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Purpose: To evaluate the feasibility and outcomes of a novel surgical technique using a sub-perfluorodecalin (PFD, RT DECALIN) 
injection of ophthalmic viscosurgical device (OVD) to stabilize inverted internal limiting membrane (ILM) flaps for the treatment of 
macular hole retinal detachment (MHRD) in highly myopic eyes. This technique addresses the challenges of ILM flap displacement 
and stability.
Patients and Methods: This retrospective, interventional case series included seven eyes of seven patients with MHRD who 
underwent surgery using sub-PFD injection of OVD to stabilize inverted ILM flaps. Pre- and postoperative best-corrected visual acuity 
(BCVA) was compared using the Wilcoxon signed-rank test. Ethical approval was obtained, and all patients provided informed 
consent. Fundus color photography and optical coherence tomography (OCT) were used to assess anatomical outcomes.
Results: The study included seven eyes of seven patients (mean age: 61.86±4.30 years; follow-up: 6 months). All eyes achieved 
successful macular hole closure, with near-normal foveal contour observed in five (71.43%) eyes at the final follow-up. BCVA 
improved significantly from 2.03±0.38 logMAR to 1.20±0.54 logMAR (P = 0.0024). No intraoperative or postoperative complications 
were observed.
Conclusion: Sub-PFD injection of OVD for stabilization of the inverted ILM flap was feasible and was associated with favorable 
short-term anatomical outcomes in highly myopic eyes with MHRD. Improvement in BCVA was also observed during follow-up. This 
innovative approach offers a promising solution to the challenges associated with MHRD in highly myopic eyes.
Keywords: MHRD, optical coherence tomography, anatomical closure, pathologic myopia

Introduction
Macular hole retinal detachment (MHRD) is a vision-threatening condition predominantly affecting patients with high 
myopia (HM), characterized by a full-thickness macular defect with associated retinal detachment.1 This disease is 
characterized by a full-thickness retinal defect at the macular center accompanied by retinal detachment, representing 
a typical manifestation of pathological changes in HM.2 In HM, the marked elongation of the axial length leads to 
anatomical and functional alterations, including progressive retinal thinning, reduced choroidal blood circulation, 
vitreous degeneration, and the development of posterior staphyloma.3 These pathological factors render the macular 
region in HM more susceptible to hole formation, which can progress to retinal detachment under vitreous traction or 
other mechanical forces. Without timely intervention, MHRD often results in irreversible vision loss and even blindness, 
severely impacting the patient’s quality of life. Therefore, effective treatment of MHRD and the improvement of 
postoperative visual outcomes are critical issues in both clinical and research domains.

Optical coherence tomography (OCT), one of the most widely used non-invasive ophthalmic imaging modalities in 
clinical practice,4 provides high-resolution tomographic images that clearly delineate structural abnormalities in the 
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macular region. It is also instrumental in postoperative follow-up for dynamically assessing macular holes (MH) closure 
and retinal recovery.5 Concurrently, fundus photography serves as a fundamental imaging technique, documenting overall 
morphological changes in the fundus, such as MH, retinal detachment, and retinal pigment epithelium alterations.6 Best- 
corrected visual acuity (BCVA) is the most commonly used measure of visual function and is typically expressed as the 
logarithm of the minimum angle of resolution (logMAR), with lower logMAR values indicating better visual acuity.7

Pars plana vitrectomy (PPV) has become the standard surgical approach for treating MHRD. The primary objective of 
PPV is to promote retinal reattachment by removing the vitreous and relieving tractional forces. Additionally, fluid-air 
exchange (FAE) is often employed to replace intraocular fluid with air or other gases, facilitating retinal reattachment and 
creating a stable environment for subsequent retinal laser photocoagulation and tamponade with silicone oil or long- 
acting gases.2,8 However, the fragile nature of the retina in HM and the limited regenerative capacity of tissues around the 
hole often result in suboptimal closure rates and functional recovery with traditional methods. To address these 
limitations, the introduction of internal limiting membrane (ILM) manipulation techniques has significantly advanced 
the management of MHRD.9

