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Abstract

Purpose: Exploring the therapeutic effect of autologous blood combined with temporal inverted internal limiting mem-

brane (ILM) flap technique.

Methods: This retrospective study includes patients with macular holes (MH) with a minimum diameter exceeding 400 pm
or high myopia MH. The autologous blood combined with the temporal inverted ILM flap technique (temporal group) was
applied to 14 eyes, and the autologous blood combined with the inverted ILM flap technique (classic group) was applied to
15 eyes.

Results: Both groups demonstrated improvement in BCVA. There was no difference in EZ/ELM repair rate between the
two groups (P = 0.05). However, the incidence of complications was lower and U/V closure rate was higher in the temporal
group (P = 0.001, P = 0.03). Additionally, one case of "flap closed" persisted for more than three months. In the temporal
group, the thickness of the retina outside the macular fovea by 1.5-3 mm did not significantly decrease, while a decrease was
observed in the classic group. The average follow-up duration for the two groups was 2.86 + 1.4 months and 3.86 + 1.6

months, respectively (P = 0.09).

Conclusion: The method of combining autologous blood with an inverted ILM flap technique for treating large diameter
MH or HM-associated MH demonstrates a lower incidence of complications compared to the classical inverted ILM flap

technique and can achieve good visual and anatomical recovery after surgery. "Flap closed" may represent the final state of

MH closure. Furthermore, the temporal inverted ILM flap technique appears to have a relatively small impact on retinal
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thickness.
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Background

The standard therapy for small-sized macular
holes (MHs) (< 400 pm) is vitrectomy with internal limiting
membrane (ILM) peeling, achieving a closure rate exceed-
ing 90% with good functional outcomes. However, large (>
400 pm in diameter), chronic, and persistent MHs pose chal-
lenges for surgeons, as increasing hole size is associated
with lower closure rates and poorer functional outcomes
[1]. According to reports, the closure rate for full-thickness
MHs (FTMHs) with a diameter greater than 400 pm ranges
between 50% and 75% [2-3]. The inverted ILM flap tech-
nique can prevent a flat and open appearance of the MH
postoperatively and improve both functional and anatomi-
cal outcomes in MHs larger than 400 pm. Compared with
standard surgery, the use of the inverted ILM flap technique
results in better restoration of the foveal anatomical struc-
ture and visual improvement, with a closure rate of up to
98% [3]. Multiple studies have reported similar favorable
outcomes and have further extended the application of this
technique to highly myopic (HM) MHs [4-6].

However, large-area ILM peeling can lead to a re-
duction in retinal correspondence sensitivity thresholds
[7-8]. Additionally, 360-degree ILM peeling poses risks
such as flap loss. Michalewska et al. [9] attempted to im-
prove the technique by reducing the area of ILM peeling
and termed this modified surgery the "temporal inverted
ILM flap technique". This technique is less complex and
achieves hole closure rates and visual prognosis similar to
the classic inverted flap technique. The unpeeled nasal ILM
is more likely to restrict retinal displacement towards the op-

tic disc, potentially facilitating hole closure [10].
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Nevertheless, there is no unified standard for the
size range of peeled ILM, and further comparison with tradi-
tional surgical techniques is necessary to assess postopera-
tive glial proliferation and changes in retinal thickness. To
reduce reoperations caused by flap displacement, some sur-
geons utilize adjuvants such as viscoelastic agents and per-
fluorocarbon liquid (PFCL) [11-16]. However, using these
materials may increase surgical costs and pose additional
complications, such as PFCL residue. Autologous blood is
also a commonly used adjuvant. Compared to other poten-
tial blood components such as platelets, plasma, or serum,
fresh blood is more visible and may be easier to handle dur-
ing application [17-18]. Moreover, no additional proce-
dures or instruments are required to process fresh blood.
Currently, there are limited reports on the application of au-
tologous blood-assisted temporal flap techniques. There-
fore, this study aims to evaluate the efficacy of autologous

blood combined with the temporal flap in treating MHs.

Methods

This retrospective case-control study analyzed pa-
tients with MHs treated in our department since March
2020 to November 2024.All surgical procedures are per-
formed by an experienced surgeon under local anesthesia.

