyopia [4-6]. 

Surgical options include anterior (trans-limbal) or 
posterior (trans-pars plicata/pars plana) vitrectomy, 
scleral buckle, combined vitrectomy and scleral 
buckle, endoscopic vitrectomy and pneumatic retin-
opexy [7-9]. Unique considerations are taken for 
pediatric patients undergoing vitreoretinal surgery 
such as surgical landmarks which differ from adult 
eyes and thus sclerotomy distance from the limbus 
should be adjusted according to age [7,10].

Due to the scarcity of data on surgical outcomes of 
pediatric rhegmatogenous retinal detachment cases, 
there are no clear guidelines or algorithms in choos-
ing the type of surgery. In the fast-evolving realm 
of ophthalmological interventions, periodic reviews 
are imperative to gauge the efficacy and outcomes of 
various surgical techniques. This systematic review 
and meta-analysis aim to compare the outcomes of 
different surgical approaches to provide evidence on 
the efficacy, advantages, and outcomes.

Eligibility Criteria
Studies were considered eligible for inclusion based 
on patients aged 18 years and younger who were di-
agnosed with a rhegmatogenous retinal detachment 
and had surgical intervention as well as documented 
post-operative outcomes published over the past 10 
years.

Study Selection
The Cochrane Library, PubMed, EMBASE, and Clin-
ical Key were the databases searched. Study selection 
followed a two-stage process. Initially, titles and ab-
stracts were screened independently by two review-
ers (AAS, FS) to identify potentially relevant studies. 
Full-text articles were then assessed for eligibility 
against the predetermined criteria. 

Data Collection
Data extraction was conducted independently by two 
reviewers using a piloted data extraction form. The 
form was tested on a small number of included stud-
ies and refined accordingly. In our systematic review 
and meta-analysis, we managed to include 8 studies 
that were either a case series describing the outcome 
of one surgical intervention or retrospectively com-
paring two or more surgical interventions. The three 
main surgeries performed were pars plana vitrectomy, 
scleral buckle, or combined pars plana vitrectomy and 
scleral buckle. All studies involved cases of rhegmat-
ogenous retinal detachments only.

Methods
Outcomes
A meta-analysis of proportions was performed to 
explore the outcomes of three surgical techniques to 
correct pediatric rhegmatogenous retinal detachment. 
Outcomes included the anatomic success from a single 
surgery in the three groups. In addition, a meta-analy-
sis of odds ratio (OR) was performed for studies that
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directly compared the three techniques.

Data Synthesis 
A meta-analysis of proportions using the random-ef-
fects model was used to pool the estimates (%) of an-
atomical success. Without appropriate data transfor-
mation, the accompanying meta-analyses experience 
threats to statistical conclusion validity, such as the 
confidence limits falling outside of the established 
zero-to-one range and variance instability. General-
ized linear mixed models (GLMM) using the logit 
link was used. At the study level, GLMMs do not re-
quire any data transformations; instead, they directly 
model event counts with binomial likelihoods and 
employ a special link function to transfer latent true 
proportions to a linear scale.

For comparing anatomical success and change in 
visual acuity between groups, the odds ratio (OR) 
was calculated for each study and a meta-analysis 
of OR was performed. The unadjusted OR were cal-
culated using the provided counts and total numbers 
within each group. We selected the odds ratio as the 
preferred measure of effect size for categorical vari-
ables because it remains unaffected by variations in 
the baseline probability of the control group, which 
can differ among studies.

Meta-Analysis
Statistical analysis was performed using R software 
version 3.6.3 (R Foundation for Statistical Comput-
ing, Vienna, Austria). The random-effects model (us-
ing the maximum likelihood estimator for tau) was 
used to pool the effect sizes from the included stud-
ies. The underlying hypothesis for adopting the ran-
dom-effects model is that heterogeneity or observed 
variance of effect is a sum of sampling error and var-
iation in true-effect sizes stemming from inter-pop-
ulation variability. The generic inverse variance 
method was used to weigh each trial’s per-protocol 
population. Forest plots were used to visualize the 
results. P values < 0.05 were considered statistically 
significant.