The ILM, the innermost layer of the retina, plays a pivotal role in MHRD surgery. Its peeling or inversion effectively 
alleviates mechanical traction in the macular region, creating a more favorable environment for hole closure and tissue 
repair.10 Studies have shown that ILM inversion stabilizes the local microenvironment, reducing fluid accumulation 
around the hole and accelerating its healing.9 However, in HM patients, the elongated axial length and increased retinal 
curvature complicate vitreous traction dynamics, leading to a higher risk of postoperative ILM flap displacement and 
subsequent treatment failure.11 To enhance surgical precision, indocyanine green (ICG) is commonly used as an auxiliary 
dye in MHRD surgeries to facilitate the visualization and peeling of the ILM.12 Although ICG has potential retinal 
toxicity, its use in low concentrations and with rapid rinsing minimizes associated risks, making it a standard choice for 
ILM staining.13

Perfluorodecalin (PFD), a high-density liquid, assists in the removal of subretinal fluid (SRF) and reduces tension 
around the hole.14 Despite its advantages, PFD has limitations in complex cases, where ILM flaps may displace under 
external forces postoperatively, compromising MH closure. To address this, PFD is often combined with adhesives like 
silicone oil to mitigate symptoms such as retinal detachment.15 However, previously described adjunctive approaches in 
MH-related surgery have also included viscoelastic materials, autologous blood, and heavy liquids. In the present 
approach, PFD was primarily used to provide a stable intraoperative environment for ILM flap manipulation and to 
facilitate controlled SRF displacement, whereas ophthalmic viscosurgical device (OVD) was applied to enhance local 
adhesion and maintain flap apposition over the MH. Thus, the combination of PFD and OVD was intended to integrate 
the mechanical stabilizing effect of PFD with the adhesive property of OVD, rather than relying on either adjunct alone. 
Previous reports have described adjunctive strategies to improve ILM flap stabilization or macular hole coverage in 
complex macular hole surgery, including sub-perfluorocarbon viscoelastic-assisted flap manipulation, viscoelastic- 
supported ILM flap techniques, and autologous blood-assisted flap coverage. These approaches suggest that biomaterial 
or heavy-liquid adjuncts may help maintain flap position in technically challenging cases, although the specific sequence 
and intraoperative application of such maneuvers vary across studies. In this context, the present study evaluated 
a combined PFD- and OVD-assisted inverted ILM flap approach for MHRD in highly myopic eyes.16–18

This study aims to assess the feasibility and short-term outcomes of a modified ILM inversion technique combining 
PFD and OVD in MHRD surgery, focusing on its impact on MH closure rates and retinal reattachment. In addition, we 
explored the relationship between selected patient characteristics and postoperative outcomes.

Materials and Methods
This retrospective study included 7 eyes from 7 patients with HM who underwent MHRD surgery between May 2022 
and March 2024 and met the study inclusion criteria, with a follow-up period of 6 months. All eyes underwent 23-gauge 
PPV, during which PFD was used to assist in creating inverted ILM flaps, stabilized with an injection of OVD under 
PFD. The study adhered to the Declaration of Helsinki and was approved by the Ethics Committee of Wuhan Aier Eye 
Hospital (Approval No.: 2021IRBLW01). Written informed consent was obtained from all participants.
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Inclusion criteria included patients with high myopia (axial length ≥28 mm) diagnosed with MHRD involving the 
macular area. Exclusion criteria were prior retinal surgeries, significant ocular comorbidities, or systemic conditions 
potentially affecting the retina. Comprehensive ophthalmological examinations were performed preoperatively and 
postoperatively, including BCVA measured in logMAR units, color fundus photography, and OCT imaging. MHRD 
was classified based on the extent of retinal detachment. BCVA outcomes before and after surgery were compared using 
the Wilcoxon signed-rank test as a nonparametric paired analysis. Given the small sample size, the statistical results were 
interpreted descriptively and with caution. Statistical analyses were conducted using SPSS software (version 21.0; IBM, 
NY, USA).

