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ABSTRACT

Autologous platelet concentrates are rich in growth factors and have shown potential for high
anatomical success rates in macular hole treatment. However, no systematic review has yet
assessed its impact. Therefore, this study aimed to conduct a comprehensive review and meta-
analysis on the comparative efficacy and safety of autologous platelet concentrates in treating
macular hole. A systematic review of the literature on autologous platelet concentrate therapy
for macular hole was conducted in accordance with Preferred Reporting ltems for Systematic
Reviews and Meta-Analysis (PRISMA) guidelines on September 9, 2023. Databases, including
PubMed, the Cochrane Library, Web of Science, and Embase, were queried. A meta-analysis of
random effects was performed. Efficacy was evaluated through anatomical closure, reopening of
the macular hole at 6 months, average improvement of 2 lines, and visual field loss. Safety was
evaluated by monitoring complications. A systematic search of multiple databases identified six
studies (three randomized controlled trials and three non-randomized cohort studies) involving 616
patients (626 eyes). Autologous platelets concentrate therapy significantly improved macular hole
closure compared to that in the controls (OR=4.35; 95%CI=2.08-9.10; p<0.0001; 12=9%). No
significant differences were observed in hole reopening at 6 months, post-operative visual acuity
improvement by 2 lines or more, or visual field loss between autologous platelets concentrate and
control groups. The overall complication rates were similar between groups. Thus, autologous
platelet concentrate therapy shows promise for promoting macular hole closure, particularly in
smaller holes. Further research with standardized protocols, prolonged follow-ups, and larger
sample sizes is needed to fully understand its benefits and limitations in macular hole closure.

Prospero database registration: (https://www.crd.york.ac.uk/prospero/) under ID CRD42023455815.

Keywords: Macular hole; Autologous platelet; Vitrectomy; Retinal perforations

INTRODUCTION

The first description of a macular hole (MH) emerged in 1869, which
attributed its genesis to a traumatic incident.?» MHs are characterized by a
vertical defect in the neurosensory retinal anatomy, primarily within the foveal
region, extending from the internal limiting membrane (ILM) to the retinal
pigment epithelium (RPE).C® It profoundly affects central vision and induces
metamorphopsia. Most MHs are primary and idiopathic, whereas secondary
MHs can be linked to factors such as high myopia, trauma, proliferative diabetic
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retinopathy, and various retinal pathologies.” The
gold standard for treating MH is surgical intervention
involving pars-plana vitrectomy (PPV), induction of
posterior vitreous detachment, and optionally, peeling
of the internal limiting membrane (ILM) followed
by gas tamponade.®!Y However, several techniques
have been introduced to enhance surgical outcomes,
including the inverted ILM flap,'? lens capsular flap
transplantation,™® tapping of MH edges,¥ autologous
serum injection,™ human amniotic membrane, and
autologous retinal transplantation.

Challenging cases, including large MHs, myopic
MHs, and MHs associated with retinal detachment,
are associated with poorer visual outcomes and
lower closure rates.® This has led to modifications in
conventional MH surgery, such as the use of autologous
platelet concentrate (APC) for enhanced success.
Platelet extracts, which are rich in growth factors, have
been proven effective in MH treatment, achieving high
anatomical success rates.1®” Despite the potential
benefits of APC, its impact on MH treatment has not
been systematically reviewed.

OBJECTIVE

This study aimed to assess the comparative efficacy and
safety of autologous platelet concentrate for treating
macular hole.

METHODS

Eligibility criteria

Inclusion in this meta-analysis was restricted to studies
that met the following eligibility criteria: human
study; participants: people with MH; comparison
of APC therapy with control; at least one or more
clinical outcomes representing intraoperative and/
or postoperative outcome parameters assessed and
published; design: randomized trials or nonrandomized
cohorts; and reports of any clinical outcomes of interest.
We excluded studies with no control group, studies on
animal or cadaver subjects, and reports not published
in English.

