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Abstract
● AIM: To demonstrate an improved surgical technique of 
whole piece consecutive internal limiting membrane (ILM) 
peeling without preservation of the epi-fovea to treat high 
myopic foveoschisis (MF).
● METHODS: A 23-gauge 3-port pars plana vitrectomy 
was performed on 16 patients with high MF. A parallel arc 
line along the vascular arcades was scraped out with a 
curved membrane scraper DSP. Next, an ILM forceps was 
used to catch hold of the incisal edge of the ILM flap, and 
the action of releasing and separating was subsequently 
taken toward the direction of the macular fovea. Next, the 
ILM forceps was used to grasp the released area, and the 
whole area coherent ILM peeling covering the macular fovea 
was implemented thereafter. Finally, the ILM was folded 
backwards and peeled off in the arc direction.

● RESULTS: At the final visit, the average central macular 
thickness decreased remarkably from 423.76±177.67 to 
178.24±66.21 μm. The mean logarithm of the minimum 
angle of resolution best-corrected visual acuity of 1.37±0.59 
was significantly alleviated to 0.74±0.59.
● CONCLUSION: The wide range of whole piece 
consecutive ILM peeling without preservation of the epi-
fovea is proven to be effective and significantly reduced the 
occurrence of retinal tear and macular hole.
● KEYWORDS: high myopic foveoschisis; internal limiting 
membrane peeling; surgical technique; macular hole 
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INTRODUCTION

H igh myopic foveoschisis (MF) is characterized by 
splitting between the anatomical layers of the retina in 

the macular area and is a major reason for visual impairment 
in people with high myopia[1]. Currently, the application of 
optical coherence tomography (OCT) allows us to have a 
better understanding of the pathogenesis and development 
of MF[2]. In general, the axial length elongation caused by 
high myopia leads to subsequent traction on the posterior 
wall of the eyes, often accompanied by the formation of a 
staphyloma[3]. Baba et al[4] demonstrated a strong relationship 
between posterior staphyloma and MF by studying 134 eyes of 
78 patients. Although the specific pathogenesis of MF remains 
controversial, several factors appear to be involved, mainly 
consisting of stretching exerted by the posterior vitreous cortex 
adhering to the retina, and tension of the extended internal 
limiting membrane (ILM) and the secondary or idiopathic 
epiretinal membrane (ERM)[5]. 

Whole piece consecutive ILM peeling
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It becomes a chronic disease and induces gradual impairment 
of central vision acuity with other macular complications in 
long-term follow-up[6]. Currently, pars plana vitrectomy (PPV) 
and ILM peeling piece by piece are crucial parts of the surgical 
approach with or without gas tamponade[7]. Nevertheless, 
tractional forces in the peeling procedure increase the risk 
of postoperative iatrogenic retinal tear and macular hole (MH) 
formation, with a postoperative incidence of 16.7%-20.8%[8], 
accompanied by MH retinal detachment (MHRD)[9-10]. While 
researches proposed fovea-sparing ILM peeling for the 
purpose of reducing the occurrence of MH[8], the failure of 
retinal tear protection and the uncontrollability and difficulty 
of this method limited its wide application. This study described a 
simple and effective method of a wide range of massive coherent 
peeling covering the macular fovea, which had the advantages of 
not only reducing the occurrence of iatrogenic complications 
but also being easy to master due to its simplicity.
SUBJECTS AND METHODS
Ethical Approval  The technique conformed to the requirements 
of the Medical Ethics Committee of the Shanghai Jiao Tong 
University School of Medicine. In addition, all of the patients 
showed tyn(-) and no other contraindications to surgery, were 
informed in advance of the purpose, procedure and possible 
complications of the operation, and signed the informed 
consent in handwritten form. The specific procedure of the 
surgery was as follows.
We retrospectively observed the cases of 16 patients with 
17 affected eyes. All of the cases were diagnosed with high 
MF, and PPV combined with the method of a wide range of 
massive coherent ILM peeling covering the macular fovea 
was implemented on all included patients in the Department 
of Ophthalmology, Shanghai General Hospital, the Affiliated 
Hospital of Shanghai Jiao Tong University School of Medicine 
between February 2019 and October 2020. All patients had a 
history of high myopia for several years and met the criteria 
for high myopia by examination with a refractive diopter 
greater than -6.0. All 16 patients with 17 eyes were discovered 
to develop complex posterior scleral staphyloma by B-mode 
ultrasonography and MF by OCT. Among them, 3 of 17 eyes 
had epiretinal membranes, 2 had retinal detachment as a 
complication, and 13 had age-related cataracts. 
The surgery of the above 17 cases was performed by a skillful 
surgeon (Qiu QH). All 17 cases were anesthetized with a 
retrobulbar nerve block, accompanied by the implementation 
of 23-gauge 3-port PPV (Constellation®, Alcon, Fort Worth, 
TX, USA). First, the core vitreous and cortex were cut, and 
triamcinolone acetonide was injected into the vitreous cavity to 
reveal the posterior vitreous cortex and mechanically disengage 
it. Thus, the hyaloid membrane of the posterior vitreous cortex 
was completely removed from the posterior surface of the 

