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ABSTRACT

Introduction: Highly myopic macular hole
retinal detachment (MHRD) is often associated
with a poor prognosis, and there is currently no
optimal treatment. Platelet-rich fibrin (PRF), an
autologous blood product, has been shown to
promote tissue regeneration. This prospective,
randomized, controlled study investigated the
efficacy of conventional internal limiting mem-
brane (ILM) peeling versus PRF membrane trans-
plantation in highly myopic MHRD.

Methods: Eyes with highly myopic MHRD
were randomly assigned to either a conven-
tional ILM peeling group (IP group, n=19) or
a PRF membrane transplantation group (PMT
group, n=21). The study followed participants
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for a period of 6 months. The primary outcome
measure was macular hole (MH) closure assessed
using optical coherence tomography. Secondary
outcomes included best-corrected visual acuity
(BCVA), central retinal thickness (CRT), superfi-
cial vascular density (SVD), deep vascular den-
sity (DVD), rate of retinal reattachment, and any
complications encountered.

Results: MH closure was achieved in a sig-
nificantly greater proportion of eyes in the
PMT group (21/21, 100.00%) compared to the
IP group (15/19, 78.95%) (P=0.042). Retinal
reattachment was accomplished in all patients
(100.00%) within both groups. Except for an
insignificant difference in BCVA observed at
1 week post-surgery in the IP group, significant
improvements in BCVA and CRT were docu-
mented in both groups across all other post-
operative time points. Final BCVA (P=0.040),
CRT (P=0.002), SVD (P=0.002), and DVD
(P=0.013) were all significantly higher in the
PMT group compared to the IP group. No serious
complications were identified in either group.
Conclusions: This study demonstrated the
superiority of PRF membrane transplantation
compared to conventional ILM peeling in pro-
moting MH closure and enhancing retinal vas-
cular density in patients with highly myopic
MHRD. Additionally, PRF membrane trans-
plantation effectively restores retinal reattach-
ment, improves visual function, and increases
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retinal thickness without introducing additional
complications.

Trial Registration Number: www.clinicaltrials.
gov, NCT06200727.

Keywords: Highly myopic macular hole
retinal detachment; Macular hole closure rate;
Platelet-rich fibrin membrane; Retinal vascular
density; Visual acuity

Key Summary Points

Why carry out this study?

Highly myopic macular hole retinal
detachment (MHRD) is associated with a low
rate of macular hole (MH) closure and poor
visual prognosis.

Platelet-rich fibrin (PRF), an autologous blood
derivative with established applications in
regenerative medicine, demonstrates promise
for promoting full-thickness MH healing.
However, its efficacy in highly myopic MHRD
remains unexplored.

This study aimed to investigate

the effectiveness of PRF membrane
transplantation in highly myopic MHRD
by comparing relevant metrics with the
conventional approach of internal limiting
membrane (ILM) peeling.

What was learned from the study?

Patients with highly myopic MHRD

who underwent PRF treatment exhibited
significantly improved visual acuity and a
higher rate of MH closure compared to those
who underwent ILM peeling. These findings
suggest that PRF membrane transplantation
offers a viable treatment option for highly
myopic MHRD.

The safety profile of the PRF membrane in
the highly myopic MHRD cohort was deemed
acceptable. No PRF-related complications
were observed in the PRF-treated group,

and neither group experienced serious
complications.

DIGITAL FEATURES

This article is published with digital features,
including podcast audio, to facilitate
understanding of the article. To view digital
features for this article, go to https://doi.org/10.
6084/m9.figshare.26180870.

INTRODUCTION

Highly myopic macular hole retinal detachment
(MHRD) represents the terminal stage of
complications arising from high myopia in the
fundus [1]. The prevalence of MHRD is estimated
to be approximately 1.01% in individuals
with high myopia exceeding the age of 50,
with a demonstrably higher incidence among
female patients [2]. In cases of highly myopic
MHRD, a significant decline in visual acuity is
typically observed, necessitating prompt surgical
intervention [3].

Highly myopic MHRD presents a significant
therapeutic challenge due to several anatomical
factors. These include a specific fundus base,
limited internal limiting membrane (ILM)
availability, and a non-planar retinal surface
[4]. Despite the ongoing debate regarding the
optimal treatment strategy for MHRD in highly
myopic eyes, pars plana vitrectomy (PPV)
combined with ILM peeling remains the most
common approach. However, this technique
yields an inconsistent macular hole (MH) closure
rate, ranging from 25 to 88.9% [5, 6]. To improve
outcomes, various novel surgical techniques
have emerged since 2010, including the inverted
ILM flap technique, initially proposed for large
idiopathic MH and demonstrating a 98%
closure rate [7]. Subsequently, modifications
have been documented for highly myopic
MHRD, such as the temporal inverted ILM
flap technique [8], inverted ILM insertion [9],
macular plug (inverted ILM flap insertion with
blood coverage) [10], double or multiple free
ILM flap insertion [11, 12], and autologous
neurosensory retinal transplantation [13]. While
these advancements have shown promise in
improving MH closure and retinal reset rates,
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the evidence for their impact on best-corrected
visual acuity (BCVA) compared to ILM peeling
remains inconclusive, particularly regarding the
ILM insertion methods [14, 15]. Furthermore,
the range of potential materials for MH closure
has expanded beyond the ILM to encompass lens
capsular flaps (LCF) and amniotic membranes
[16, 17]. Notably, a significant limitation in our
current understanding is the predominance of
retrospective and case-series studies in this area.
Prospective randomized controlled trials are
warranted to definitively assess the efficacy of
these emerging techniques [16, 18].