Prediction Interval
The prediction interval was used to assess the treat-
ment effect that may be predicted in future analy-
ses, considering the different settings across different 
studies. It captures the variability in the true treatment

effect across different settings. With substantial het-
erogeneity, prediction intervals will be broader than 
confidence intervals and might be considered a more 
conservative technique to integrate uncertainty in the 
analysis.

Sensitivity Analysis
Sensitivity analysis was performed using the leave-
one-out method to assess the effect of the different 
studies on the estimate and heterogeneity. Sensitivity 
analysis was performed to assess whether the pooled 
estimate and between-study heterogeneity were sig-
nificantly affected by the exclusion of certain studies. 
In addition, the forest plots were checked for possi-
ble outliers. The reasons for such behaviour were ex-
plored and the analysis was repeated after excluding 
outliers.

Publication Bias and Heterogeneity between Studies
Funnel plots were used to assess publication bias. 
Egger’s test was used to test the asymmetry of fun-
nel plots. The trim-and-fill method was also used to 
detect and adjust for publication bias. The I2 statistic 
was used to explore the percentage of heterogeneity 
attributed to variation in true-effect sizes secondary to 
inter-population variation. Estimates from subgroups 
within the same study were pooled using a fixed-ef-
fects model and used in the meta-analysis. The 95% 
confidence interval (CI) and Z-statistic were calcu-
lated and used for hypothesis testing. Heterogeneity 
between studies was quantified using the I2 statistic 
(I2 < 25%: low heterogeneity; 25% - 50%: moderate 
heterogeneity; 50% - 75%: high heterogeneity; I2 > 
75%: substantial heterogeneity). In the case of high 
heterogeneity, the cause was investigated, the outlier 
was removed, and a new result was presented.

Risk of Bias Assessment
The methodological quality of the included observa-
tional studies was assessed using the Newcastle–Otta-
wa Scale (NOS) for comparative retrospective cohorts 
and the Joanna Briggs Institute (JBI) critical appraisal 
checklist for case series.

Each study was independently evaluated by two re-
viewers for selection, comparability, and outcome 
domains (NOS) or for clarity of inclusion, follow-up, 
and outcome reporting (JBI). (see the underlaying ta-
ble 1).
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Discrepancies were resolved through discussion and consensus. Studies were classified as low, moderate, or 
high risk of bias based on total scores.

Table

Prisma Flow Diagram

Results
Overall, methodological quality among the eight included studies was moderate to good. Three studies demon-
strated a low risk of bias, four had moderate risk, and one showed high risk mainly due to incomplete fol-
low-up data and lack of comparative controls.

Common limitations included retrospective design, variable follow-up duration, and absence of randomiza-
tion. No study showed evidence of selective outcome reporting or serious methodological flaws that would 
invalidate its findings.

In summary, 3 studies were rated low risk, 4 were moderate, and 1 was high risk. Most limitations stemmed 
from the retrospective nature of the included studies and incomplete follow-up reporting.
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Anatomical success

Figure 1: Forest Plot of Anatomical Success Rates in Pediatric Rhegmatogenous Retinal Detachment Surgery 

Forest plot showing pooled single-surgery anatomical success rates of pars plana vitrectomy (PPV), combined 
pars plana vitrectomy and scleral buckle (PPV + SB), and scleral buckle (SB) in pediatric rhegmatogenous 
retinal detachment.

Pooled estimates were calculated using a Generalized Linear Mixed Model (GLMM) with a logit link under 
a random-effects framework, which directly models event counts with binomial likelihoods to provide more 
accurate confidence intervals for proportions and account for between-study variability.

Horizontal lines represent 95% confidence intervals; diamond shapes indicate pooled estimates.