retina. Then, 0.5 mL 0.25% indocyanine green (ICG)-diluted 
solution was injected into the vitreous cavity to stain the ILM, 
which was then rinsed off and filled with physiologically 
balanced saline solution. Under the circumstance of contact 
wide angle viewing system, ILM peeling was subsequently 
implemented. A parallel arc line along the inner side of the 
vascular arcades was scraped out with a curved membrane 
scraper DSP (Flex Finesse Loop) from the nasal side to the 
temporal side; an ILM forceps was used to catch hold of the 
incisal edge of the ILM flap on the nasal side, and then the 
action of releasing and separating without stripping was taken 
toward the direction of macular fovea, which was repeated 
from the nasal side toward the temporal side coherently until 
the boundary of the vascular arcades. The release width of 
each line toward the macular fovea from the nasal side to the 
temporal lateral side was approximately 1/3-1/2 papillary 
diameter (PD) and was repeated approximately 2 times when 
the release width reached approximately 2/3-1PD. Next, the 
ILM forceps was used to grasp the release area near the center, 
and then a wide range of the whole area coherent ILM peeling 
covering the macular fovea was implemented. It should be 
noted that symmetrical and slow peeling when crossing the 
macular fovea needs to be applied so that the forces on both 
sides of the macular fovea are even. Afterward, the ILM 
was folded backwards and peeled off in the arc direction as 
it approached the medial side of the vascular arcades on the 
other side. The whole piece of ILM was consequently stripped 
off at one time in a similar oval shape within the range of the 
vascular arcades without the preservation of the macular fovea 
(Figures 1 and 2). Finally, gas tamponade was performed 
according to the patient’s needs and condition. The whole 
surgical operation lasted approximately 20-30min. 
The patients were required to keep facing down for at least one 
week and were followed up after the surgery. The changes in 
macular morphology were detected by OCT, and the central 
macular thickness (CMT) was thus measured, while the best-
corrected visual acuity (BCVA) was observed, and statistical 
analysis was performed with transformation of the logarithm 
of the minimum angle of resolution (logMAR) by the use of 
SAS 9.4 software. The preoperative and postoperative CMT 
and BVCA values were compared by adopting the paired t-test, 
with P<0.05 considered statistically significant.
RESULTS
Seventeen eyes of sixteen patients participated in this research, 
12 females and 4 males with 11 right eyes and 6 left eyes. The 
mean age of the patients was 60.29±12.79y (range: 27-82y), while 
the average time of onset of the illness was 24.53±58.25mo 
(range: 1-72mo with a skewed value of 240mo). The mean 
axial length was 30.20±2.45 mm (range: 25.10-33.60 mm). 
Some foveoschisis was accompanied by other macular 
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abnormalities as seen on the OCT scans: epiretinal membranes 
in three of the seventeen eyes, retinal detachment in the fovea 
in two of the seventeen eyes and different types of cataracts 
in thirteen of the seventeen eyes. It should be noted that in 
individual cases, the retina had atrophy to varying degrees, 
resulting in the center macular thickness being lower than the 
baseline level without influencing the variation trend. 
Our method of a wide range of whole piece consecutive ILM 
peeling without preservation of the epi-fovea was employed in 
all of the 17 cases and were successfully completed.
The mean follow-up time was 4.53±2.79mo (range: 1-10mo). 
During the duration of follow-up, postoperative complications 
such as vitreous hemorrhage, retinal detachment and 
iatrogenic MH did not occur, and at the last visit, the macular 
fovea restored adhesion to varying degrees along with the 
disappearance of the foveoschisis. The preoperative average 