Surgical Technique
This study employed 23-gauge pars plana vitrectomy, combined with ICG-assisted ILM staining, PFD tamponade, and 
inverted ILM flap techniques, to treat MHRD. During surgery, 1 mg/mL ICG (Daiichi, Tokyo, Japan), dissolved in 50% 
glucose solution, was injected into the macular area to stain the ILM (Figure 1A). Excess dye was aspirated, and most 
SRF was simultaneously removed (Figure 1B). PFD was then injected to cover the MH, ensuring the bubble edge 
extended slightly beyond the vascular arcades (Figure 1C). Under PFD tamponade, the ILM was peeled with micro
forceps and inverted to cover the MH (Figure 1D). Subsequently, 1 mL of OVD (17 mg/mL; Bausch & Lomb, NY, USA) 
was slowly injected using a sterile single-use 5 mL syringe fitted with a sterile single-use flat-tip irrigating needle 
(0.5 mm) to cover the surface of the inverted ILM flap (Figure 1E). The OVD was gradually injected under PFD to 
stabilize the ILM flap. In this procedure, the specific purpose of sub-PFD OVD injection was to maintain flap apposition 
over the MH during subsequent SRF drainage and FAE. After PFD placement and OVD injection, the SRF was gently 
displaced toward the peripheral margin of the detached retina, and posterior drainage retinotomy was performed in the 
peripheral retinal detachment area when needed (Figure 1F). In eyes in which the neurosensory retinal detachment was 
confined to the area near the vascular arcades, no additional drainage retinotomy was created; instead, the SRF was 
drained through the pre-existing MH using a soft-tip cannula before PFD and OVD injection. To further evacuate the 
SRF, FAE was performed in the retinal detachment area at the edge of the PFD bubble, and the remaining SRF was 
drained while the PFD was gradually removed (Figure 1G). The size and configuration of the ILM flap were determined 

Figure 1 Surgical steps of treating MHRD using ICG, PFD, and OVD under FAE. (A) ICG dye was injected into the macular area to stain the ILM. (B) Excess ICG dye was 
aspirated along with most of the SRF to prepare the surgical field. (C) PFD was injected as a single bubble covering the macular hole, with its edges extending slightly beyond 
the vascular arcades. (D) The ILM was peeled circumferentially, approximately 4-disc diameters in size, using forceps under PFD tamponade. The peeled ILM layers were 
then inverted to cover the macular hole. (E) A small amount of OVD was injected under the PFD bubble to cover the inverted ILM flap. (F) The needle was carefully 
inserted under the PFD bubble, suspended above the ILM flap, and OVD was slowly injected to stabilize the flap over the macular hole. (G) Peripheral retinal detachment 
was addressed by performing small retinal incisions (approximately half-disc diameter) at the edge of the PFD bubble to drain any remaining SRF. (H) During FAE, the residual 
SRF was aspirated through the retinal incision site, and the PFD bubble was completely removed. (I) Laser photocoagulation was applied around the retinotomy site, and 
silicone oil was used to tamponade the vitreous cavity.
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intraoperatively according to the size and configuration of the MH, with the aim of achieving complete hole coverage and 
stable flap apposition. During FAE, residual SRF was aspirated through the retinotomy, and the PFD was completely 
removed (Figure 1H). The duration of intraoperative PFD exposure was not preset, but depended on the progress of each 
procedure and the time required to complete ILM flap manipulation, OVD stabilization, SRF displacement, and FAE. 
Care was taken to avoid visible retention of PFD at the end of the fluid-air exchange step. Because the ICG-stained ILM 
flap could be visually distinguished from the surrounding neurosensory retina devoid of ILM, its position could be 
monitored throughout FAE. Owing to the strong adhesiveness of the OVD and its immiscibility with PFD, the OVD 
remained concentrated over the surface of the inverted ILM flap rather than being washed away during FAE. During low- 
vacuum aspiration of PFD, the stained ILM flap remained stably apposed over the MH surface. In eyes with posterior 
staphyloma, before complete removal of PFD, the patient’s head position was slightly adjusted, without compromising 
the surgical view, to direct the residual PFD away from the ILM flap and OVD, thereby reducing the risk of flap 
displacement caused by the aspiration cannula. With these maneuvers, no obvious flap displacement was observed after 
FAE. At the conclusion of surgery, the inverted ILM flap was observed to be stably attached over the MH. Laser 
photocoagulation was applied around the retinotomy site, and silicone oil was used to tamponade the vitreous cavity 
(Figure 1I). Postoperatively, patients were instructed to maintain a prone position for 2 weeks and underwent silicone oil 
removal 3 months after surgery.