Autologous blood derivatives, including
platelet-rich plasma (PRP) [19] and plasma
rich in growth factors [20], have been used for
an extended period as adjuvants during MH
surgery to promote closure [21, 22]. However,
the application of these therapies has been
limited by the complexity of their preparation
process and the requirement for a relatively large
blood volume (at least 9 ml) [23]. Platelet-rich
fibrin (PRF), introduced by Choukroun et al.
[24] as a second-generation platelet concentrate
tollowing PRP, offers a simpler and more cost-
effective approach. PRF preparation utilizes only
5 ml of a patient’s venous blood, centrifuged
without anticoagulants, resulting in a flexible
solid that can be compressed into a membrane.
This PRF membrane facilitates sustained and
controlled release of growth factors, aiding
tissue healing [25]. Due to these advantageous
characteristics, PRF has gained widespread
adoption across various surgical disciplines,
including oral and maxillofacial surgery, and in
broader regenerative medicine applications [26].
In the context of retinal diseases, PRF utilization
remained limited until 2019, when Koytak et al.
[27] reported successful closure of refractory MH
in two patients treated with PRE. Our prior case
series investigation also demonstrated a 100%
MH closure rate and improved BCVA following
PRF grafting for large MH [28]. These findings
provide a compelling rationale for investigating
the efficacy of PRF in the treatment of highly
myopic MHRD.

A comprehensive review of the existing
literature revealed no prior investigations into
the application of PRF for the treatment of
highly myopic MHRD. This study, therefore,

aimed to evaluate the effectiveness of PRF
membrane transplantation, in conjunction with
silicone oil (SO) tamponade, compared to the
established surgical approach of ILM peeling, in
the management of patients with highly myopic
MHRD.

METHODS

Study Design

This investigation was designed as a randomized,
prospective, and controlled clinical trial
conducted at the Eye Center, Renmin Hospital
of Wuhan University, China. The study
protocol was registered at www.clinicaltrials.
gov under the identifier NCT06200727 and
received approval from the Clinical Research
Ethic Committee of Renmin Hospital of Wuhan
University, adhering to the principles outlined
in the Declaration of Helsinki. Written informed
consent was obtained from all participating
patients.

Patients diagnosed with highly myopic
MHRD were recruited between January 2022
and October 2023. In this study, participants
undergoing PPV surgery were randomly allo-
cated in a 1:1 ratio to either the conventional
ILM peeling group (IP group) or the PRF mem-
brane transplantation group (PMT group) using
a simple randomization method with a table of
random numbers. According to previous litera-
ture relevant to this study, MH closure rates of
93% and 50% were expected in the PMT and IP
groups, respectively [6, 28, 29]. For the power
calculation, assuming a power of 90% and a
significance level (alpha) of 0.05, a sample size
of 18 patients per group was determined. To
account for 20% potential participant dropout,
the total number of patients recruited per group
was increased to 21. This resulted in a total of
42 patients enrolled in the study. All patients
completed the follow-up period, except for two
individuals in the IP group who withdrew from
the study prematurely (Fig. 1).
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Assessed for eligibility (n=77)

Excluded (n= 35)
_|® Not meeting the inclusion criteria or
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exclusion criteria
e Poor pre-operative image quality

1: 1 Randomized (n= 42)

Y

Conventional ILM peeling group
(n=21)

A 4

e Lost to follow up (n=0)
¢ Dropped out halfway (n=2)

A 4

Analysed (n=19)
Excluded from analysis (n= 0)

Fig. 1 Study flowchart

Inclusion and Exclusion Criteria

This study recruited patients meeting the
following inclusion criteria: (1) patients that
were highly myopic between 18 and 90 years
old, defined as having spherical equivalent
refractive error of<-6.00 diopters and/or axial
length (AL)226.00 mm; (2) confirmed MHRD
by optical coherence tomography (OCT); (3)
minimal proliferative vitreoretinopathy (PVR)
grade of less than D1; and (4) minimal MH
diameter exceeding 400 pm.

Patients were excluded if they presented with:
(1) combined peripheral retinal tears outside
the macula; (2) coexisting ocular diseases such
as glaucoma, uveitis, or diabetic retinopathy;
(3) a history of previous fundus surgery; (4)
serious underlying systemic co-morbidities; or

A

PRF membrane transplantation group
(n=21)

A

e Lost to follow up (n=0)
¢ Dropped out halfway (n=0)

A 4

Analysed (n=21)
Excluded from analysis (n= 0)

(5) a positive preoperative evaluation for any
infectious indicator.