Search strategy and data extraction

The protocol for this systematic review of literature
on APC therapy for MH surgery is registered in the
PROSPERO International Prospective Register of
Systematic Reviews, following the Preferred Reporting
Items for Systematic Reviews and Meta-Analysis
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(PRISMA) guidelines for protocol data extraction. The
term (“Retinal Perforation” OR “Holes, Retinal” OR
“Macular Hole” OR “Macular Holes” OR “Retinal
Break” OR “Retinal Breaks” OR “Retinal Dialyse” OR
“Retinal Dialyses” OR “Retinal Hole” OR “Retinal
Holes” OR “Retinal Perforation” OR “Retinal Tear” OR
“Retinal Tears”) AND (“Blood Platelet” OR Platelet
OR “Platelet, Blood” OR Platelets OR “Platelets,
Blood” OR Thrombocyte OR Thrombocytes) was used
for the search. The search terms were queried in the
PubMed (MedLine), Embase (Elsevier), Cochrane, and
Web of Science databases. The searches started on July
20, 2023, and ended on August 20, 2023. References
from all included studies, previous systematic reviews,
and meta-analyses were also manually searched for
additional studies. Two authors independently extracted
the data using predefined search criteria and quality
assessments.

Statistical analysis

This systematic review and meta-analysis were performed
in accordance with the Cochrane Collaboration and
PRISMA statement guidelines.®” Odds-ratios (OR)
with 95% confidence intervals (95%CI) were used to
compare the treatment effects for categorical endpoints.
Continuous outcomes were compared using standardized
mean differences. Heterogeneity across studies was
evaluated using Cochran’s Q test, I test, and ° test. An
I? value greater than 50% was considered indicative of
high statistical heterogeneity, for which a random-effects
model was used. A random-effects model was used for
all analyses because of heterogeneity. Review Manager
5.3 (Cochrane Centre, The Cochrane Collaboration,
Denmark) was used for the statistical analysis.

RESULTS

Study selection and characteristics

As detailed in figure 1, 301 articles were found, with
110 from PubMed (Medline), 170 from Embase
(Elsevier), 145 from Web of Science, and 20 from the
Cochrane databases. Among these, 197 were excluded
as duplicates. After removing duplicate records and
ineligible studies, 10 studies remained and were
fully reviewed based on the inclusion criteria. Four
articles were excluded based on the exclusion criteria.
Finally, six studies were included in the review: three
randomized controlled trials (RCTs)17??» and three
non-randomized cohort studies.1%232%
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Figure 1. Study screening and selection process

In total, 616 patients (626 eyes) were included in
this study. The mean age was 65.01+3.45 years in the
platelet arm and 65.51%1.55 in the control arm. There
were 273 eyes in the platelet arm and 353 in the control
arm. The minimum aperture size measurement of the
MH was traced in all studies at the level of the narrowest
neurosensory retinal aperture between the MH edges,
roughly parallel to the RPE/Bruch membrane complex.©®
In the postoperative period, patients were required
to stay as far as possible in the prone position (face-
down) for 3-14 days.® Retinal detachment, pigment
changes in the macula and epiretinal membrane,
keratoconjunctivitis, cataracts, elevated intraocular
pressure, and endophthalmitis were the complications
reportedin the selected studies. The study characteristics
are reported in table 1, and the pooled analysis of all
studies is reported in table 2.

Pooled analysis of all studies

Compared with the control group, those receiving
APC showed better results towards anatomical closure
of the MH (OR=4.35; 95%CI=2.08-9.10; p<0.0001;
12=9%; Figure 2A). However, among those receiving
APC, no significant difference was found compared
with the control group in reopening of the MH in 6
months (OR=1.84; 95%CI=0.16-20.98; p=0.623366;
I2=NA%; Figure 2B).

No statistically significant difference was found
between groups in the post-operative visual acuity
indicated by an average improvement of 2 lines or
more (OR=1.30; 95%CI=-0.15-0.24; p=0.68; 1>=68%;
Figure 3).