Analysis shows that for PPV only the pooled effect size for anatomical success was 0.63 (95% CI 55%, 70%. 
The heterogeneity within this subgroup was 51% which was moderate. In the combined PPV & SB Subgroup, 
the pooled effect size was 66% (95% CI 61%, 70%). Heterogeneity was 0%, indicating consistent results 
across the included studies. In the SB Subgroup, the pooled effect size was 81% (95% CI 56%, 94%). The test 
for subgroup differences was not statistically significant (P = 0.34).
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Comparison between Groups

Figure 2: Comparison of Pooled Estimates for Anatomical Success between PPV only and Combined PPV & 
SB Groups in Pediatric Rhegmatogenous Retinal Detachment

In total, the five studies comprised 379 patients in the PPV & SB group and 234 patients in the PPV group. The 
pooled estimate from the random-effects model yields an odds ratio of 1.29 (95% CI 0.88, 1.88, P = 0.19). The 
heterogeneity among the studies was moderate (I² = 37%). The pooled estimate suggests that the combined 
surgical approach of PPV & SB is not significantly better statistically than PPV alone although the results 
suggest that the combined approach was associated with 36% higher odds of success than PPV. However, they 
were not statistically significant at the 0.05 level.

Figure 3: Sensitivity Analysis Results

Omitting each study in turn results in odds ratios (ORs) that range from 1.14 to 1.55. All the recalculated 
ORs were above 1, which suggests that the finding—that combined PPV & SB has a higher odd of anatom-
ical success compared to PPV only—is robust to the removal of any single study. However, the results were 
statistically significant only after omitting the study by Taisan 2021. The heterogeneity (I²) varied from 0% 
to 48%, with the lowest heterogeneity observed when the Al Taisan2021 study is omitted. Interestingly, when 
this study was removed, the OR was highest (OR = 1.55, 95% CI 1.01 – 2.36) indicating a stronger and more 
precise estimate.
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Figure 4: Comparison of Pooled Estimates for Anatomical Success between PPV and SB Groups in Pediatric 
Retinal Detachment

In total, the three studies comprised 72 patients in the SB only group and 76 patients in the PPV only group. 
The pooled estimate from the random-effects model yields an odds ratio of 5.23 (95% CI 1.30, 21.15, P = 
0.02). The heterogeneity among the studies was substantial (I² = 58%), suggesting that there is considerable 
variation in the odds ratios across these studies. The pooled estimate indicates that scleral buckling is associ-
ated with more than five times the odds of achieving anatomical success compared to pars plana vitrectomy 
alone. Sensitivity analysis showed that the results remained statistically significant after omitting two of the 
studies only.

Figure 5: Sensitivity Analysis for the PPV vs SB Comparison

Figure 6: Comparison of Pooled Estimates for Anatomical Success between PPV & SB and SB only Groups 
in Pediatric Rhegmatogenous Retinal Detachment

Two studies (Only SB surgery compared to combined PPV-SB surgery) were included in the meta-analysis. A 
total of 71 underwent SB only and 153 patients underwent the combined PPV & SB. The random-effects mod-
el's pooled estimate yielded an odds ratio of 2.42 (95% CI 0.41, 14.46, P = 0.33). The heterogeneity among the 
studies was substantial, with an I² value of 83%, indicating considerable variation in treatment effects across
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studies. The pooled estimate indicates that the combined surgical approach of PPV & SB is not significantly 
associated with higher odds of achieving anatomical success compared to SB alone.

Table 2
Study Year Country Intervention Outcomes
Alzaaidi et al. [11] 2013 Saudi Arabia PPV vs PPV+SB Anatomical success
Errera et al. [12] 2015 United Kingdom SB Anatomical success
Sen et al. [13] 2018 India PPV Anatomical suc-

cess, BCVA
Smith et al. [14] 2019 USA PPV vs PPV+SB 

vs SB
Anatomical success

Ghoraba et al. [15] 2020 Egypt PPV vs PPV+SB Anatomical suc-
cess, BCVA

Altaisan et al. [16] 2021 Saudi Arabia PPV vs PPV+SB Anatomical suc-
cess, BCVA

Atik et al. [17] 2022 Turkey PPV Anatomical suc-
cess, BCVA

Sparks et al. [18] 2023 USA PPV vs PPV+SB 
vs SB

Anatomical success

Discussion
Pediatric retinal detachments represent 2.9-12.6% of all retinal detachment cases and are a sturdy encounter for 
vitreo-retinal surgeons [19-21]. Our study included 909 operated pediatric rhegmatogenous retinal detachment 
eyes, 355 had PPV, 379 had combined PPV & SB and 175 had SB only. We considered anatomical success as 
being retinal re-attachment from one surgery only without the need to intervene again. Figure 1 shows that the 
overall anatomical success rates for PPV, combined PPV & SB and SB to be 63%, 66% and 81% respectively. 