Patient Assessment

Prior to surgery, all patients underwent a com-
prehensive preoperative evaluation encom-
passing a detailed medical history review,
systemic examination, and ophthalmological
assessment. The ophthalmological evaluation
included measurement of BCVA in decimal
units (converted to logarithm of the mini-
mum angle of resolution (logMAR) for statis-
tical analysis), intraocular pressure (IOP), AL
using A/B-ultrasound (SW-2100, Tianjin Suo-
wei Electronic Technology Co., Ltd, Tianjin,
China), ultra-widefield scanning laser ophthal-
moscopy (Daytona, Optos, Inc., Marlborough,
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MA, USA), and minimal MH diameter using
OCT (AngioVue Optovue, Fremont, CA, USA).
For patients with BCVA limited to counting
fingers, hand movements, or light perception,
logMAR values were assigned based on estab-
lished literature: 1.85 for counting fingers, 2.3
for hand movements, and 2.6 for light percep-
tion [30]. Additionally, the Angio Retina Quick-
Vue 3 mm x 3 mm mode of optical coherence
tomography angiography (OCTA) (AngioVue
Optovue, Fremont, CA, USA) was utilized to
quantify whole superficial vascular density
(SVD) and deep vascular density (DVD).

PRF Membrane Preparation

PRF membrane preparation adhered to the
protocol established by Choukroun et al. [24].
Firstly, prior to entering the operating room, a
5-ml blood sample was obtained from the ante-
cubital vein using a sterile blood collection tube
devoid of anticoagulant or bovine thrombin.
Secondly, the blood sample was then immedi-
ately centrifuged at 3000 rpm for 10 min using
a table-top centrifuge (DMO421, Scilogex, Rocky
Hill, CT, USA) on the ward (or in the operating
room and laboratory where low-speed centrifuge
is available). Centrifugation resulted in the for-
mation of a PRF clot situated within the middle
of the collection tube, positioned between the
sedimented red corpuscles at the bottom and
the acellular plasma layer at the top (Fig. 2a,
b). Thirdly, employing sterile forceps within
the operating room, the PRF clot was meticu-
lously extracted from the red blood cell layer.
The excess red blood cells were removed, retain-
ing only the PRF fraction (Fig. 2c). Finally, the
PRF clot was transferred to a PRF box (A17-0930,
Pearson Dental, Sylmar, CA, USA) sterilized to
operating room standards, and compressed for
5 min to yield the final PRF membrane (Fig. 2d,
e). Throughout the entire procedure, rigorous
principles of aseptic technique were maintained.

Surgical Procedure

All surgeries were performed using a standard
23-gauge PPV system (Constellation Vision
System, Alcon Laboratories, Inc., Fort Worth,

E Acellular plasma 3

PRF clot

Red corpuscle base

Fig.2 Preparation of the platelet-rich fibrin (PRF) mem-
brane. a, b PRF is centrifuged into three layers, with an
acellular plasma in the top-most layer, PRF clot in the mid-
dle, and a red corpuscle base at the bottom. ¢ Cutting out
excess red corpuscles. d The PRF box is compressing the
PRF clot. e The PRF membrane is obtained after a 5 min-

compression

TX, USA) by the same experienced vitreoreti-
nal surgeon (Dr. Lei Du) under local anesthesia.
Cataract surgery was performed when needed.
Following complete removal of the posterior
vitreous cortex or epiretinal membrane, sub-
retinal fluid (SRF) was carefully drained from
the MH. Subsequently, the ILM was stained
with indocyanine green (ICG) (2.5 mg/ml, ICG,
Dandong Yichuang Pharmaceutical Co. Ltd,
Liaoning, China) for 30 s as an adjunct for vis-
ualization. In the IP group, the ILM was then
completely removed within the arcade vessels,
utilizing heavy water if necessary. Finally, after
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a thorough fluid-air exchange, SO was slowly
injected into the vitreous cavity to achieve nor-
mal IOP.

In the PMT group, following ILM peeling to
the margins of the arcade vessels, trimming of
the PRF clot commenced (see Video 1 in the elec-
tronic supplementary material for details). Nota-
bly, either surface of the PRF graft was suitable
for apposition with the RPE. To ensure stability
during the subsequent fluid-air exchange, the
PRF was trimmed into a plug-shaped implant.
This implant possessed a slightly larger diameter
at its superior aspect compared to the edge of
the MH and narrower at the bottom. Addition-
ally, gently cocking the MH edges using ILM for-
ceps to create a subretinal space for graft place-
ment can be employed, this step is optional. The
PRF implant was then delivered atraumatically
through the ILM forceps into the vitreous cav-
ity and meticulously positioned onto the retinal
surface in proximity to the MH. Subsequently,
gentle pressure was applied to introduce the PRF
into the MH, where the PRF implant could be
held in the MH by the edge of the MH, thereby

preventing displacement during the fluid-air
exchange (Fig. 3). Notably, no instances of PRF
displacement were observed intraoperatively
within our patient cohort. Following a thorough
fluid-air exchange, SO was injected into the vit-
reous cavity to achieve normal IOP. Postopera-
tively, all patients were instructed to maintain
a prone positioning for a minimum duration of
1 month.