Furthermore, 16 visual field loss cases were reported
in two studies,7?» however, the occurrence of visual
field loss was not significantly different between the
platelet and control groups (OR=2.27; 95%CI=0.79-
6.57; p=0.13; I’=NA%).
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Table 1. Baseline characteristics of included studies

Participants

Gender Base diameter of the

Base diameter of the

B i) Sy [oyes] Sluny (/M) hole (uM) [platelet] hole (um) [control] ' ClOW-UP
Gaudric et al (1995)6! OB prospective 40 [40] France 65.90 NA NA NA 6 months
Paques et al (1999)" RCT 110 [110] France 67.48 73137 NA NA 6 months
Kim et al (2021)2" RCT 170117] South Korea ~ 64.19 34/83 1078.3=49.9 967.0+42.7 6 months
Babu et al (2020)% RCT 60 [60] India 61.85 40/20 1395.17+240.57 1486.90+281.61 3 months
Minihan et al (1997)%! OB prospective 75 (85] Ireland 65.00 NA NA NA 6 months
Shpak et al (2021)2 OB retrospective 214214] Russia 66.58 183/31 883+386 817+272 12 months
0B: observational; RCT: randomized control trial; F: female; M: male; NA: not applicable.
Table 2. Summary pooled analysis of all outcomes
Outcome OR; 95%CI p value Hetell;o(%z)n ]
Anatomical closure 4.35;2.08-9.10 <0.0001 g
Reopening in 6 months 1.84,0.16-20.98 0.623366 NA
Average improvement of two lines or more 1.30; -0.15-0.24 0.68 68
Visual field loss 2.27;0.79-6.57 0.13 NA
Complications 0.57; 0.17-1.97 0.375 81

P values less than 0.05 were considered statistically significant.
OR: odds ratio; 95%Cl: 95% confidence interval; I: an I value greater than 50% was considered indicative of high statistical heterogeneity (NA% indicates that only one study had a positive outcome in those cases); NA: not applicable.

Platelet Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Babu 2020 28 30 27 30 14.4% 1.56 [0.24, 10.05] Tl
Gaudric 1995 19 20 13 20 10.5% 10.23 [1.12, 93.34] =
Kim 2021 52 58 47 59 38.0% 2.21[0.77, 6.36] N
Minihan 1997 48 50 25 35 19.1% 9.60 [1.95, 47.23] I
Paques 1999 52 53 47 57 11.6% 11.06 [1.36, 89.73] - =
Shpak 2021 62 62 141 152 6.5% 10.16 [0.59, 175.11] -
Total (95% Cl) 273 353 100.0% 4.35 [2.08, 9.10] ‘
Total events 261 300
ity: 2= : j2 = = = - 12 =99 } t t t
?et?rfogeneltyl.I T?fu : (2)983 ggl o <565(1)68f1 5(P=0.36); ’=9% 0.01 01 1 10 100
est for overall effect: Z = 3.90 ( ) ) Favours [control] Favours [platelet]
A
Platelet Control Odds Ratio

Study Events Total Events Total Weight OR 95% CI MH, Random, 95% ClI

Babu 2020 0 28 0 27 0.0% :

Gaudric 1995 0 19 0 13 0.0%

Paques 1999 2 52 1 47 100.0% 1.84 [0.16,20.98] -

Total (95% CI) 2 99 1 87 100.0% 1.84 [0.16,20.98] *—

Heterogeneity: Tau? = NA; Chi? = 0.00, df = 0 (P = NA); I = NA% rr I

Test for overall effect: Z = 0.49 (P = .623366) 0.1 051 2 10

B Favors Platelet Favors Control

Figure 2. Forest plots of (A) anatomical closure and (B) reopening of the MH in 6 months
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Platelet Control Odds Ratio Odds Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% ClI M-H, Random, 95% CI
Babu 2020 36 50 17 35 51.2% 2.72[1.10, 6.74] —i—
Gaudric 1995 17 19 12 13 16.5% 0.71[0.06, 8.73] B
Minihan 1997 3 30 5 30 32.3% 0.56 [0.12, 2.57] — &
Total (95% CI) 929 78 100.0% 1.30 [0.41, 4.15] -
Total events 56 34

itv: 2 = . 2= = = 12 = 0, I } } {
Heterogeneity: Tau? = 0.47; Chi = 3.56, df = 2 (P = 0.17); I = 44% 0.01 01 ] 10 100