Results
Baseline Clinical Characteristics of Patients
This study included 7 eyes from 7 patients with HM and MHRD, comprising 3 female patients (42.9%) and 4 male 
patients (57.1%). The age of female patients ranged from 56 to 65 years, with a mean age of 61.33 ± 4.73 years, while 
male patients ranged from 56 to 67 years, with a mean age of 62.25 ± 4.65 years. The overall mean age of all patients was 
61.86 ± 4.30 years, with no significant difference between genders (P > 0.05). The axial lengths of the patients ranged 
from 28.48 mm to 32.11 mm, with a mean of 30.06 ± 1.31 mm. The mean axial length was 30.52 ± 1.55 mm in female 
patients and 29.71 ± 1.21 mm in male patients, with no significant difference between genders (P > 0.05). The baseline 
clinical characteristics of the patients are shown in Table 1.

Preoperative Fundus Photography Findings
Preoperative fundus photography (Figure 2A–G) revealed round or oval-shaped MH in the central macula of MHRD 
eyes, with edges that were either smooth or slightly irregular. The macular holes were accompanied by a loss of macular 
reflex, and retinal detachment below the holes presented as localized retinal elevation or SRF accumulation, forming 
darkened areas. Retinal pigment epithelium in the macular hole region exhibited pigment loss or irregular proliferation. 
Additionally, as all patients had HM, fundus photography showed features such as lacquer cracks, choroidal atrophy, and 
posterior staphyloma. In some cases, cystoid edema presented as circular reflective regions, or retinal folds were 

Table 1 Preoperative Clinical Characteristics of the Seven Eyes Included in This 
Study

Patient No. Sex Age (Years) Axial Length (mm) Preoperative BCVA

1 F 65 32.11 2.3

2 F 63 29.02 1.85

3 F 56 30.43 2.3
4 M 56 28.48 1.3

5 M 62 30.03 2.3

6 M 64 31.26 2.3
7 M 67 29.08 1.85

Abbreviations: F, female; M, male; BCVA, best-corrected visual acuity.
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observed due to posterior vitreous detachment. The presence of epiretinal membranes or peripheral retinal breaks was 
noted around the macular hole in some cases.

Preoperative OCT Imaging Characteristics
Preoperative OCT images (Figure 3A–G) of MHRD eyes demonstrated full-thickness retinal defects in the central 
macula, with upturned or torn retinal edges. Some patients showed SRF accumulation at the base of the macular holes, 
appearing as dark, band-like low-reflective signals. The retinal layers surrounding the macular holes displayed cystic 
degeneration, characterized by hyper-reflective cystic cavities indicative of intraretinal fluid accumulation. The retinal 
neuroepithelium was significantly thinned in the macular hole region, with thickened retinal layers around the hole edges. 
In some cases, RPE deformation due to structural compression was observed in the hole region. These HM patients also 
exhibited arcuate changes due to posterior staphyloma, with retinal layer curvature and abnormal extension. Signs of 

Figure 2 Preoperative fundus photographs of the seven eyes from the seven patients included in this study. (A–G) Correspond to Patients 1–7, respectively.