The inclusion criteria were as follows:

Minimum MH diameter > 400 um or HM with
MHs. Eyes with HM macular degeneration were not exclud-
ed. The exclusion criteria included a history of glaucoma,
proliferative diabetic retinopathy or diabetic macular ede-
ma, age-related macular degeneration, submacular neovas-

cularization, and other ocular diseases that could affect the

J Ophthalmol Open Access 2025 | Vol 9: 104



visual assessment during postoperative follow-up.

The two datasets were independent and character-
ized by small sample sizes. Statistical analysis included the
following: Categorical variables: Chi-square tests or indepen-
dent t-tests; and continuous variables: Independent t-tests
or Mann-Whitney U tests based on data distribution. All
analyses were performed with Statistical Package for the So-
cial Sciences software (version 23; IBM Corporation, Ar-
monk, NY, USA), with statistical significance defined as
two-tailed (P < 0.05).

Surgical techniques include the classic inverted
ILM flap technique and the temporal inverted ILM flap tech-
nique. The classic group, treated with the inverted ILM flap
technique, included 14 patients (15 eyes). The temporal
group, treated with the temporal inverted ILM flap tech-
nique, consisted of 13 patients (14 eyes).All patients under-
went a complete ophthalmic evaluation, including best-cor-
rected visual acuity (BCVA) using the Snellen chart, slit
lamp examination, fundus examination, and optical coher-
ence tomography(OCT).The patient is required to schedule
follow-up visits 1 week, 1 month, 3 months, and 6 months
after surgery, However, due to various reasons, we were un-
able to collect complete data for all these time points. There-
fore, we uniformly used data from postoperative follow-ups
beyond 3 months for analysis. The surgical method fol-
lowed was basically the same as that reported by Michalews-
ka [9]. In the classic group, the ILM peeling range was a cir-
cular radius of 2-disc diameter (DD) around the MH, and
vitrectomy probes were used to trim the ILM flaps. In the
temporal group, the ILM flap diameter was selected as 1.5-2
DD. The dye used for staining was 0.25% indocyanine
green, and autologous blood was used as an adjuvant for
ILM flap fixation. Using a retrobulbar needle, apply 2-3
drops of blood to stabilize the ILM flap. Wait 10-20 seconds
for blood coagulation, then initiate the fluid-air exchange.
The infusion valve does not need to be closed. In the tempo-
ral group, 5 eyes received air and 9 eyes received C3F8 as

the tamponade agent. In the control group, 6 eyes received
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air, 6 eyes received C3F8, and 3 eyes received silicone oil as
the tamponade agent. Silicone oil was removed at 2 months

postoperatively.

Patients with cataracts underwent simultaneous ca-
taract surgery. Patients who undergo combined cataract
and vitreoretinal surgery typically have more advanced ca-
taracts. Postoperative visual acuity in these cases more accu-
rately reflects the true surgical outcomes because the catarac-
t—a major confounding factor—has been eliminated. In
contrast, patients who undergo vitreoretinal surgery alone
usually have milder cataracts that do not significantly inter-
fere with surgical visualization or postoperative visual recov-
ery. Hence, cataract surgery is not performed concurrently.
However, when cataract extraction is combined with vitreo-
retinal surgery, the postoperative visual outcomes provide a
more reliable assessment of the retinal procedure’s efficacy,

as optical media opacities are no longer a limiting factor.

One eye had an artificial lens before surgery, and
no lens opacity was observed in the remaining transparent
lenses during follow-up. All surgeries were performed using
a 23G glass cutting system (Stellaris PC, Bausch & Lomb).
The optical coherence tomography imaging was conducted
using the RS-30001ITE, NIDEK. The minimal diameter was
defined as the shortest distance between the edges of the
MH with OCT caliper.

Ethics approval was not required for this study as
itinvolved a retrospective analysis of deidentified clinical da-
ta obtained from routine surgical procedures without pa-
tient intervention or privacy concerns. All patients signed

an informed consent.