Test for overall effect: Z = 0.45 (P = 0.65)

Figure 3. Forest plot of average improvement of 2 lines or more

Across the pooled studies, a total of 122 complications
were observed among the 616 patients (626 eyes). The
rates of complication (OR=0.57; 95%CI=0.41-4.15;
p=0.65; 1?=44%; Figure 4A) were not significantly
differentbetween the groups. Composite endophthalmitis
was not observed in these studies (Figure 4B).

DISCUSSION

Vitrectomy with internal limiting membrane (ILM)
peeling and gas or silicone oil tamponade is considered
the gold standard for treating MHs. However, this
method has several limitations.?® Complications such as
intraocular infection, retinal displacement, progressive
cataract, and retinal vascular occlusion are prevalent,
especially in patients with preexisting risk factors such
as diabetes or advanced age.?”

In the realm of MH surgery, the choice of an optimal
tamponade agent is of paramount importance, factoring
in various considerations such as patient positioning,
duration of compromised vision, air travel feasibility, and
potential complications. These elements are intricately
modulated by hole-specific variables such as size and
chronicity. This systematic review explores the existing
body of evidence, specifically focusing on the use of
APC as a tamponade agent. By dissecting and analyzing
this approach, a more comprehensive understanding of
its potential benefits and drawbacks emerges, enriching
the discourse surrounding tamponade options in MH
surgery.

Upon examining baseline characteristics, a notable
similarity emerged in the mean ages of the two groups.
Notably, most patients in both the groups were 60
years or older at the beginning of the research. This
observation underscores the comparability of groups in
terms of age distribution, which is pivotal for ensuring
a balanced assessment of the impact of APC treatment
on MH closure rates.

Favours [platelet] Favours [control]

The primary measure of surgical success was closure of
the MH. Notably, the analysis revealed a more favorable
outcome for the group treated with APC than for the
control group, as indicated by the OR. Additionally, it
is pertinent to highlight that this analysis demonstrated
a low level of heterogeneity, with an 1>’=9%, indicating
a notable consistency among the included studies. These
findings underscore the potential efficacy of APC in
promoting MH closure, and highlight the robustness and
coherence of the collected evidence.

Furthermore, the outcome measures of visual acuity
improvement by two lines or more and visual field
loss also demonstrated a lack of disparity between the
groups. This suggests that although APC treatment may
positively influence hole closure, it may not necessarily
translate into significant short-term visual acuity gains,
as with other MH therapies.®

Nevertheless, the incidence of MH reopening after
6 months did not show a significant difference. This
emphasizes the complexity of the factors influencing
the long-term stability of hole closure, and suggests
the need for continued investigation into optimizing
treatment durability.?3) The results obtained in the
reopening of the MH differed from those of other
studies. Schaub®? reported better outcomes in the
APC group. It is important to note that the study
population included patients with persistent MHs,
which can lead to different results. Therefore, further
investigation of these aspects is important.

When considering complications, our findings
demonstrated that the overall complication rates were
not significantly different between the two groups, which
is reassuring as it suggests that the use of APC does not
inherently introduce a greater risk of complications, as
observed in other studies.®?

Macular hole stage plays a significant role in the
patient’s prognosis, including postoperative closure
of the MH and visual acuity. As shown in table 1, the
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Platelet Control Odds Ratio
Study Events Total Events Total Weight OR 95% CI MH, Random, 95% CI
Babu 2020 0 30 0 30 0.0% '
Gaudric 1995 0 20 0 20 0.0% :
Kim 2021 26 58 43 59 497% 030 [0.14,0.65] ———-
Paques 1999 26 53 27 57 50.3% 1.07 [0.51,2.26] ——
Shpak 2021 0 62 0 152 0.0% i
Total (95% CI) 52 223 70 318 100.0% 057 [0.17,1.97] ——mm———