Outcome Measures

All patients were followed up postoperatively
at 1 week, 1 month, 3 months, and 6 months.
At each follow-up visit, patients underwent a
comprehensive ophthalmological examination
identical to the preoperative assessment. Nota-
bly, OCTA was only performed at the 6-month
follow-up visit. The primary outcome measure of
this study was to compare the rates of MH clo-
sure at the 6-month follow-up. The final statisti-
cal analysis was conducted by comparing preop-
erative data with data collected at the 6-month

Fig.3 Surgical procedure for platelet-rich fibrin (PRF)
membrane transplantation. a Staining of the internal lim-
iting membrane (ILM) with indocyanine green (yellow
arrows highlight the macular hole (MH)). b Peeling of the
ILM using forceps. ¢ Delivery of the PRF graft to the vit-

reous cavity (white arrows indicate the PRF membrane). d
Placement of the PRF on the retinal surface near the MH.
e Gentle pressure was applied to introduce the PRF into
the MH. f The PRF graft remains stable during the fluid-

air exchange
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follow-up visit. Secondary outcome measures
included the assessment and comparison of
BCVA, central retinal thickness (CRT), rate of
retinal reattachment, SVD, DVD, and any com-
plications encountered during the study period.

Statistical Analysis

Statistical analyses were performed using IBM
SPSS Statistics for Windows, version 26.0 (IBM
Corp., Armonk, NY, USA). Intergroup compari-
sons for continuous variables were conducted
using unpaired Student’s t tests. Categorical
variables were analyzed using chi-squared tests
or Fisher’s exact tests, as appropriate, based on
sample size considerations. To evaluate changes
in BCVA and CRT within each group over time, a
repeated-measures analysis of variance (ANOVA)
was employed. Significant main effects from the
ANOVA were followed by post hoc comparisons
using the Bonferroni correction for multiple
comparisons. A two-tailed P value of less than
0.05 was considered statistically significant.

RESULTS

Forty patients (40 eyes) completed the 6-month
postoperative follow-up, with 19 eyes in the IP
group and 21 eyes in the PMT group. Baseline
demographic characteristics (age, gender,
and operated eye), along with ophthalmic
parameters including 1I0P, BCVA, CRT, lens
status, the time to SO removal post-surgery, and
the observation period following SO removal,
were comparable between the two groups
(Table 1).

Anatomical Outcomes

MH closure and retinal reset. The primary out-
come measure of this study was the rate of MH
closure at the 6-month follow-up visit. The
mean follow-up duration for the IP group was
6.11+0.17 months, and for the PMT group, it
was 6.17+£0.11 months (P=0.230). The closure
rate in the IP group was 78.95% (15 of 19 eyes)

at 6 months, while the PMT group achieved a
closure rate of 100.00% (21 of 21 eyes). This sig-
nificant difference between groups was observed
with a p value of 0.042 (detailed results pre-
sented in Figs. 4 and 5). Notably, all patients
experienced retinal reattachment, regardless of
the treatment group (Table 2). Of the four indi-
viduals in the IP group who did not achieve MH
closure, two patients discontinued further treat-
ment for personal reasons, while the other two
are currently undergoing treatment with PRF
membrane and are being monitored. Although
the MH closure rate in the IP group did not
reach 100%, complete retinal reattachment was
achieved in all cases (Fig. 6).

CRT alteration. CRT measurements were con-
sistently higher in the PMT group compared to
the IP group at all postoperative follow-up vis-
its (Table 3). Statistically significant differences
were observed at 1 week (P<0.001), 3 months
(P=0.002), and 6 months (P=0.002) postopera-
tively. Notably, CRT did not differ significantly
between the groups at the 1-month follow-up
visit (P=0.214). Over the follow-up period, both
groups demonstrated a significant decrease
in CRT compared to baseline measurements
(P<0.001 for all time points) (Fig. 7a). This rapid
decrease in CRT was evident in both groups at 1
week. The IP group exhibited a minimum CRT
value of 171.16+4.39 ym at 3 months, whereas
the PMT group achieved a minimum CRT value
of 179.00+3.15 pm at 1 month.

Retinal vascular density outcomes. At the
6-month follow-up, the PMT group demon-
strated significantly higher mean SVD compared
to the IP group (39.16+5.18% vs. 43.21+2.32%,
P=0.002). Similarly, the PMT group exhibited
a significantly higher mean DVD compared to
the IP group (41.97+4.86% vs. 45.55+£3.75,
P=0.013) (Table 2).