Results

Three eyes with HM MH and retinal detachment
(one case in the temporal group filled with gas and two cas-
es in the classic group filled with silicone oil and silicone oil
removed after two months) were included. The preopera-

tive baseline data is summarized in Table 1.
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Table 1: Preoperative baseline data outcomes

Temporal Group Classic Group P value
NO. of patients, n 13(14eyes) 14(15eyes)

Age(years),meant+SD 61.85+8.14 61.43+10.13 0.91°
Gender(female), n(%) 8(57.14%) 10(71.43) 0.86"
Preoperative BCVA (log MAR) 1.08+0.37 1.29+0.61 0.33°

Minimum MH(pm) ,mean+SD 605.00+167.23 578.50+81.64 1°
Maximum MH(pm) ,mean+SD 1202.78+442.21 987.50+547.40 0.91°
High myopia, n(%) 2(14.29%) 4(26.67%) 0.18"
Follow-up time(month) ,mean+SD 2.86+1.4 3.86x1.6 0.09°
Combined operation rate, n(%) 8(57.14%) 7(46.67%) 0.34°

BCVA=best corrected visual acuity, log MAR=logarithm of the minimum angle of resolution, MH=macular hole

a T-test, bChi-square test, cMann-whitney U test

The postoperative observation indicators include
BCVA, hole closure rate, macular contour, photoreceptor
(ellipsoid zone/external limiting membrane (EZ/ELM)) re-
covery, macular thickness, and postoperative complications.
The postoperative macular contour is classified based on
OCT into different categories: U-shaped, V-shaped, W-
shaped (irregular morphology), flat closed, flat open, and

"flap closed" morphology [19]. There was a statistically signi-
ficant change in BCVA in the temporal group before and af-
ter surgery (P = 0.04), whereas the classic group did not ex-
hibit a statistically significant change in BCVA (P = 0.05).
The postoperative recovery status is presented in Table 2.
The changes in macular thickness before and after surgery

are presented in Table 3.

Table 2: Postoperative recovery status (last postoperative follow-up within 6 months)

Temporal Group Classic Group P value
BCVA (log MAR) 0.80+0.3 1.1240.5 0.19°
Hole closure rate, n(%) 14 (100%) 14 (93.33%) 1
ELM/EZ recovery, n(%) 10 (71.72%) 8 (72.72%) 0.05"
Macular contour: U+V-shaped, n(%) 13 (92.86%) 7 (53.85%) 0.03°*
Complication, n(%) 0 (0) 5 (33.33%) 0.001**

ELM=external limiting membrane, EZ=ellipsoid zone, bChi-square test, cMann-whitney U test

*=P<C0.05, **=P<C0.01
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Table 3: Changes in macular thickness before and after surgery (last postoperative follow-up within 6 months)

Discussion

N=nasal T=temporal ‘Mann-whitney U test

*=P<C0.05 **=P<<0.01

The reported diameter of the ILM temporal lobe
ranges from 1/3 DD to 2 DD, [7,9,10,13-15] with no unified
standard. The range of ILM flap peeling required for the

JScholar Publishers

classic ILM peeling technique in the past was 2 DD around
the tear hole. Studies have demonstrated that a larger ILM
flap area and younger age are significantly positively corre-
lated with ILM valve contraction [20]. If the range of ILM

flap removal is too small, it may be insufficient to release

J Ophthalmol Open Access 2025 | Vol 9: 104



the retina surrounding the MH, or the flap may not cover
the MH. If the removal is too large, it may lead to a decrease
in corresponding visual sensitivity [7]. Therefore, in this
study, the flap diameter for the temporal group was set at
1.5-2 DD.