Further comparison was done combining studies that compared two surgical interventions. Figure 2 shows 
five studies comparing PPV against combined PPV & SB consisting of 234 PPV eyes and 379 combined PPV 
& SB eyes. Results were that the odds of anatomical success are not statistically significant between the two 
groups. On the other hand, Figure 4 shows three studies that directly compared PPV only to SB only and 
showed that SB had five times the odds of achieving anatomical success. Buckling is believed to have a supe-
rior aspect in pediatric eyes due to a relatively healthier RPE pump and a strong firm adherence of the posterior 
hyaloid to the retinal surface with the presence of a formed vitreous. These factors can also make vitrectomy 
less effective in alleviating tractions of the vitreo-retinal interface [9,14]. In addition, given the difficulty of 
inducing a PVD in pediatric eyes and the risk of PVR with incomplete vitrectomy, SB is considered a better 
surgical option. The selection criteria may play a role as well which, as explained in Sparks et al., is that SB 
only is considered in milder cases of retinal detachments and vitrectomy is usually done in more advanced cas-
es such as open-globe trauma and advance proliferative vitreoretinopathy [18]. When considering combined 
PPV & SB to SB only, the conclusion is that the combined approach was not superior to SB only in achieving 
anatomical success (Figure 6).

In a case series of scleral buckle only, Errera et al. included 104 pediatric eyes that had a primary success rate of 
73% and overall success rate of 85% [12]. This series excluded cases with significant PVR, FEVR, previously 
diagnosed retinal breaks treated with laser and previous vitrectomy for penetrating trauma. In their retrospec-
tive study, they noted factors that increased the risk of failure including retinal detachment involving more than 
3 quadrants or having more than one retinal break. The degree of myopia, macular status, previous intraocular 
surgery, and trauma had no influence on the success of SB only. Barth et al. stated that SB only is a preferred 
option in cases where the break can be pre-operatively localized especially in post-traumatic ora dialysis [22].
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Difficulty localizing the break pre-operatively, pres-
ence of PVR, penetrating globe injuries and com-
plexity of the retinal detachment may ought to per-
form a PPV [22,23]. 

Other modalities of treatment include pneumatic 
retinopexy. Figueiredo et al. described this in a case 
series of 20 pediatric patients meeting the PIVOT 
study criteria [9]. The procedure was done in the 
office under topical anesthesia and the youngest 
patient being 9 years of age. The success rate was 
75% (15/20). Five cases failed to attach from the first 
pneumatic, two of them had a second pneumatic, one 
had PPV, another had PPV & SB and one patient had 
SB only all of which were successful. 

Amblyopia, chronicity, open globe trauma and late 
presentation are factors that come into play when 
estimating the visual prognosis of the pediatric pa-
tient with retinal detachment. Achieving anatomi-
cal success after diagnosis by choosing either SB or 
combined PPV & SB depending on the severity of 
the retinal detachment can be an initial step towards 
a better visual prognosis for the vitreo-retinal sur-
geon’s pediatric patient.

With the implementation of small gauge trans-con-
junctival suture-less vitrectomy systems, an inclina-
tion of cases of pediatric pars plana vitrectomy has 
been noticed due to quicker operating time, lessened 
surgically induced trauma, faster recovery and less 
patient discomfort [22]. 23-gauge and 25-gauge have 
been described in the literature, concerns around 
post-operative hypotony require special attention by 
using anterior sclerotomies, angled entry of the tro-
char and cannula, partial fluid air-exchange, careful 
examination of sclerotomy sites for wound leak and 
consider sutures in leaking sites [24,25]. 