Visual Outcomes

In both groups, statistically significant differ-
ences in BCVA were observed across all postop-
erative time points when compared to baseline
(P<0.01), with the exception of one week post-
operatively in the IP group (P=0.346, Fig. 7b).
No significant difference in BCVA was found
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Table 1 Bascline characteristics of the two groups

Characteristic IP group PMT group r
n 19 21
Age, years, mean + SD 56.63+6.82 58.43+5.86 0.857
Gender, 7 (%)
Male 7 (37) 7(33) 1.000
Female 12 (63) 14 (67)
Eye of MHRD, 7 (%)
Right 9 (47) 10 (48) 1.000
Left 10 (53) 11(52)
Lens status, 7 (%)
Phakic 18 (95) 18 (86) 0.607
Pseudophakic 1(5) 3 (14)
AL, mm 29.00+1.59 28.95+1.56 0.925
Minimal diameter of MH, pm, mean + SD 651.75+£178.15 639.86+174.18 0.540
Removing SO, days, mean + SD 87.79+£13.50 85.48 + 18.47 0.657
Observation period following SO removal, days, 95.63+15.24 98.57+19.10 0.596
mean + SD
BCVA, logMAR, mean + SD 1.86+0.38 1.87+0.43 0.938
IOP, mmHg, mean + SD 14.51+3.65 13.14+2.96 0.199
CRT, pm, mean + SD 488.16+39.80 495.95+25.56 0.867
PVR grade, 7
A 5 5
B 7 9
Cl 2 3
C2 2 1
C3 3 3
D1 0 0
D2 0 0
D3 0 0

IP ILM peeling, PMT PRF membrane transplantation, MHRD macular hole retinal detachment, AL axial length, MH
macular hole, SO silicon oil, BCVA best-corrected visual acuity, logM AR logarithm of the minimum angle of resolution, JOP
intraocular pressure, CRT central retinal thickness, PVR proliferative vitreoretinopathy, SD standard deviation
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Fig.4 Fundus photographs and optical coherence tomog-
raphy (OCT) images following platelet-rich fibrin (PRF)
membrane transplantation and silicone oil tamponade for
macular hole retinal detachment (MHRD) in a 53-year-
old male with high myopia. a, b Preoperative fundus pho-
tograph and OCT image show MHRD and the minimum
diameter of macular hole (MH) is 1030 pm. The blue boxed
line indicates the location of the OCT raster. ¢, d 1-week

between the two groups at 1 week postopera-
tively (P=0.203, Table 3). However, BCVA in the
PMT group was significantly higher compared
to the IP group at 1 month postoperatively
(P=0.032). This trend of superior BCVA in the

follow-up fundus and OCT photograph showed that reti-
nal reset and unabsorbed PRF membrane (as indicated by
yellow arrow). New tissue formation (white arrow) is bridg-
ing the edges of the MH on the PRF graft. e, f Fundus pho-
tograph and OCT image at 1 month show a closed MH.
g h A 3-month follow-up fundus photograph and OCT
image. i, j A 6-month follow-up fundus photograph and
OCT image

PMT group persisted at 3 months (P=0.025) and
6 months (P=0.040) postoperatively.
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Fig.5 Follow-up images of a 55-year-old female patient
with macular hole retinal detachment (MHRD) in highly
myopic after internal limiting membrane (ILM) peeling
and silicone oil tamponade. a,b Preoperative fundus pho-
tograph and optical coherence tomography (OCT) image
showing MHRD and the minimum diameter of macular
hole (MH) was 536 pm. The blue boxed line indicates the
location of the OCT raster. ¢,d 1-week follow-up fundus
and OCT photograph showing a reattached retina with

Safety Outcomes

Several complications were observed during the
follow-up period. These included IOP changes,
corneal edema, and SRF. All instances were
resolved or normalized following appropriate

exposed retinal pigment epithelium (RPE) layer (indicated
by the white arrows). e, f Fundus photograph and OCT
image at 1-month follow-up depict persistent exposure of
the RPE layer. g, h Fundus photograph and OCT image
at 3-month follow-up demonstrate slight improvement in
the exposed RPE layer. i, j Fundus photograph and OCT
image at 6-month follow-up show retinal reattachment and
closure of the MH

symptomatic treatment. SO emulsification and
cataract formation were addressed through SO
removal and cataract extraction surgery. Nota-
bly, there were no statistically significant dif-
ferences in the frequency of complications
between the two groups (Table 4). Regarding the
PRF membrane grafts, complete absorption was
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Table 2 Anatomical outcomes after surgery and in both groups

Characteristics IP group PMT group P

n 19 21

MH closure, 7 (%) 15 (78.95) 21 (100.00) 0.042
Retinal reset, 7 (%) 19 (100.00) 21 (100.00) -

IOP, mmHg, mean + SD 14.02+2.96 13.77+£1.95 0.737
SVD, %, mean+ SD 39.16+5.18 43214232 0.002
DVD, %, mean +SD 41.97 £4.86 45.55+3.75 0.013