Heterogeneity: Tau? = 0.648; Chi? = 5.30, df = 1 (P =.02); I =81%

Test for overall effect: Z =-0.89 (P = .375081)

[ I I I 1
02 05 1 2 5

A Favors Platelet Favors Control
Platelet Control Odds Ratio
Study Events Total Events Total Weight OR 95% ClI MH, Random, 95% CI
Babu 2020 0 30 0 30 0.0%
Gaudric 1995 0 20 0 20 0.0%
Paques 1999 0 53 0 57 0.0%
Total (95% CI) 0 103 0 107 100.0%
Heterogeneity: Tau? = NA; Chi® = NA, df = NA (P = NA); I = NA% l I
Test for overall effect: Z = NA (P = NA) 0.75 1 15
B Favors Platelet Favors Control

Figure 4. Forest plots of (A) Complications and (B) Endophthalmitis

smaller the MH, the better is the outcome. This is
anticipated as MHs progress from stage 1 to stage
4, with a corresponding decline in visual acuity.
Consequently, the rate of visual loss increases as the
hole enlarges, particularly in stages 3 and 4 MHs. The
findings indicate that stage 2 MHs have a much better
prognosis than those at stages 3 and 4, which has been
reported in other studies.?

Furthermore, APC production is resource-intensive
and complex and requires blood centrifugation and
separation. In addition, a highly aseptic environment is
necessary because of the risk of infection during long-
term preservation. 3%

Nevertheless, it is essential to highlight that
satisfactory outcomes can still be achieved without
APC. Therefore, ophthalmologists may not prioritize
APC use as the primary surgical approach.®¥ Although
APC may not be the universally preferred method, its
use is recommended in cases with specific indications,
such as giant MH, recurrent MH, persistent MH, MH
associated with high myopia, MH associated with
trauma, or MH associated with vitreomacular traction.

Medical classification systems help comprehend
disease progression, predicting possible outcomes, and
evaluating prognoses.®® The Gass classification is >30
years old but is still useful in informing patients about
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their prognosis through observation alone. Currently,
research efforts are focused on identifying additional
biomarkers correlated with the established standard
classification based on measuring the minimum aperture
size at the level of the neurosensory retina, classified
as small (=250um), medium (>25 to <400um), and
large (>400um) MH and linked with postoperative
outcomes.®>>*4) This evolution contributes to a more
precise understanding of the disease and plays a
pivotal role in supporting informed decision-making
to enhance the overall quality of life for patients. This
approach maximizes the benefits offered by the APC in
these specific scenarios.

Limitation of this meta-analysis

The duration of symptoms is a difficult parameter
to evaluate precisely, and therefore, as reported in
other studies“#? it is directly related to progression
of the MH diameter and worse prognosis. Another
chronological factor is the postoperative evaluation of
visual accuracy. Some studies have only utilized the
6 months mark post-surgery for evaluation. Others
evaluated two, three, and six months and even one or
two years after surgery. This information could help us
properly understand the long-term effects of treatment.
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In certain studies, within the analysis, missing
standard deviations for visual acuity measurements
and the use of diverse measurement scales introduced
uncertainty and complexity. The absence of standard
deviations impacts the result assessment, whereas
varying scales hinder direct result comparison.
This methodological variation can compromise data
aggregation, interpretation, and practical applications.
Recognizing these limitations is crucial when evaluating
findings from studies using different measurement
approaches.

The use of different methods of extraction for APC
or even the process of applying it in the eyes of the
patient can affect the final results.