Figure 3 Preoperative OCT examinations of the seven eyes from the seven patients included in this study. (A–G) Correspond to Patients 1–7, respectively.
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vitreoretinal traction were observed in some cases, with high-reflective connections between the vitreous and retina, 
indicating the mechanical effect of the vitreous as a potential cause of hole formation and retinal detachment.

Postoperative Anatomical and Functional Outcomes
Postoperatively, macular hole closure and complete retinal reattachment were achieved in all 7 eyes (100%) (Figure 4A– 
Figure 4G and Figure 5A–Figure 5G). No complications such as PFD entrapment within OVD or subretinal migration of 
PFD were observed during the injection of OVD under PFD. There were no cases of postoperative intraocular pressure 
abnormalities. OCT imaging demonstrated that 5 eyes (71.43%) achieved near-normal foveal contours at the final follow-up 
(Figure 5A, B, E–G). Meanwhile, one eye (14.29%) exhibited macular hole closure with a steep foveal contour (Figure 5C), 
and another eye (14.29%) showed an irregular foveal contour (Figure 5D). No cases showed ILM flaps sunken into the 

Figure 4 Postoperative fundus photographs of the seven eyes from the seven patients included in this study. (A–G) Correspond to Patients 1–7, respectively.

Figure 5 Postoperative OCT examinations of the seven eyes from the seven patients included in this study. (A–G) correspond to Patients 1–7, respectively.
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macular hole. Among the 5 eyes with near-normal foveal contours, one eye displayed a marginally displaced ILM flap 
(Figure 5G). All 7 eyes (100%) experienced an improvement in BCVA.

Postoperative Clinical Characteristics and Visual Recovery
Postoperative clinical characteristics are summarized in Table 2. In patients with longer axial lengths, such as Patient 1 
(female), axial elongation was commonly associated with HM, while shorter axial lengths, such as in Patient 4 (male), 
were linked to better postoperative visual recovery potential. Preoperative BCVA ranged from 1.3 to 2.3 logMAR, 
significantly improving to 0.4 to 1.85 logMAR postoperatively, indicating a substantial impact of surgery on visual 
recovery (P = 0.0024). The mean preoperative BCVA in female patients was 2.15 ± 0.26 logMAR, improving to 1.28 ± 
0.58 logMAR postoperatively. In male patients, mean BCVA improved from 1.94 ± 0.48 logMAR preoperatively to 1.14 
± 0.59 logMAR postoperatively. Despite poorer baseline visual acuity, female patients demonstrated greater post
operative improvement. For example, Patient 3 (female, aged 56 years, axial length 30.43 mm) improved significantly 
from a preoperative BCVA of 2.3 logMAR to 0.7 logMAR postoperatively, suggesting that patients with moderate axial 
length and less severe macular damage achieved better functional recovery. Conversely, Patient 1 (female, aged 65 years, 
axial length 32.11 mm) showed limited improvement from 2.3 logMAR to 1.85 logMAR, potentially due to irreversible 
retinal damage caused by excessive axial elongation. In contrast, Patient 4 (male, aged 56 years, axial length 28.48 mm) 
achieved a BCVA improvement to 0.4 logMAR, representing one of the best outcomes, further supporting the potential 
advantage of shorter axial lengths in postoperative recovery. Regarding lens status, 3 patients were pseudophakic, and 
4 had cataracts. Pseudophakic patients exhibited relatively smaller postoperative visual improvements compared to 
cataract patients. The mean preoperative BCVA did not differ significantly between the two groups (2.15 ± 0.26 vs 1.94 ± 
0.48 logMAR; P > 0.05). However, postoperative BCVA improvement was significantly less in pseudophakic patients 
compared to cataract patients (1.67 ± 0.32 vs 0.85 ± 0.37 logMAR; P = 0.0282). Overall, all patients achieved macular 
hole closure (100%) and complete retinal reattachment, with a high surgical success rate.