Bold values indicated statistical significance

IPILM peeling, PMT PRF membrane transplantation, MH macular hole, JOP intraocular pressure, SVD superficial vascular

density, DVD deep vascular density, SD standard deviation

observed within the 6-months follow-up period.
In this respect, at the 1-week follow-up, none
of the grafts displayed complete dissolution.
However, by the 1-month follow-up, 14 grafts
had completely dissolved, with this number

Fig. 6 Preoperative and 6-month postoperative images
of a 58-year-old highly myopic female with macular hole
retinal detachment (MHRD) who underwent internal
limiting membrane peeling and silicone oil tamponade. a
The preoperative optical coherence tomography (OCT)
image revealed the presence of MHRD and a macular hole
(MH) with a minimum diameter of 463 pm. The blue tri-

increasing to 19 grafts by the 3-month follow-
up. Importantly, no serious complications such
as endophthalmitis, vitreous hemorrhage, or
choroidal bleeding, were encountered in either
group during or after surgery.

1200pm

angle indicates the location of the OCT raster. b The OCT
image taken 6-month follow-up revealed that the retina
had reset at the macula, but the minimum diameter of the
MH had expanded to 1200 um. ¢ The preoperative fundus
photograph showed MHRD. d Fundus photograph taken
6-month follow-up depicted a complete resolution of the
retinal detachment
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Table 3 Comparison of CRT and BCVA at pre-operative and each follow-up visit between the two groups

Characteristic ~ Group Pre 1-week 1-month 3-month 6-month
follow-up follow-up follow-up follow-up

CRT, um IP(n=19)  488.16+39.80 213.58+2.83  17321+334 171164439  188.47+645
(mean+SD)  pMT (n=21) 495.95+25.56 308.33+12.81 179.00+3.15  189.05+339  212.81+3.90

P 0.867 <0.001 0.214 0.002 0.002

BCVA,logMAR IP (=19)  1.86+038 1714031 1.57+0.33 134033 1.13+0.33
(mean+SD)  pyp 1.87+0.43 1.56+0.37 1.3540.29 1.09+0.23 0.94+0.22

(n=21)
P 0.938 0.203 0.032 0.025 0.040

Statistical comparison between internal limiting membrane peeling (IP) group and platelet-rich fibrin membrane
transplantation (PMT) group at each follow-up separately: one-way analysis of variance (ANOVA) for repeated measures
with Bonferroni correction for multiple testing (type I error alpha=0.05/5). Bold values indicate statistical significance

CRT central retinal thickness, BCVA best-corrected visual acuity, loghM AR logarithm of the minimum angle of resolution, SD

standard deviation, Pre preoperative
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Fig.7 Time profile of central retinal thickness (CRT) (a)
and best-corrected visual acuity (BCVA) (b) in the internal
limiting membrane peeling (IP) group and platelet-rich
fibrin membrane transplantation (PMT) group. Statisti-
cal comparisons between preoperative baseline and post-
operative follow-up time points were made using one-way
repeated measures analysis of variance (ANOVA) with

DISCUSSION

This randomized controlled trial investigated a
novel therapeutic approach for treating MHRD
in patients that were highly myopic. The study

(b)

2.5 —m—IP group
® PMT group

2.0

1.5

1.0

0.5 T T T T T

Pre 1w 1m 3m 6m
time

Bonferroni post hoc test for multiple comparisons. Aster-
isks (*) and number signs (#) indicate significant differ-
ences in the IP and PMT groups, respectively, compared
to the preoperative baseline. Significance levels: **P < 0.01;
**P<0.001; ** P<0.001. Pre, preoperative; 1w, 1-week
follow-up;1 m, 1-month follow-up; 3 m, 3-month follow-
up; 6 m, 6-month follow-up

compared the effectiveness of PRF membrane
transplantation with the established surgical
technique of ILM peeling. Postoperative ana-
tomical and visual function outcomes, as well
as complication rates, were assessed in both
groups.
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Table 4 Complications during follow-up in both groups

Group Low IOP # (%) High IOP Corneal edema Cataracts SO emulsification SRF
n (%) n (%) n (%) n (%) n (%)
IP (n=19) 1(5) 4(21) 5 (26) 7 (37) 6(32) 7 (37)
PMT (n=21)  2(10) 2 (10) 4(19) 9 (43) 7 (33) 4
(19)
P 1.000 0.398 0.712 0.698 0.906 0.293

IP internal limiting membrane peeling, PMT platelet-rich fibrin membrane transplantation, JOP intraocular pressure, SO

silicone oil, SRF subretinal fluid

While research on the application of blood
products for treating MH with retinal detach-
ment in highly myopic eyes remains limited
compared to non-detached MH, existing stud-
ies using blood products for MH treatment offer
promising results. Notably, investigators have
explored the use of inverted ILM flap inser-
tion combined with blood coverage to manage
MHRD in that were highly myopic, achiev-
ing improved MH closure rates and BCVA [31,
32]. These findings suggest that blood-derived
growth factors potentially promote hole closure,
and blood products may mitigate the potential
toxic effects of ICG on retinal tissue [33]. How-
ever, a risk associated with autologous blood
use is leakage into the subretinal space before
coagulation. PREF, a solid blood derivative, offers
advantages in terms of simpler preparation and
potentially improved safety compared to whole
blood. Consequently, PRF transplantation pre-
sents a potentially superior alternative to the
ILM peeling, insertion, and covering technique
by eliminating the potential for ICG-related reti-
nal toxicity and minimizing the risk of anterior
retinal fluid draining into the sub-retina.