Visual outcomes, though clinically crucial, were not 
consistently analysed due to incomplete or heteroge-
neous reporting across the included studies. Several 
studies described visual improvement qualitatively 
or used differing measurement systems (e.g., Snellen 
vs. log MAR), making quantitative synthesis unrelia-
ble. As a result, this meta-analysis focused primarily 
on anatomical success. Future research should adopt 
standardized reporting of visual outcomes with con-
sistent follow-up intervals to better correlate anatom-
ical success with functional vision recovery.

The absence of consistent Proliferative Vitreoretin-
opathy (PVR) classification across the included stud-
ies limited our ability to perform a subgroup analysis 
based on disease severity. PVR is a well-recognized 
determinant of surgical success in rhegmatogenous 
retinal detachment, and its omission from many pedi-
atric series reflects a broader gap in the literature. Var-
iability in case complexity and PVR stage likely con-
tributed to some of the heterogeneity captured by our 
random-effects model. Future studies should adopt 
standardized PVR grading systems and report them 
systematically to allow stratified analyses and more 
clinically meaningful comparisons [26].

Another important consideration is selection bias 
across the included studies. Scleral buckle is often per-
formed in milder, localized retinal detachments with 
identifiable breaks, whereas pars plana vitrectomy or 
combined PPV + SB are typically reserved for more 
complex cases involving extensive detachment, pro-
liferative vitreoretinopathy, or trauma. Consequently, 
the higher single-surgery success rates observed with 
scleral buckle likely reflect differences in baseline 
case severity rather than true procedural superiority. 
This inherent bias underscores the need for prospec-
tive comparative studies using standardized case clas-
sifications.

Several additional clinical confounders likely influ-
enced the outcomes reported across studies. The ae-
tiology of retinal detachment varied considerably, 
including traumatic, myopic, and congenital causes, 
each carrying distinct prognostic implications. Be-
cause the current meta-analysis focused specifically 
on rhegmatogenous retinal detachment (RRD), most 
included cases were trauma-related, which inherent-
ly represent more complex presentations with exten-
sive breaks, vitreous haemorrhage, and a higher risk 
of proliferative vitreoretinopathy (PVR). This distri-
bution may partially explain the lower single-surgery 
success rates observed in the vitrectomy subgroups. 
Macular status at presentation (macula-on versus 
macula-off) also significantly affects both anatomical 
and functional recovery yet was not consistently doc-
umented across studies. Moreover, amblyopia, a com-
mon cofactor in pediatric populations, can limit visual 
rehabilitation even after anatomical reattachment. The 
lack of uniform reporting and stratification by these 
confounders restricts the ability to isolate the true ef-
fect of surgical technique on outcomes and likely con-
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tributes to the interstudy heterogeneity observed.

Due to the rarity of the condition, there are several 
limitations noted within the literature and by over-
coming such barriers and standardizing reports we 
anticipate having more reliable results that can have 
a positive effect on the overall management of pedi-
atric rhegmatogenous retinal detachment patients. In 
our opinion studies should specify the following: the 
location of the retinal detachment especially in cas-
es of scleral buckle, location and number of retinal 
breaks/tears, surgical intervention done, tamponade 
material selection and its effect on surgical success 
and the complications of the different surgical in-
terventions. These certainly will aid in developing a 
more detailed algorithm and approach for cases of 
pediatric rhegmatogenous retinal detachments.

Limitations of our paper is that it included only 
studies of rhegmatogenous retinal detachments in 
pediatric age groups. Thus, these results may not be 
relevant to other etiologies of pediatric retinal de-
tachments. 

Conclusion
Our systematic review and meta-analysis confirm 
known knowledge that scleral buckle may be pre-
ferred in cases of pediatric rhegmatogenous retinal 
detachments. We conclude that scleral buckle is the 
most successful of the three interventions. Further 
details are needed in published literature to have 
enough to provide a clearer approach in selecting the 
most suitable surgical intervention in more complex 
cases that can aid in establishing an evidence-based 
approach in pediatric rhegmatogenous retinal de-
tachment cases increasing future success rates.
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