Discussion
The ILM flap technique has been widely applied in the treatment of MH and associated MHRD. However, in HM 
patients, the challenges of excessive axial length leading to abnormal retinal curvature, increased tissue fragility, and 
complex vitreoretinal traction often limit the surgical efficacy and postoperative outcomes of traditional ILM flap 
techniques.19 This study evaluated a modified surgical approach combining PFD and OVD for MHRD in highly myopic 
eyes. In this small retrospective series, favorable short-term anatomical outcomes and postoperative visual improvement 
were observed.

In this study, all eyes achieved MH closure and retinal reattachment at the final follow-up. These findings suggest that 
the combined PFD and OVD-assisted procedure was feasible in the included cases; however, in the absence of 
a comparator group, no conclusion can be drawn regarding superiority over conventional techniques. In traditional 
ILM flap techniques, flap displacement often occurs intraoperatively or postoperatively, especially in HM patients, due to 
the unique challenges of retinal curvature and fragile tissue characteristics.20 The high density and interfacial tension of 
PFD provide mechanical support during surgery, reducing retinal trauma and improving flap flipping and fixation. OVD’s 

Table 2 Postoperative Outcomes of the Seven Eyes Included in This Study

Patient No. Postoperative BCVA MH Closed Retinal Attachment Final Lens Status Follow-up (Month)

1 1.85 Yes Yes Pseudophakic 6
2 1.3 Yes Yes Pseudophakic 6

3 0.7 Yes Yes Cataract 6

4 0.4 Yes Yes Cataract 6
5 1.85 Yes Yes Pseudophakic 6

6 1.1 Yes Yes Cataract 6

7 1.2 Yes Yes Cataract 6

Abbreviations: MH, macular hole; BCVA, best-corrected visual acuity.
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high viscoelasticity forms a protective barrier postoperatively, preventing flap displacement and significantly increasing 
closure rates. Postoperative OCT imaging revealed that 71.43% of patients achieved near-normal foveal contours, 
highlighting the effectiveness of this technique in restoring macular anatomical structures.

Since SRF may cause displacement of the ILM flap fixed with viscoelastic agents, this study leverages the physical 
properties of PFD to stabilize the SRF during its management, while injecting OVD to seal the MH. This strategy 
prevents complications associated with SRF drainage and utilizes SRF as a buffer to minimize direct mechanical damage 
to the retina by surgical instruments. To prevent the displacement of the internal limiting membrane flap and the 
ophthalmic viscosurgical device caused by the egress of subretinal fluid through the macular hole during fluid-air 
exchange, we performed a limited retinotomy in the peripheral retina to drain the residual subretinal fluid, thereby 
enhancing the stability of the ILM flap and the overlying OVD. These procedural adjustments were intended to improve 
intraoperative stability and reduce the risk of flap displacement during surgery. However, because this study did not 
include a comparator group, the relative safety or stability of this approach compared with conventional techniques 
cannot be determined.18 In the present series, no intraoperative observations or postoperative OCT/fundus findings 
suggested clinically significant retained subfoveal OVD or residual PFD, and no related complications were identified 
during follow-up. Nevertheless, given the small sample size and limited follow-up duration, subtle or delayed effects 
related to retained materials cannot be completely excluded and warrant further evaluation in larger studies. Similar 
adjunctive strategies have been reported in MH-related surgery, including the use of viscoelastic-assisted flap positioning, 
autologous blood-assisted coverage, and perfluorocarbon-assisted ILM flap techniques to improve flap support or 
macular hole coverage.21–23 Therefore, the present technique should be interpreted as a procedural modification within 
an evolving surgical framework rather than as a wholly independent concept. In this context, the potential value of our 
approach lies in combining the intraoperative stabilizing effect of PFD with the adhesive property of OVD during flap 
manipulation in highly myopic eyes with MHRD, although further comparative studies are still required to determine 
whether this combination offers advantages over other published modifications.