CMT was 423.76±177.67 μm (range: 187-816 μm), which 
was significantly reduced to 178.24±66.21 μm (range: 85-322 μm) 
postoperatively, with the statistic t value of 7.06 and P value 
less than 0.0001. In addition, the Snellen visual acuity of 
the patients varied from 1/200 to 20/63 preoperatively and 
from 1/200 to 20/25 postoperatively, with a preoperative 
mean logMAR BCVA of 1.37 ± 0.59 remarkably alleviated to 
0.74 ± 0.59 postoperatively, with the statistic t value of 3.61 
and P value of 0.0023 (Figure 3; Table 1).
DISCUSSION
Surgical treatment of high MF has experienced constant 
innovation and evolution. For decades, PPV has served as 
a foundational treatment for MF; however, there remains a 
debate on the essentiality of ILM peeling and intraocular long-
term gas tamponade placement during surgery. Kobayashi 
and Kishi[11] first presented nine cases of patients treated with 

Figure 1 The surgical procedure of the whole piece of consecutive ILM peeling covering the macular fovea  A: A parallel arc line along 
the inner side of the vascular arcades was scraped out with a curved membrane scraper DSP from the nasal side to the temporal side; B: An 
ILM forceps was used to catch hold of the incisal edge of the ILM flap on the nasal side and then the action of releasing and separating without 
stripping was taken toward the direction of macular fovea, which was repeated from the nasal side toward the temporal side coherently; C: The 
ILM forceps was used to grasp the release area near the middle and then a wide range of the whole area coherent ILM peeling covering the 
macular fovea was implemented; D: The ILM was folded backwards and peeled off in the arc direction and the whole piece of ILM was stripped 
off in a similar oval shape without the preservation of the macular fovea.

Figure 2 The schematic diagram of the whole piece of consecutive ILM peeling covering the macular fovea  A: A parallel arc line along 
the inner side of the vascular arcades was scraped out with an curved membrane scraper DSP from the nasal side to the temporal side; B: An 
ILM forceps was used to catch hold of the incisal edge of the ILM flap on the nasal side and then the action of releasing and separating without 
stripping was taken toward the direction of macular fovea, which was repeated from the nasal side toward the temporal side coherently; C: The 
ILM forceps was used to grasp the release area near the middle and then a wide range of the whole area coherent ILM peeling covering the 
macular fovea was implemented; D: The ILM was folded backwards and peeled off in the arc direction and the whole piece of ILM was stripped 
off in a similar oval shape without the preservation of the macular fovea.