A recent prospective interventional case
series investigated the use of PRP injection for
the treatment of eyes with MH and RD [34].
Although the study demonstrated consistent
MH closure throughout the 2-year follow-up
period, one eye experienced recurrent RD due
to the reopening of a previously PRP-blocked
retinal tear. Interestingly, Parisi et al. [35]
reported a similar case of coexisting recurrent
RD with persistent MH closure following PRP
injection. These findings raise concerns about a
potential mechanism by which PRP may induce

biomechanical alterations at the retinal level.
The injection of PRP into the MH as a liquid
may result in the adherence of the PRP to the
opposing edges of the MH during the subse-
quent solidification process, thereby creating a
tensile force. In this context, speculation exists
that PRP-mediated contraction of the MH could
inadvertently propagate traction forces to the
peripheral retina, thereby increasing the risk of
secondary retinal tears.

In the present study, the PMT group achieved
a 100% rate of MH closure. The IP group
achieved a retinal reattachment rate of 100%
and an MH closure rate of 78.95%, which fell
within the upper-middle range reported in
previous studies using conventional ILM peeling
[5, 36]. Notably, there were no instances of MH
reopening, peripheral retinal breaks, or RD
recurrence observed in the PRF-treated group
during the follow-up period. One potential
mechanism for the observed efficacy of PRF may
be related to the solidification process. Unlike
liquid PRP, PRF does not contain anticoagulants
and forms a solid structure after centrifugation.
This PRF membrane was then trimmed and
molded into a plug shape specifically designed
to fit the dimensions of the MH, with a wider
top and a narrower base. This configuration
allows the PRF to contact, rather than adhere
to, the opposing edges of the MH. In the PMT
group, we observed new tissue initiating MH
closure by migrating across the PRF scaffold
from both ends. The solid PRF structure is
composed of thick fibrin bundles with a rough
surface, creating a complex fibrin network that
serves as a scaffold for MH healing. Additionally,
the fibrin network contains a significant number
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of platelets, a smaller number of leukocytes,
and circulating stem cells. These components
are known to steadily release a variety of
cytokines and growth factors, potentially
promoting the proliferation and migration
of Miiller cells [37, 38]. Ultimately, the PRF
membrane is gradually absorbed and replaced
by retinal tissue. While the precise mechanisms
underlying PRF-mediated MH healing require
further investigation through basic science
experiments, it is possible that in highly myopic
retinas experiencing high levels of tension, the
specific properties and placement of the PREF,
combined with its resorption characteristics,
may not exacerbate retinal traction, potentially
reducing the risk of peripheral retinal tears.

In highly myopic eyes, the combination
of a long AL and a retinal architecture that is
deficient in resilience can lead to a compromised
adhesion between the retinal neuroepithelial
layer and the RPE layer. This can manifest as an
MH, which allows fluid from the vitreous cavity
to pass through and accumulate subretinally,
separating the neuroepithelium from the RPE
and forming MHRD [1]. Consistent with these
pathological mechanisms, both groups exhibited
elevated CRT values preoperatively.

Throughout the follow-up period, a pattern
of decreasing CRT was observed in both groups.
Notably, the CRT demonstrated a rapid decline
during the first postoperative week compared
to baseline. This initial decrease was followed
by a sustained reduction, with the CRT in the
IP group reaching its nadir before a gradual rise
beginning in the third postoperative month.
The PMT group exhibited a similar pattern,
with the CRT reaching its lowest point and
beginning to increase 1 month postoperatively.
To our knowledge, this specific postoperative
CRT trend has not been previously reported in
the literature for patients with MHRD. While the
precise mechanisms underlying this observed
trend remain unclear, we posit that the findings
may be partially explained by the “hydration
theory” proposed by Tornambe et al. [39].
In MHRD, exposure of the retina to vitreous
fluid can lead to retinal edema and a resultant
increase in CRT. Following surgery, the vitreous
is replaced with SO, and the PRF membrane
in the PMT group serves as a physical barrier,

effectively eliminating the SRF and leading to
a rapid decrease in CRT. However, a potential
delay in the resolution of retinal edema could
contribute to the continued decrease in CRT as
edema subsides. Additionally, in the PMT group,
the gradual absorption of the PRF graft may
also play a role in the observed CRT changes.
Ultimately, as the MH heals, the CRT is expected
to gradually return towards normal values.