CONCLUSION

In summary, our meta-analysis provides valuable insights
into the potential efficacy and safety of autologous
platelet concentrate therapy as a promising intervention
for addressing macular holes. The analysis reveals
that autologous platelet concentrate therapy provides
a significant advantage in promoting the anatomical
closure of macular holes when compared to control
interventions. While the results regarding macular hole
reopening and post-operative visual acuity improvements
showed no statistically significant differences between the
autologous platelet concentrate group and the controls, the
observed trend towards enhanced closure underscores the
therapeutic potential of autologous platelet concentrate.
Notably, the macular hole stage emerged as a critical
factor influencing treatment outcomes, with smaller
holes exhibiting better prognoses. Acknowledging the
limitations inherent in the included studies, such as
varying methodologies for autologous platelet concentrate
preparation and administration, symptom duration, and
follow-up duration, it becomes clear that further research,
ideally with standardized protocols, prolonged follow-
up, and larger sample sizes, is required to establish the
full spectrum of benefits and limitations of autologous
platelet concentrate in macular hole closure. In the
pursuit of refining treatment approaches for macular
holes, our meta-analysis contributes to the growing body
of evidence supporting the role of autologous platelet
concentrate therapy in enhancing anatomical closure,
offering a stepping-stone for future investigations in this
dynamic field.

ACKNOWLEDGMENTS

The authors thank Coordenacdo de Aperfeicoamento
de Pessoal de Nivel Superior - Brasil (CAPES) - Finance

Code 001, the Fundagao de Amparo a Pesquisa de Sdo
Paulo (FAPESP, grants #2016/17078-0, 2021/00360-3,
2023/03462-7), and the Conselho Nacional de
Desenvolvimento Cientifico e Tecnologico (CNPQq).

AUTHORS' CONTRIBUTION

Dillan Cunha Amaral, Mario Luiz Ribeiro Monteiro,
Milton Ruiz Alves, Ivar Vargas Belizario, Lucas de
Sousa Tebicherane, Raiza Jacometti, José Eduardo
Ferreira Manso, Agma Juci Machado Traina and
Ricardo Noguera Louzada: substantial contributions
to the conception and design, acquisition of data,
or analysis and interpretation of data; took part in
drafting the article or revising it critically for important
intellectual content; gave final approval of the version
to be published; have agreed on the journal to which the
article has been submitted; and agree to be accountable
for all aspects of the work.

AUTHORS' INFORMATION

Amaral DC: http://orcid.org/0009-0002-7948-154X
Monteiro ML: http://orcid.org/0000-0002-7281-2791
Alves MR: http://orcid.org/0000-0001-6759-5289
Belizario I'V: http://orcid.org/0000-0001-5970-2283
Tebicherane LS: http://orcid.org/0009-0001-1824-7592
Jacometti R: http://orcid.org/0009-0005-4524-8661
Manso JE: http://orcid.org/0000-0001-9694-7415
Traina AJ: https://orcid.org/0000-0003-4929-7258
Louzada RN: http://orcid.org/0000-0002-9610-5768

REFERENCES

1. Ueber HK. Isolirte zerreissungen der aderhaut infolge von traumen auf
augapfel. Arch Augenheilkd. 1869;1:6-29.

2. Abdul-Kadir MA, Lim LT. Update on surgical management of complex macular
holes: a review. Int J Retina Vitreous. 2021;7(1):75.
3. Louzada RN, Ferrara D, Moult EM, Fujimoto JG, Abu-Qamar O, Duker JS, et

al. Full-thickness macular hole size by hypertransmission signal on spectral-
domain optical coherence tomography. Retina. 2021;41(10):2059-65.

4. Louzada RN, de Carlo TE, Adhi M, Novais EA, Durbin MK, Cole E, et al. Optical
coherence tomography angiography artifacts in retinal pigment epithelial
detachment. Can J Ophthalmol. 2017;52(4):419-24.

5. Duker JS, Kaiser PK, Binder S, de Smet MD, Gaudric A, Reichel E, et al.
The International Vitreomacular Traction Study Group classification of
vitreomacular adhesion, traction, and macular hole. Ophthalmology. 2013;
120(12):2611-9.

6. Zhang L, Li X, Yang X, Shen Y, Wu M. Internal limiting membrane insertion

technique combined with nerve growth factor injection for large macular
hole. BMC Ophthalmol. 2019;19(1):247.

7. EzraE. Idiopathic full thickness macular hole: natural history and pathogenesis.
Br J Ophthalmol. 2001;85(1):102-8.

8. Brooks HL Jr. Macular hole surgery with and without internal limiting
membrane peeling. Ophthalmology. 2000;107(10):1939-48.

einstein (Sao Paulo). 2024;22:1-8



Amaral DC, Monteiro ML, Alves MR, Belizario IV, Tebicherane LS, Jacometti R, Manso JE, Traina AJ, Louzada RN

20.