Whole piece consecutive ILM peeling
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vitrectomy with ILM peeling and gas tamponade, describing 
a significant improvement in the reattachment rate with 
BCVA in 2003. Numerous researches then deduced that the 
removal of the vitreous cortex with ILM peeling was a vital 
constituent of the surgical operation through deep research on 
more clinical cases, owing to the conviction that the peeling 
of the ILM was able to release the traction produced by the 
vitreoretinal interface[7,12-13]. Nevertheless, this better solution 
for MF was accompanied by the complication of a high risk of 
iatrogenic retinal tear, especially the MH formation after the 
implementation of ILM peeling.
The traditional method of ILM peeling was detrital peeling 
piece by piece according to the doctor’s personal preference Ta
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Figure 3 The comparison of macular fovea images on OCT (5 
cases) preoperatively and postoperatively  A1: Severe high MF 
both in the inner layer and outer layer of Case 3 preoperation; A2: 
The foveoschisis was alleviated and the macular fovea restored 
adhesion of Case 3 postoperation; B1: High MF in the outer layer 
and retinal detachment of Case 5 preoperation; B2: The foveoschisis 
improved greatly and the macular fovea restored adhesion of 
Case 5 postoperation; C1: High MF in the outer layer of Case 14 
preoperation; C2: The foveoschisis disappeared gradually and the 
macular fovea restored local adhesion of Case 14 postoperation; D1: 
Severe high MF both in the inner layer and outer layer of Case 15 
preoperation; D2: The foveoschisis disappeared significantly and the 
macular fovea restored obvious adhesion of Case 15 postoperation; 
E1: High MF in the outer layer and foveal detachment of Case 16 
preoperation; E2: The foveoschisis disappeared fully and the macular 
fovea restored remarkable adhesion of Case 16 postoperation.
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without detailed specifications and guidelines. The shear 
force generated by each peeling increased the occurrence 
of iatrogenic retinal tear and MH, especially for the smaller 
peeled pieces, where a greater shear force would be generated. 
Since iatrogenic retinal tear was most likely to occur in the 
macular fovea to form MH, Shimada et al[8] first proposed the 
fovea-sparing ILM technique with the epi-foveal ILM being 
preserved, showing a significant reduction in the risk of MH 
formation. During the operation, the irregular shape of the 
ILM flap was formed using ILM forceps with adjustable force 
direction and carefully trimmed by a cutter. Moreover, Ho et 
al[14] improved the method of trimming with microscissors, 
which resulted in less damage to the central fovea. Jin et al[15] 
reported four circular ILM flaps peeled with ILM forceps 
away from the central fovea, in which the residual ILM flap 
was peeled and then the edge was trimmed with vitreous 
cutters to preserve the epi-foveal ILM. Subsequently, modified 
techniques were invented to be more complex and elaborate, 
with diverse peeling shapes and directions of forces, all 
requiring greater skills and patience and adding more difficulty 
to the operation[16]. Meanwhile, not only had these methods 
failed to avoid the retinal tear except for macular fovea area, 
but also these schemes increased the requirements for special 
surgical tools and the constant changes among tools brought 
certain inconveniences to the operation.
The core points of our improved technique were as follows: 
we scraped out a parallel arc line along the vascular arcades; 
an ILM forceps was used to catch hold of the edge of the ILM 
flap, and the action of releasing and separating coherently 
was repeated. Then we implemented the whole piece coherent 
peeling covering the macular fovea and then the ILM flap was 
folded back in the arc direction. 
Compared to the original method of ILM peeling without 
preservation of the central fovea, the main difference was that 
the peeling procedure was employed in a wide range of the 

whole piece consecutive manner rather than in small chunks 
piece by piece, which reduced the times of peeling and the 
tension between the stripped flaps and non-stripped flaps to a 
large extent, avoiding the occurrence of iatrogenic retinal tear 
and MH formation. As for the related properties of the retina, 
researches proposed that the rigidity of the ILM was many 
times stronger than that of the retina, which made the retina 
tear more likely to occur due to larger forces from repeated 
tearing during small slice dissection[17]. Moreover, it was 
revealed that in patients with MF, the ILM became thinner 
and stiffer as better evidence for our hypothesis on the force 
conditions[18]. Furthermore, we verified concretely that our 
method of a wide range of the whole piece consecutive peeling 
significantly decreased the occurrence of iatrogenic retinal tear 
and MH from a mechanical point of view in the following part.
During the peeling of ILM, there are two kinds of completing 
failure modes. One is the fracture of ILM. According to 
fracture mechanics[19], it happens when the stress intensity 
factor K reaches to the fracture toughness Kc of the ILM. 
Mathematically, it is
                                                                           (1)

                                                                           (2)
where, P is the peeling load, aeff is the equivalent crack length, 
A is the ripped area of the ILM, which is shown in Figure 
4A and 4B, schematically, Kc, the fracture toughness of the 
ILM, is a constant. Besides, f(aeff) is the correction factor 
which increases monotonically with aeff. From Eqs. (1-2), 
it is observed that for a large area A, a small peeling load is 
required to tear the ILM. 
Another failure mode is the fracture of the retina. The retina 
and ILM are connected by the front edge of the ripped area 
A. According to solid mechanics[20], there is a phenomenon 
of stress concentration on the crack front of the ILM. In view 
of stress transition, the corresponding area of retina, which is 

Figure 4 The schematic diagram of ILM peeling progress  A: The shape and location of the crack; B: The area A of the ILM before peeling 
and the equivalent crack length aeff; C: The effective zone on the remaining structure of the retina and its length l and width t; D: A schematic 
diagram after peeling the ILM through the method of large piece consecutive peeling without preservation of epi-fovea. The green portion stands 
for ILM, and the orange portion represents retina.