During the course of retinal reset and MH
closure, there was retinal vascular remodeling,
metabolic restoration, and resorption of
perifoveal cystoid cavities. These processes
culminated in the progressive recovery of both
blood perfusion and BCVA [40, 41]. However,
preoperative assessment of blood flow density
using OCTA may be hindered by the presence of
macular detachment and significantly reduced
visual acuity [42]. This limitation persists
despite efforts to mitigate it, such as excluding
poor-quality images, employing the whole
blood flow density measurements within the
designated area, and, in some cases, performing
multiple measurements. Caporossi et al. [43]
demonstrated a strong correlation between
postoperative blood flow density and BCVA
in patients with highly myopic MHRD. In our
study, with all 40 patients achieving retinal
reintegration, we compared the blood flow
density between the two groups at 6 months
postoperatively. We observed that both SVD and
DVD were significantly higher in the PMT group
compared to the IP group, potentially signifying
the benefit of PRF treatment in terms of retinal
blood flow density restoration.

While no PRF-related complications were
observed in our study, a discussion of potential
adverse events is warranted. PRF contains leu-
kocytes that secrete cytokines, which not only
regulate cell growth but also release inflam-
matory mediators, including interleukin-1p,
interleukin-6, tumor necrosis factor-a, and
vascular endothelial growth factor [44]. These
factors play a complex role, exhibiting both
anti-infective properties and promoting tissue
healing through modulation of inflammation
and angiogenesis [45, 46]. However, excessive
inflammation and neovascularization are poten-
tial complications associated with PRF use. PRF
exhibits a relatively short resorption time. The
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transient nature of PRF within the fundus may
explain the absence of these complications in
our study. In a comparable investigation, Chen
et al. [47] employed an amniotic membrane
as an inlay for MH repair in patients that were
highly myopic. They reported that the amni-
otic membrane persisted for up to 12 months
postoperatively without compromising BCVA
recovery. Conversely, the biodegradability of
LCF grafts remains unestablished [17, 48, 49].
Our findings demonstrated a 90.48% resorption
rate of PRF by the third month postoperatively,
with complete resorption observed in all eyes by
6 months. These results confirm the intraocular
absorption of PRF, the absorption property cor-
roborated by studies in various other disciplines
[50, 51].

PRF preparation is a straightforward process,
and the subsequent surgical procedure imposes
less technical demands on the surgeon. Fol-
lowing centrifugation, the PRF clot can be con-
veniently compressed into a membrane form
between two sterile gauze pads, eliminating
the need for specialized PRF processing tools.
A crucial step involves trimming the PRF mem-
brane into a plug-shaped implant. This implant
should be slightly larger than the MH at the top
and slightly narrower at the bottom, thereby
reducing the probability of displacement duz-
ing fluid-air exchange. The ample volume of
the prepared PRF allows for repeated trimming
to achieve the desired configuration. Notably,
PRF offers a valuable surgical modality for the
management of challenging cases, including: (1)
Recurrent MHRD, highly myopic MHRD, and
Alport syndrome, where ILM acquisition may be
particularly difficult [52]. (2) LCF transplantation
is not a feasible option in cases where there is no
anterior LCF and calcification of the posterior
LCF in intraocular lens eyes. (3) Amniotic mem-
brane transplantation is not a financially viable
option. However, rigorous preoperative pathogen
screening and meticulous aseptic technique are
paramount throughout the procedure.

Our study is subject to several limitations
that warrant consideration. First, the sample
size employed was relatively modest, and the
follow-up period was brief. It is well established
that the restoration of visual function and ana-
tomical features in MHRD can be a protracted

process, and this extended timeframe was not
fully captured within the scope of this investi-
gation. Second, the study design focused solely
on the assessment of BCVA, neglecting a com-
prehensive evaluation of visual function. An
analysis of retinal sensitivity using techniques
such as electroretinography and microperimetry
was not incorporated. Third, while PPV com-
bined with ILM peeling represents the current
standard surgical approach, the variable rate of
MH closure presents a challenge in definitively
attributing all observed benefits to the ILM peel-
ing procedure. It is possible that a simple PPV
with ILM peeling may not preserve the benefits
of the patients in the IP group. Future studies
may benefit from including an intervention
arm where ILM is inserted or transplanted, or
where other materials are employed, as a control
group. Finally, it is important to acknowledge
that the generalizability of our findings may be
limited, as all surgeries were performed by a sin-
gle, highly experienced physician. The outcomes
achieved by less experienced surgeons were not
evaluated within this study design.

CONCLUSIONS

In summary, this study demonstrates the efficacy
and safety of PRF membrane transplantation
for treating MHRD in patients that were highly
myopic. Compared to conventional surgical
ILM peeling, PRF transplantation resulted in
superior outcomes in terms of MH closure rates,
BCVA, retinal thickness, and retinal blood flow.
Notably, this approach was not associated with
any additional complications. To further solidify
these promising findings, future multicenter
randomized controlled trials with larger patient
cohorts, extended follow-up durations, and
more comprehensive ophthalmic examinations
are warranted.
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