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Abstract
● AIM: To evaluate the clinical effect of a new surgery 
technique (covering corneal stromal lenticule, CSL) for 
macular hole (MH) in pathological myopia.
● METHODS: This was a prospective non-randomized 
series case study. Fourteen eyes of 14 patients whose axial 
length were more than 29 mm and suffered from MH and 
macular hole retinal detachment (MHRD) were included in 
this study. All cases were treated with 25-gauge pars plana 
vitrectomy (PPV) with internal limiting membrane (ILM) 
peeling, covering CSL and C3F8 gas tamponade. These cases 
were followed for 6mo, and the best-corrected visual acuity 
(BCVA), healing status of MH, the reattached rate of retinal 
detachment (RD), and reoperation rate were analyzed.
● RESULTS: All cases were successfully performed the 
surgery and the postoperative follow-up was completed. 
After surgery, MHs were healed in all 14 eyes (100%, 
14/14) after assessed by optical coherence tomography. 
The reattachment of retina was achieved in all 6 eyes 
(100%, 6/6) with MHRD. BCVA was improved in 12 eyes 
(85.71%, 12/14), and had no significant change in 2 eyes 
(14.29%, 2/14). The overall mean BCVA was improved from 
1.80±0.77 to 0.82±0.46 logMAR (F=10.46, P<0.01). No 
serious complications occurred in all cases.
● CONCLUSION: The new surgery technique (covering 
CSL) has high reattached rate of RD and high healing rate 
of MH in pathological myopia in the preliminary study. And 
it can effectively improve the visual function of patients. 
This new technique offers meaningful new ideas for treating 
refractory MH in pathological myopia. 
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pathological myopia
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INTRODUCTION

C ompared to the macular hole (MH) and macular hole 
retinal detachment (MHRD) with normal ocular axis, 

MH and MHRD in pathological myopia with super-long 
ocular axis are often accompanied by retinochoroidal atrophy, 
posterior scleral staphyloma, tight adhesion of vitreous body 
and abnormal peripheral retina and other characteristics[1]. Due 
to these abnormal characteristics of pathological myopia, the 
surgery to treat these kinds of diseases is much more difficult 
than the ordinary MH surgery. And due to the lack of sufficient 
internal limiting membrane (ILM) in the atrophied macular 
area to cover the MH, the healing rate of MH is also low. 
The healing rate of pathological myopia MH in reports from 
different countries and regions is between 60% and 70%[2-4].
To improve the success rate of surgery, the team of professor 
Tomaso Capoross invented a technique named human amniotic 
membrane (AM) tamponade to treat pathological myopia 
MH and had achieved perfect effect in clinical application[5]. 
However, the AM is not a completely transparent tissue and it 
can form a corresponding translucent area on the macular area. 
The translucent area can theoretically have an influence on the 
vision or visual field. Inspired by this study, we proposed a 
novel surgical method that covering fully transparent corneal 
stromal lenticule (CSL) on the MH to promote MH healing. 
And this new surgery technique had achieved satisfactory 
effect in clinical trials. Therefore, we have reported our study 
as follows.
SUBJECTS AND METHODS
Ethical Approval  This was a prospective non-randomized 
series case study. The case data were obtained from inpatient 
department at Mianyang Wanjiang Eye Hospital. All the 
subjects signed informed consent. And the trial protocol was 
approved by the Medical Ethics Committee of Mianyang 
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Wanjiang Eye Hospital (the approval number: WJYK-04) and 
in accordance with the ethical requirements of clinical trials 
and the Declaration of Helsinki.
Inclusion Criteria  The primary disease of all cases was 
MH or MHRD with pathological myopia and the ocular axial 
length was more than 29 mm.
Exclusion Criteria  The ocular axial length was less than 29 mm. 
The cases had undergone the surgery of macular buckling, 
posterior scleral reinforcement or any other vitreoretinal 
surgery. The cases could not, or had no value for second 
surgery because of systemic disease, ocular inflammation, or 
already blindness.
Preoperative Examination All subjects underwent 
comprehensive ophthalmologic examination before surgery, 
including best-corrected visual acuity (BCVA), intraocular 
pressure (IOP), slit lamp biomicroscopy examination, 
fundus examination, optical coherence tomography (OCT; 
Heidelberg Spectralis-OCT, Germany) examination of macular 
area, scanning laser ophthalmoscope (SLO; Optos, UK) 
examination. The BCVA was converted to logMAR visual 
acuity to facilitate statistical analysis.
Preparation of Corneal Stromal Lenticule  The CSL 
(between 40–90 μm thickness) was obtained from small 
incision lenticule extraction (SMILE) surgery by femtosecond 
laser and stored in glycerol anhydrous at ultra-low temperature. 
The CSL was taken out of glycerol during pars plana vitrectomy 
(PPV), washed with balanced salt solution and stained with 
indocyanine green to facilitate identification during intraocular 
operation. And the CSL was trimmed to 3×3 mm2 size with 
microscopic scissors to cover the MH (Figure 1). 
Surgical Methods  All subjects were treated with 25-gauge 
PPV with ILM peeling, covering CSL and C3F8 gas 
tamponade. The specific methods were as follows. The 
vitreous was excised through a 3-port, 25-gauge surgical 
incision. Triamcinolone acetonide was injected into vitreous 
cavity to completely remove the posterior vitreous cortex. 
The ILM of macular area was peeled after indocyanine green 
staining. The liquid under the retina was removed by fluid-
air exchange. Retinal photocoagulation was performed if 
there were retinal holes or retinal degeneration areas in the 
surrounding retina. Then, a piece of 3×3 mm2 pre-processed 
CSL was passed the vitreous cavity through a 25-gauge valved 
trocar and laid flat on the surface of MH. The position of CSL 
should be in the middle of the MH, and the CSL should cover 
the edge of the MH. The residual liquid around the CSL was 
removed with a flute needle to keep the CSL tightly attaching 
retina and no longer moving (Figure 2). At last, 13% C3F8 gas 
was injected into vitreous cavity and the incision was sutured. 
After the surgery, the patients need to rest in face down or 
lateral position for 2 to 3wk, given anti-inflammatory and 