Flap displacement can directly result in MH clo-
sure failure, necessitating reoperation and increasing medi-
cal expenses. Michalewska et al. [9] compared MH treat-
ment using the classic inverted ILM flap technique and the
temporal inverted ILM flap technique without adjuvant sup-
port. In each group, 7.0% and 6.8% (3/43 and 3/44, respec-
tively) of patients required repeat surgery due to flap dis-
placement. Kogak et al. [11] achieved flap stability without
the need for ophthalmic viscoelastic devices (OVDs) by facil-
itating the PFCL flow from the temporal to the nasal side.
This method achieved a perforation closure rate of 96.4% (n
= 27/28) through the first surgery. Similarly, Chou et al.
[15] utilized PFCL injection and OVD technology to treat
39 patients with MH without flap displacement. However,
this approach requires a special type of viscoelastic agent,
which may not be available in all hospitals. Additionally, us-
ing PFCL increases medical costs and may lead to complica-
tions such as PFCL residue. Blood is a commonly used adju-
vant in MH surgery. Due to the barrier of ILM at the pore,
red blood cells do not enter the subretinal space, thereby
preventing toxicity to the photoreceptors [21,22]. Besides,
fresh blood does not require special treatment, allowing for
easy intraoperative observation. After coagulation, blood
forms a complex with ILM that is not easily detached and
can effectively seal the MH. Lai et al. [18] utilized autolo-
gous blood clots (ABC) assisted inverted ILM to treat HM
MH with retinal detachment, achieving a retinal attachment
and MH closure rate of 96% (26/27) after a single
surgery. Autologous serum (AS), derived from the patient's
own blood, offers excellent biocompatibility and contains es-
sential growth factors (EGF, TGF-B, PDGF, fibronectin, vita-
min A) while eliminating rejection risks, making it valuable
for ophthalmic applications. In vitreoretinal surgery for
ILM flap techniques, surgeons commonly use perfluorocar-
bon liquids (PFCL) despite risks of intraocular retention
and higher costs, or ophthalmic viscosurgical devices (OVD-
s) which require specialized formulations and add expenses,
whereas the autologous blood clot (ABC) technique pro-

vides a cost-effective alternative with reliable flap fixation
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and minimal complications, requiring only proper training
to avoid temporary vitreous opacity, ultimately offering the
best balance of efficacy, safety and cost-efficiency for ILM
flap procedures. In our temporal group, no complications
of flap displacement were observed. This finding further
confirms that ABC can effectively stabilize the ILM flap and
ensure surgical success. In our classic group, one case of
flap displacement may have been due to HM accompanied
by macular atrophy, which reduced visibility. Moreover,
one case of ILM flap loss was observed in the classic group,
and two cases exhibited flat/open closure following surgery.
We propose that although ABC has been effective in fixing
the ILM flap, the classic technique requires 360-degree loos-
ening of the ILM, resulting in a narrower pedicle width. Fur-
thermore, HM eyes with macular atrophy may reduce visi-
bility during surgery, increasing the risk of ILM flap loss or

displacement.

Michalewska et al. [9] conducted a prospective ran-
domized controlled study on cases of idiopathic MH greater
than 400 um, comparing the classic inverted ILM flap tech-
nique (43 eyes) with the temporal inverted ILM flap tech-
nique (44 eyes). The initial BCVA for the two groups was
0.95 and 1.02, respectively (P = 0.28). There was no signifi-
cant difference in visual acuity between the two groups dur-
ing postoperative visits. However, both groups exhibited sig-
nificant visual improvement after surgery (P < 0.001). In the
classic group, the average BCVA improved to 0.66 logMAR
at 3 and 6 months after surgery and further improved to 0.4
logMAR at 12 months. The visual acuity measured at 3, 6,
and 12 months after surgery in the temporal group was
0.63, 0.68, and 0.45 logMAR, respectively. Ko ¢ ak et al. [11]
reviewed 60 eyes with a minimum basal diameter greater
than 600 pm, comparing ILM dissection and the temporal
inverted ILM flap technique. The average improvement rate
of BCVA was significantly higher in the temporal inverted
ILM flap group compared to the ILM dissection group. Ho
TC et al. [23] conducted a 12-month follow-up study on 18
patients with HM who underwent the temporal inverted
ILM flap technique. The preoperative BCVA logMAR was
1.7 £ 0.6, and the postoperative BCVA logMAR was 0.72 +
0.4 (P < 0.001). Takai et al. [13] retrospectively analyzed 11
cases of HM-associated MH treated with the temporal in-
verted ILM flap technique, with a follow-up period exceed-

ing 6 months. The study confirmed a significant improve-
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ment in BCVA following surgery using the temporal valve
technique (P < 0.05). Our results are consistent with previ-
ous studies demonstrating that both groups experienced im-
provement in postoperative vision, and there was no statisti-
cally significant difference between the two groups before
and after surgery. However, a statistically significant differ-
ence in BCVA was observed in the temporal group before
and after surgery. In contrast, the classic flip coverage group
did not demonstrate a statistically significant change in visu-
al acuity before and after surgery. We analyzed several possi-
ble reasons for these findings. First, the classical group had
a higher incidence of complications, such as gliosis and
valve loss. Second, the ILM flap in the classic group consist-
ed of multi-layers, forming a plug-like structure that could
hinder EZ/ELM repair. Third, patients with HM accom-
panied by macular atrophy may have had limited improve-

ment in vision.