Postoperative functional recovery was influenced by factors such as axial length, gender differences, and preoperative 
retinal conditions. Shorter axial lengths were associated with greater visual improvement, supporting the importance of 
retinal integrity for functional recovery. Patients with longer axial lengths often exhibited irreversible degenerative 
changes in the retina and choroid, limiting their potential for postoperative improvement. Moreover, female patients 
showed more significant postoperative improvements despite poorer baseline visual acuity (2.15 ± 0.26 logMAR). This 
may be attributed to a higher proportion of moderate axial lengths among female patients and their increased respon
siveness to macular structural restoration. For instance, Patient 3 (female, axial length 30.43 mm) demonstrated 
remarkable visual improvement to 0.7 logMAR postoperatively, whereas Patient 1 (female, axial length 32.11 mm) 
showed limited improvement (1.85 logMAR) due to severe retinal damage associated with excessive axial elongation. 
These findings further emphasize the critical role of retinal integrity and axial length in postoperative recovery.

Further analysis indicated that the restoration of postoperative foveal contour was closely related to the optimization 
of surgical techniques.24 OCT imaging showed that 71.43% of patients achieved near-normal foveal contours post
operatively, while 28.57% (2 cases) displayed abnormalities such as steep or irregular contours. These outcomes may be 
associated with the number, shape, and tension distribution of the flipped ILM flaps during surgery. While multilayer 
ILM flaps provide structural scaffolding for the macular hole, facilitating photoreceptor alignment and tissue regenera
tion, excessive layers may induce gliosis, hindering functional recovery. Therefore, future surgical protocols should aim 
to optimize ILM flap strategies, balancing MH closure stability with reduced risk of adverse effects on macular 
restoration.

Another procedural consideration in this study was the use of low-concentration ICG staining under PFD. This 
approach was intended to facilitate ILM visualization while potentially reducing dye migration into the subretinal space. 
However, this should be interpreted as a practical intraoperative precaution rather than a novel finding, and its specific 
contribution cannot be determined in the present non-comparative series. While ICG staining enhances retinal visualiza
tion during ILM flap procedures, its potential toxicity poses a significant risk for postoperative outcomes.25 This study 
employed low-concentration ICG staining combined with PFD injection to prevent dye migration into the subretinal 
space, thereby reducing toxicity risks. The interfacial tension of PFD effectively blocked ICG leakage and provided 
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a clearer surgical field. This strategy is particularly critical for HM patients, whose reduced macular pigmentation and 
contrast make surgical manipulation more challenging.26

Despite these promising findings, this study has certain limitations. First, the small sample size (7 patients) restricts the 
statistical power and generalizability of the results. Second, the absence of a control group precludes direct comparisons 
between the PFD and OVD combined technique and traditional methods. Third, because the cases were retrospectively 
selected and were not consecutively enrolled, potential selection bias cannot be excluded. In addition, because silicone oil 
tamponade and postoperative prone positioning were routinely applied as part of the overall surgical protocol, the observed 
outcomes cannot be attributed solely to the PFD-OVD-assisted ILM flap step. Therefore, the validity and generalizability of 
the present conclusions should be interpreted with caution. Future research should validate these findings through multicenter 
randomized controlled trials and larger patient cohorts. Additionally, the increased complexity and potential cost of this 
technique warrant further evaluation to ensure its feasibility in diverse healthcare settings.

Conclusion
In conclusion, the combined PFD and OVD technique offers an innovative solution for treating HM-associated MHRD. 
By optimizing ILM flap stability and reducing postoperative complications, this approach significantly improves MH 
closure rates and retinal reattachment success while enhancing postoperative visual function. Future studies should 
further investigate the applicability of this technique across diverse patient populations, extend follow-up periods to 
evaluate long-term outcomes, and refine procedural workflows to enhance its clinical translatability. The successful 
application of this technique provides new insights into MHRD management and lays the foundation for developing 
advanced treatment strategies for more complex cases.
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