Whole piece consecutive ILM peeling
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called effective zone and shown in Figure 4C, suffers severe 
stress distribution than other region and it’s a critical zone for 
the security of the retina. The stress σ applied on the remaining 
structure of the retina through the ILM can be estimated by

                                                                          (3)

where l and t are the length and width of the effective zone 
respectively, which is shown in Figure 4C. The remaining 
structure of the retina is fractured when the stress reaches to 
the failure stress σu of the retina without ILM. That is, 

                                                                            (4)

From Eqs. (1-2), it is observed that for a large area A, a small 
peel force P is required to tear the ILM. In addition, since the 
corresponding l is long, the stress applied on the retina without 
ILM is much smaller than that for the small area, which can 
be observed from Eq. (3). It means the break of the retina, 
the same as iatrogenic retinal tear, of the method with large 
peeled ILM is more difficult than the other method. From the 
perspective of mechanics, the ILM with larger equivalent crack 
length aeff is easier to peel and causes less damage to the retina.
According to the related properties of the retina mentioned 
in the literatures and proofs of mechanical formulas, it is not 
difficult to find that as the peeled area increases, the ILM can 
be peeled off with less force, which can reduce the damage of 
the ILM to a large extent. In addition, the increased effective 
zone of the retina, coupled with less force transmitted to the 
retina, results in less pressure on the remaining structure of the 
retina, which can significantly reduce the incidence of retinal 
rupture. Since iatrogenic retinal tear is most likely to occur 
in the macular fovea to form MH, our peeling approach of 
crossing the macular fovea as a whole significantly established 
a protection of macular fovea and solved this problem without 
requirements for special skills. 
For the comparison with the existing modified fovea-sparing 
ILM peeling, a large number of studies have shown that 
there was no difference in therapeutic effect and visual acuity 
recovery between non-fovea-sparing ILM peeling and fovea-
sparing ILM peeling[21-23]. However, the modified fovea-sparing 
ILM peeling still required multiple times of peeling, which 
greatly increased the stress on the retina and the formation of 
the retina tear. In the process of protecting the macular fovea 
from being peeled, it inevitably increased the possibility 
of damage to the retina except for the macular fovea area. 
Furthermore, it also needed to design a stripped shape and to 
deliberately change the force direction during the operation, 
greatly increasing the requirements of technical proficiency 
and skills. 
In addition to the reduction of stress, our ILM peeling 
method was successfully performed in all of our patients, 

demonstrating its effectiveness and feasibility. This method 
can be easily operated no matter how difficult the situation 
of ILM peeling was. Furthermore, the approach mainly 
only used ILM forceps, with the application of the curved 
membrane scraper only at the beginning, so there was no need 
for repeated changes of the above two instruments, providing 
great convenience and operability. However, our sample size 
was not large enough, and there was no designed control group 
for comparison; therefore, this technique needed to be further 
verified in the future. 
Finally, it should be pointed out that the use of IGC remained 
controversial because of its toxicity to retinal cells. However, 
recent researches have reported the clinical benefits, popularity 
and safety of ICG-assisted ILM removal[24-25]. For example, 
Shen et al[26] verified that ICG was safe at the clinically 
relevant concentration of 0.25% for a short period of exposure 
and Yuen et al[27] proved that ICG caused no toxicity at short 
exposure times (3min) and medium exposure times (30min), 
in contrast to the toxicity at medium exposure times of other 
dyes including brilliant blue G (BBG). Thus, it can be seen 
that the toxicity of ICG was connected with concentration 
and exposure time, and due to the convenience and speed of 
our novel technique with the operation time being controlled 
within 30min, the use of ICG was safe.
In conclusion, we implemented this surgical technique in 17 
cases with MF, and the ILM within the vascular arcades was 
successfully peeled in a wide range of one-piece consecutive 
manner without preservation of the epi-fovea ILM. The results 
showed that there was no occurrence of iatrogenic MH or other 
complications, accompanied by a good prognosis of restoration 
of the anatomical structure of the macular fovea and vision 
improvement.
In conclusion, the wide range of massive coherent peeling 
covering the macular fovea method possessed the advantages 
of resolution of the iatrogenic retinal tear and MH formation, a 
simple operation and a convenient technology without changes 
in the force direction and the design of stripped shapes, and 
free of repeated instrument changes. Hence, this technology 
can serve as an effective applicable surgical operation technique.
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