Both the temporal inverted ILM flap technique
and the classical method achieved similar anatomical results
in the treatment of MH, and the treatment effect for large--
diameter holes is superior to ILM flap removal. In the ran-
domized controlled study by Michalewska et al. [9], all hia-
tuses achieved closure following surgery, although not after
the first surgery. The U-shaped closure rate in the classic
group (62%) was lower than that in the temporal group
(71%), though the difference was statistically non-signifi-
cant. Twelve months postoperatively, the EZ defects in both
groups decreased to 57%, while ELM defects were reduced
to 24% and 25%, respectively. There was no statistically sig-
nificant difference between the groups. In the study by
Kogak et al. [11], the closure rate after a single surgery was
96.4% higher in the temporal inverted ILM flap group com-
pared to the ILM dissection group (75.0%) (P = 0.029). Ad-
ditionally, the U-shaped closure rate in the temporal invert-
ed ILM flap group was 67.9% higher than that in the ILM
dissection group (15.6%) (P < 0.001). At 6 months postoper-
atively, the overall recovery rate of EZ/ELM in the temporal
inverted ILM flap group was significantly higher than that
in the ILM dissection group (P = 0.001).

The classic inverted ILM flap technique is often
challenging to perform in patients with HM, long axial
length, or coexisting macular atrophy. In contrast, the tem-

poral inverted ILM flap technique is simple to operate and
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less prone to complications such as flap loss. The currently
reported temporal flap method for treating HM-associated
MH or MHRD has achieved high rates of retinal anatomical
reduction and MH closure. Takai et al. [13] retrospectively
analyzed MHs in HM (n = 11) and reported a 100% closure
rate following a single surgery using the inverted ILM flap
technique. Similarly, Ho et al. [23] studied the treatment of
HM-associated MHRD using the temporal inverted ILM
flap technique. Their study found that 17 eyes (94.4%)
achieved retinal fixation through a single surgery, while 18
eyes (100%) completed fixation at the end of follow-up. Be-
sides, all 18 eyes exhibited MH closure after complete gas ab-
sorption. The recovery of the macular structure was ob-
served in 94.4% (17/18) of cases, where 14 eyes (77.8%)
achieved full recovery of the ellipsoidal region, while 3

(16.7%) eyes exhibited partial recovery.

Consistent with previous studies, our study also
achieved good closure rates for large-diameter MHs and
HM MHs. Although there was no statistically significant dif-
ference between the two techniques in terms of EZ/ELM re-
pair rate after surgery, the U+V closure rate of the temporal
group was higher than that of the control group. We believe
this is related to the fact that the ILM flap in the temporal
group has a single-layer structure. In contrast, the classic
group has multiple layers of ILM and may form a plug-like
structure. The folding of a multi-layer ILM flap may hinder
the rearrangement of the outer layer of the retina [24] and
may also lead to excessive gliosis. The classic inverted ILM
flap technique reported in the literature has a higher rate of
glial cell proliferation (23%) [25]. Furthermore, even with-
out intentional insertion, multi-layered inverted ILM flaps
may migrate to the bottom of the hole under gas pressure,
contributing to macular glial hyperplasia. There are limited
reports on the gliosis rate associated with the temporal in-
verted ILM flap technique. In our study, no patients in the
temporal group exhibited significant gliosis, whereas 3 cases
(20%) of gliosis were observed in the classic group. Al-
though the incidence of gliosis in the classical group was
lower than reported in the literature, it remained higher
than that in the temporal group. Consequently, we believe
that the temporal ILM flap technique may offer advantages

in reducing gliosis.