symptomatic treatment, monitored BCVA and IOP. All patients 
were reexamined with OCT and SLO in 1, 3, and 6mo after 
surgery.
Statistical Analysis  The SPSS 26.0 software was used for 
statistical analysis. The BCVA and IOP as measurement data 
were expressed by mean±standard deviation and analyzed by 
variance analysis with one-way repeated measures. The within-
subject effect test was used for P>0.05 in Mochi sphericity 
test, α test. The multivariate test was used for P<0.05 in Mochi 
sphericity test, α test. The indicators for each time period 
were compared using the LSD-t test. The χ2 test was used to 
compare the count data between two groups. If 1≤theoretical 
frequency<5, Chi-square should be corrected. If theoretical 
frequency<1, the Fisher exact probability method was used.

Figure 1 Preparation of the graft  The CSL was obtained from SMILE 

surgery and stored in glycerol anhydrous at ultra-low temperature. 

During PPV, the CSL was taken out of glycerol and washed with 

balanced salt solution and stained with indocyanine green to 

facilitate identification during intraocular operation. And the CSL 

(white arrow) was trimmed to 3×3 mm2 size with microscopic scissors 

to cover the MH. CSL: Corneal stromal lenticule; SMILE: Small incision 

lenticule extraction; PPV: Pars plana vitrectomy; MH: Macular hole.

Figure 2 Covering the CSL on the MH  A piece of 3×3 mm2 pre-

processed CSL (white arrow) was passed the vitreous cavity through a 

25-gauge valved trocar and laid flat on the surface of MH. The position 

of CSL should be in the middle of the MH, and the CSL should cover 

the edge of the MH. The residual liquid around the CSL was removed 

with a flute needle to keep the CSL tightly attaching retina and no 

longer moving. CSL: Corneal stromal lenticule; MH: Macular hole.

Corneal stromal lenticule for macular hole 
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RESULTS
A total of 14 eyes of 14 subjects met the inclusion criteria, and 
all subjects completed the treatment and half a year follow-
up without missing halfway. The subjects were 3 males and 11 
females with an average age of 55.8±11.6 (ranged 27 to 74)y. 
The mean preoperative BCVA was 1.80±0.77, and the mean 
ocular axial length was 30.3±0.9 (ranged 29.0 to 31.4) mm. 
The basic preoperative information of the subjects was shown 
in Table 1. The retina was reattached in all 6 eyes with MHRD. 
MHs were healed in all subjects (14 eyes). The typical cases of 
recovery of the macular area were shown in Figures 3 and 4. 
The mean BCVA of postoperative follow-up in 1, 3, and 6mo 
were 1.48±0.63, 1.06±0.47, and 0.82±0.46 logMAR.
At the last follow-up (6mo after surgery), the BCVA was 
improved in 12 eyes (85.71%, 12/14), had no significant 
change in 2 eyes (14.29%, 2/14). The overall mean BCVA was 
improved from 1.80±0.77 to 0.82±0.46 (F=10.46, P<0.01).
The IOP of all subjects was kept within normal limits. No 
intraocular rejection, infection and other serious complications 
occurred after surgery. The comparisons of preoperative and 
postoperative indicators are detailed in the Tables 2 and 3.