22.

23.

24.

Christmas NJ, Smiddy WE, Flynn HW Jr. Reopening of macular holes after
initially successful repair. Ophthalmology. 1998;105(10):1835-8.

. Sheidow TG, Blinder KJ, Holekamp N, Joseph D, Shah G, Grand MG, et al.

Outcome results in macular hole surgery: an evaluation of internal limiting
membrane peeling with and without indocyanine green. Ophthalmology.
2003;110(9):1697-701.

. Michalewska Z, Michalewski J, Dulczewska-Cichecka K, Nawrocki J.

Inverted internal limiting membrane flap technique for surgical repair of
myopic macular holes. Retina. 2014;34(4):664-9.

. Michalewska Z, Michalewski J, Adelman RA, Nawrocki J. Inverted internal

limiting membrane flap technique for large macular holes. Ophthalmology.
2010;117(10):2018-25.

. Chen SN, Yang CM. Lens capsular flap transplantation in the management of

refractory macular hole from multiple etiologies. Retina. 2016;36(1):163-70.

. Kumar A, Tinwala SI, Gogia V, Sehra SV. Tapping of Macular Hole Edges:

The Outcomes of a Novel Technique for Large Macular Holes. Asia Pac J
Ophthalmol (Phila). 2013;2(5):305-9.

. Ezra E, Aylward WG, Gregor ZJ. Membranectomy and autologous serum

for the retreatment of full-thickness macular holes. Arch Ophthalmol.
1997;115(10):1276-80.

. Gaudric A, Massin P, Paques M, Santiago PY, Guez JE, Le Gargasson JF, et al.

Autologous platelet concentrate for the treatment of full-thickness macular
holes. Graefes Arch Clin Exp Ophthalmol. 1995;233(9):549-54.

. Paques M, Chastang C, Mathis A, Sahel J, Massin P Dosquet C, et al. Effect of

autologous platelet concentrate in surgery for idiopathic macular hole: results
of a multicenter, double-masked, randomized trial. Platelets in Macular Hole
Surgery Group. Ophthalmology. 1999;106(5):932-8.

. Gaudric A, Paques M, Massin P. Santiago PY, Dosquet C. Use of autologous

platelet concentrate in macular hole surgery: report of 77 cases. Dev
Ophthalmol. 1997;29:30-5.

. Mulhern MG, Cullinane A, Cleary PE. Visual and anatomical success with

short-term macular tamponade and autologous platelet concentrate. Graefes
Arch Clin Exp Ophthalmol. 2000;238(7):577-83.

Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD,
et al. The PRISMA 2020 statement: an updated guideline for reporting
systematic reviews. BMJ. 2021;372(71):n71.

. Kim M, Won JY, Choi SY, Kim M, Ra H, Jee D, et al. Therapeutic Efficacy

of Autologous Platelet Concentrate Injection on Macular Holes with High
Myopia, Large Macular Holes, or Recurrent Macular Holes: A Multicenter
Randomized Controlled Trial. J Clin Med. 2021;10(12):2727.

Babu N, Kohli P Ramachandran NO, Adenuga 00, Ahuja A, Ramasamy K.
Comeparison of platelet-rich plasma and inverted internal limiting membrane
flap for the management of large macular holes: a pilot study. Indian J
Ophthalmol. 2020;68(5):880-4.

Minihan M, Goggin M, Cleary PE. Surgical management of macular holes:
results using gas tamponade alone, or in combination with autologous
platelet concentrate, or transforming growth factor beta 2. Br J Ophthalmol.
1997;81(12):1073-9.

Shpak AA, Shkvorchenko DO, Krupina EA. Surgical treatment of macular holes
with and without the use of autologous platelet-rich plasma. Int Ophthalmol.
2021;41(3):1043-52.

einstein (Sao Paulo). 2024;22:1-8

25.