Flap closure refers to a distinct anatomical healing
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pattern observed after macular hole (MH) repair using the
inverted internal limiting membrane (ILM) flap technique,

characterized by:

Mechanical closure achieved solely by the inverted
ILM flap acting as a "cover" over the defect, absence of com-
plete neural retinal tissue regeneration beneath the flap, per-
sistence of sub-flap hyporeflective spaces or outer retinal lay-
er discontinuities on optical coherence tomography (OCT).
A study suggests that 14% to 16% of eyes treated with an in-
verted ILM flap technique for FTMH may observe flap clo-
sure. KAROLINA BONI "NSKA et al. believed that the addi-
tional retinal tissue under the flap would recover over time.
From the third month on, flap closure was no longer ob-
served. The eyes under investigation showed U-shaped, ir-
regular and V-shaped foveal contours. Compared with the
eyes that initially developed U-shaped, V-shaped or irregu-
larly closed, the final vision of the eyes with flap closure was
lower. The macular holes in the flap closure group were sig-
nificantly larger than those in the group without flap clo-
sure. This study did not classify the eyes with flap closure:
high myopia and non-high myopia [19]. In our study, one
patient in the temporal group experienced flap closure that
persisted for more than 3 months without any subretinal
retinal tissue repair. We speculate that due to abnormal eye
morphology caused by staphyloma, some single-layer ILM
tissues did not touch the bottom of the MH, resulting in
poor local stent formation and unrepaired retinal tissue. For
HM MH, the intraoperative use of heavy water or multi-lay-
er ILM may better facilitate ILM flap attachment.

Previous studies have reported that retinal thinn-
ing occurs following ILM peeling [26,27]. Aditya Modi et al.
[27] observed significant thinning of the retina at a distance
of 1.5 mm on the outer side of the macula after ILM peeling
(P < 0.01). This study suggests that ILM detachment is asso-
ciated with significant changes in the internal structure of
the retina, which can have adverse effects on the functional
outcome of surgery. Consequently, it is essential to avoid
ILM detachment over larger areas. Reducing the area of
ILM dissection without affecting the surgical outcome
makes the temporal flap technique a better option. Chou et
al. [15] found that in MH treatment using the temporal flap
method, significant retinal thinning was observed in the low-

er outer quadrant of the temporal side, which was negative-
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ly correlated with BCVA. One explanation for this thinning
is the damage to Mu'ller cell footplates, which are more
abundant on the temporal side [28]. Another explanation is
related to retinal displacement. The thinning of the tempo-
ral retina and thickening of the nasal retina are both results
of the displacement of the retina towards the optic disc dur-

ing the closure of the hiatus [29,30].

In our study, both groups demonstrated a statisti-
cally significant decrease in retinal thickness within 1.5 mm
of the macular center. This is related to preoperative MH
edema and hole edge lifting, postoperative edema subsiding,
and re-application of hole edge. The classic group exhibited
similar results to previous studies, with retinal thinning oc-
curring 1.5-3 mm above, below, and on the temporal side
of the macula (P < 0.05). The change in retinal thickness on
the lateral side of the nose was statistically non-significant,
but the mean retinal thickness also decreased compared to

preoperative levels.

The average retinal thickness of 1.5-3 mm outside
the macular fovea in the temporal group exhibited a slight
decrease, but this change was statistically non-significant.
The temporal ILM flap technique that reduces the area of
ILM removal appears to minimize the impact on retinal
thickness. This may contribute to reducing the adverse out-
comes of postoperative macular function. The comparison
of retinal thickness between the two groups before and after
surgery revealed a statistically significant difference only in
the lower and outer regions. We speculate that it may be re-

lated to the folding and coverage of the ILM flap due to grav-
ity.

ABC combined with the temporal inverted ILM
flap technique offers a superior strategy for managing large--
diameter or highly myopic macular holes (MH). It presents
a less complex procedure than the traditional ILM flap
method, with a markedly lower risk of flap displacement, en-
suring robust visual and anatomical outcomes. This ap-
proach leverages the single-layer nature of the temporal in-
verted ILM flap to promote enhanced foveal morphological
recovery while minimizing effects on retinal thickness. Im-
portantly, the achieved “flap closed” state demonstrates sta-

bility for more than three months.
Our study has several limitations that warrant con-
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sideration. First, the modest sample size may limit statistical
power, particularly for detecting small effect sizes. Second,
as a retrospective study, we encountered typical challenges
including missing data and potential selection bias. Third,
the non-standardized follow-up protocols could introduce
attrition bias, though we mitigated this through comparison
with prior published reports. These limitations suggest our
findings should be interpreted cautiously, and future
prospective studies with larger cohorts and standardized
protocols would be valuable to confirm our observations. In
the future, multiple methods are needed to detect the results
of temporal ILM flap technique, including microperimetry,

etc.
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