DISCUSSION
Pathological myopia MH and its related complications 
(MHRD) seriously affect the visual function of patients. If the 
treatment is not timely done, the chance of secondary blindness 
and eyeball atrophy is extremely high. This disease mainly 
relies on surgery for treatment. 
At present, the routine surgical method is PPV with ILM 
peeling on macular area and intraocular tamponade. And 
the healing rate of pathological myopia MH in reports from 
different countries and regions is between 60% and 70%[2-4]. In 
view of the inherent defects of the low success rate of routine 
surgery, scholars from all over the world have carried out a 
lot of technical improvement and innovation on pathological 
myopia MH surgery from inside and outside the eyeball. 
Among them, the internal surgical innovation techniques 
which represented by PPV include: ILM peeling[6], ILM 
translocation[7], ILM plug[8], inverted ILM flap[9], MH edge 
massage[10-11], autologous blood covering[12-13], lens capsule 
transplantation[14], autologous neurosensory retinal free 
flap[15], and the human AM plug[16], etc. The external surgical 
innovation techniques which represented by posterior scleral 

Table 1 The basic information of the subjects before surgery

ID Sex Age (y) Eye Axial length (mm) MH diameter (μm) Combined with RD
1 F 44 OS 31.4 518 No
2 M 74 OS 29.7 624 Yes
3 F 55 OD 30.0 627 Yes
4 F 53 OS 29.6 662 Yes
5 F 58 OS 29.3 660 Yes
6 M 72 OS 30.2 611 Yes
7 M 56 OS 30.5 643 No
8 F 62 OD 29.0 702 No
9 F 59 OD 30.2 1116 No
10 F 49 OS 30.5 1111 No
11 F 58 OD 32.6 762 No
12 F 51 OS 29.9 1325 No
13 F 63 OD 30.7 357 Yes
14 F 27 OS 31.2 807 No

OD: Oculus dexter; OS: Oculus sinister; MH: Macular hole; RD: Retinal detachment.

Table 2 Comparison of BCVA and IOP before and after surgery                                                                                                                                   mean±SD

Parameters Preop. Postop. 1mo Postop. 3mo Postop. 6mo F P Partial Eta squared Sphericity test
BCVA, logMAR 1.80±0.77 1.48±0.63 1.06±0.47 0.82±0.46 10.46 0.00 0.74 0.00
IOP, mm Hg 16.64±3.69 17.55±4.75 17.08±3.29 17.34±2.28 0.44 0.73 0.11 0.02

BCVA: Best-corrected visual acuity; IOP: Intraocular pressure.

Table 3 Recovery situation of MH and RD                                                                                                                                                                                        n

Parameters
MH RD Ellipsoid zone

Healed Unhealed Detachment In situ or reattachment Continuity Discontinuity

Preop. 0 14 6 8 0 14
Postop. 14 0 0 14 5 9
P 0.00 0.02 0.04

MH: Macular hole; RD: Retinal detachment.
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reinforcement[17] are derivated as posterior scleral shortening. 
Compared with routine surgery, although the above innovation 
techniques can significantly improve the healing rate of pathological 
myopia MH, there are still defects that cannot be ignored.
ILM related surgical techniques (ILM plug, ILM translocation, 
etc.) require extremely high skill of the operator. Even 
experienced ophthalmologists may not be able to perform the 
perfect surgical design for every patient. At the same time, the 
integrality of ILM of macular area is also the key factor which 
restricts the success of the surgery. In contrast, the techniques 
such as MH edge massage, autologous blood covering have 
low requirements on the operator. However, these techniques 
can only play a role in assisting MH healing, but have no 
substantial contribution to the overall clinical effect.
Autologous or allogeneic lens capsule transplantation, 
autologous neurosensory retinal free flap, and other innovation 
techniques are mostly used for recurrent, refractory MH 
surgery. Because these patients had already undergone one 
or more surgeries, there was no excess ILM to provide in 
macular area. These surgical techniques only are expedients. 