26.

21.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Kapoor KG, Khan AN, Tieu BC, Khurshid GS. Revisiting autologous platelets
as an adjuvant in macular hole repair: chronic macular holes without prone
positioning. Ophthalmic Surg Lasers Imaging. 2012;43(4):291-5.

Thompson JT. Advantages and limitations of small gauge vitrectomy. Surv
Ophthalmol. 2011;56(2):162-72.

Ozturk Y, Bolac R, Kockar N, Yildiz MB, Kose AO, Kugu S. Effect of Diabetes
Mellitus and Systemic Hypertension on Macular Hole Surgery. J Coll
Physicians Surg Pak. 2022;32(6):758-62.

Pearce IA, Branley M, Groenewald C, McGalliard J, Wong D. Visual function
and patient satisfaction after macular hole surgery. Eye (Lond). 1998;12(Pt 4):
651-8.

Elhusseiny AM, Schwartz SG, Flynn HW Jr, Smiddy WE. Long-Term Outcomes
after Macular Hole Surgery. Ophthalmol Retina. 2020;4(4):369-76.

Mahmoud TH. Insight into Long-Term Outcomes after Macular Hole Surgery.
Ophthalmol Retina. 2020;4(4):377.

Kazmierczak K, Stafiej J, Stachura J, Zuchowski P Malukiewicz G. Long-
Term Anatomic and Functional Outcomes after Macular Hole Surgery. J
Ophthalmol. 2018;2018:3082194.

Schaub F Gozliigdl N, von Goscinski C, Enders P Heindl LM, Dahlke C.
Outcome of autologous platelet concentrate and gas tamponade compared
to heavy silicone oil tamponade in persistent macular hole surgery. Eur J
Ophthalmol. 2021;31(2):664-72.

Hagenau F, Osterode EV, Klaas JE, Vogt D, Keidel LF, Schworm B, et al. Long-
Term Results of Adjunct Autologous Platelet-Rich Plasma in Lamellar Macular
Hole Surgery Showing Lasting Restoration of Foveal Anatomy. Int J Mol Sci.
2023;24(5):4589.

Hoerauf H, Kliter H, Joachimmeyer E, Roider J, Framme C, Schlenke P, et al.
Results of vitrectomy and the no-touch-technique using autologous adjuvants
in macular hole treatment. Int Ophthalmol. 2001;24(3):151-9.

Gehring S, Hoerauf H, Laqua H, Kirchner H, Kliiter H. Preparation of autologous
platelets for the ophthalmologic treatment of macular holes. Transfusion.
1999;39(2):144-8.

Tynngdrd N. Preparation, storage and quality control of platelet concentrates.
Transfus Apher Sci. 2009;41(2):97-104.

[ttarat M, Somkijrungroj T, Chansangpetch S, Pongsachareonnont P. Literature
Review of Surgical Treatment in Idiopathic Full-Thickness Macular Hole. Clin
Ophthalmol. 2020;14:2171-83. Review.

Louzada R, Vargas Belizario |, Monteiro M, Porto F, Alves M, Traina A. Artificial
intelligence in imaging examinations: how to future-proof data? eOftalmo.
2023;9:99-101.

Rezende FA, Ferreira BG, Rampakakis E, Steel DH, Koss MJ, Nawrocka
ZA, et al. Surgical classification for large macular hole: based on different
surgical techniques results: the CLOSE study group. Int J Retina Vitreous.
2023;9(1):4.

Mehta N, Lavinsky F, Larochelle R, Rebhun C, Mehta NB, Yanovsky RL, et
al. Assessing the ability of preoperative quantitative spectral-domain optical
coherence tomography characteristics to predict visual outcome in idiopathic
macular hole surgery. Retina. 2021;41(1):29-36.

Thompson JT, Sjaarda RN, Lansing MB. The results of vitreous surgery for
chronic macular holes. Retina. 1997;17(6):493-501.

Roth DB, Smiddy WE, Feuer W. Vitreous surgery for chronic macular holes.
Ophthalmology. 1997;104(12):2047-52.