Autologous neurosensory retinal free flap in particular requires 
cutting a piece of retinal tissue in the peripheral retina, and 
this operation itself can cause a new harm to the patient. 
The external surgeries such as scleral shortening or posterior 
scleral reinforcement have long been faced with the problem 
of complex surgical methods and have a potential risk of 
compression ischemia in the macular area.
Our team has made technical improvements on the basis of 
human AM plug[5,16] technique invented by professor Tomaso 
Capoross, and developed it into a new technique named AM 
covering for MH[18], and successfully applied it to repair of 
MH. Compared with the previous techniques of plugging, 
the advantages of our technique are as follows: the AM only 
covers the surfaces of the MH and does not damage the 
retinal pigment epithelium below the MH, the healing of MH 
is according to its own anatomic layers, which has no effect 
on the structure of the outer retina. This technique greatly 
improves the healing rate of MH without increasing iatrogenic 
damage. But due to the opacity of AM, it more or less affects 
the visual quality of patients. To solve this problem, we need 
to find an easily available, transparent, and biocompatible 
material to replace the ILM and AM, which can perfectly fit 
the surgical method of covering.

Figure 4 Information of the No.8 patient  A, C: The OCT and SLO 

of macular area show an MH before PPV; B, D: The OCT and SLO 

of macular area show that MH was healed by covering CSL (white 

arrow) after PPV. Since the CSL is completely transparent, the CSL 

is almost invisible in SLO. OCT: Optical coherence tomography; SLO: 

Scanning laser ophthalmoscopy; PPV: Pars plana vitrectomy; MH: 

Macular hole; CSL: Corneal stromal lenticule.

Figure 3 Information of the No.4 patient  A, C: The OCT and SLO 

of macular area show an MHRD before PPV; B, D: The OCT and SLO 

of macular area show that RD was reattached and MH was healed 

by covering CSL (white arrow) after PPV. The yellow triangles point 

to ellipsoid zone of continuity healing. The black arrow points to 

the boundary of the C3F8 gas that had not yet been absorbed. OCT: 

Optical coherence tomography; SLO: Scanning laser ophthalmoscopy; 

PPV: Pars plana vitrectomy; RD: Retinal detachment; MH: Macular 

hole; MHRD: Macular hole retinal detachment; CSL: Corneal stromal 

lenticule.

Corneal stromal lenticule for macular hole 
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CSL is a kind of transparent material which can be obtained by 
SMILE surgery. The CSL, consisting of collagen fibrolamellar, 
is the anterior layer tissue of the stroma in the central corneal 
region. And the main cellular component between the 
fibrolamellar is the corneal stromal cells. Previously, the CSL 
removed by femtosecond laser was often discarded directly. 
In recent years, the clinical and fundamental investigations of 
CSL have gradually begun to treat hyperopia[19], presbyopia[20], 
corneal ulcer[21], corneal perforation[22], keratoconus[23] and 
so on. We consider that since the CSL itself is a natural 
tissue of the eye and its biocompatibility, permeability and 
comprehensive property are better than AM, if it can be 
applied to fundus or macular surgery, it can theoretically play a 
positive role in the recovery of patients’ visual function. Based 
on this idea, our team innovatively proposed a new method 
that covering the CSL on MH to promote the healing of hole.
Therefore, we selected CSL with a thickness of 40–90 μm 
which extracted from SMILE surgery and stored in eye 
bank laboratory of Mianyang Wanjiang Eye Hospital. Since 
this surgery technique did not require the cellular activity 
of CSL, we chose the anhydrous glycerol to store the CSL, 
which method was both easy and cost-effective. Therefore, 
we aseptically processed this kind of CSL and stored it into 
anhydrous glycerol at ultra-low temperature. It had been shown 
that cell-free CSL could be stored in this way for up to 5y[24]. 
Each CSL was managed according to corneal transplantation 
specification and met the requirements of nosocomial infection.
In this study, all 14 eyes of 14 subjects achieved HM healing 
and retina reattached, and the forms of HM healing were as 
follow: the transparent CSL covered on the surface of the MH, 
the MH was healed according to its own anatomical hierarchy 
and had no iatrogenic damage on the outer retinal structure, 5 
subjects achieved HM healing with ellipsoid zone continuity. 
The majority of the cases (12 cases) had BCVA improvement. 
No intraocular rejection or inflammatory reactions occurred 
in all cases. Limited to the current small sample numbers and 
short observation time, more clinical studies are still needed to 
verify and explore its mechanism and clinical significance.  
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