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Abstract
● AIM: To evaluate the therapeutic effect of amniotic 
membrane (AM) for covering high myopic macular hole 
associated with retinal detachment following failed primary 
surgery.
● METHODS: Seventeen eyes of 17 patients whose axial 
length was more than 29 mm suffered from macular hole 
(MH) or MH associated with retinal detachment (RD), and 
had previously surgery of pars plana vitrectomy (PPV) with 
internal limiting membrane (ILM) peeling and silicone 
oil (SO) tamponade. Half a year after the surgery, optical 
coherence tomography (OCT) showed that MH did not 
heal in all 17 eyes and RD was still maintained in 13 eyes 
of these 17 eyes. We performed SO removal combined 
with AM covering on macular area and C3F8 tamponade, 
and phacoemulsification combined with intraocular lens 
implantation simultaneously cataract eyes. We followed up 
these patients for one year.
● RESULTS: In all 17 eyes, SO was removed successfully, 
MHs were healed and RDs were reattached. One eye 
(5.89%, 1/17) had AM shifted half a month after surgery 
and underwent a second surgery to adjust the position of 
the AM and supplement C3F8. After surgery, the visual acuity 
(VA) improved in 15 eyes (88.24%, 15/17), no change in two 
eyes (11.76%, 2/17). No serious complications occurred in 
all eyes.
● CONCLUSION: AM covering is helpful to rescue the 
previous failure surgery of high myopic MH. 
● KEYWORDS: amniotic membrane; high myopia; macular 
hole; retinal detachment
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INTRODUCTION

M yopia is a global public health problem. The 
population of myopia in China ranking first in the 

world is nearly 600 million, of which about 300 million are 
teenagers[1-3]. However, the further challenge of myopia is 
the increased risk of secondary diseases, including cataract, 
glaucoma, retinal detachment (RD), macular hole (MH), and 
macular degeneration. These secondary fundus lesions may 
lead to an irreversible loss of vision[4-5].
Secondary fundus lesions caused by pathological myopia (high 
myopia) is the second major cause of low vision and blindness 
after cataract in China[6]. Pathological myopia macular hole 
(PMMH) and its related complications are difficult points in 
current clinical treatment. 
Patients with PMMH always have the characteristics of 
long ocular axis, complicated with retinal choroid atrophy, 
posterior scleral staphyloma, tight adhesion of vitreous 
body and abnormal peripheral retina, so that the difficulty of 
operation is much higher than that of ordinary MH operation, 
which poses a challenge to the doctors of fundus disease[7]. 
The standard treatment of PMMH was pars plana vitrectomy 
(PPV) with internal limiting membrane (ILM) peeling and 
endotamponade[8]. And the healing rate of PMMH in reports 
from different countries and regions is between 60% and 
70%[9-11].
The low success rate of first surgery necessarily requires a 
second operation. It is one of the problems that need to be 
solved urgently for operators that how to improve the success 
rate in more complex secondary surgery. To solve this problem, 
Capoross et al[7] invented a technique named human amniotic 
membrane (hAM) tamponade to treat recurrent MH and had 
achieved perfect effect in clinical application. However, this 
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technique still has disadvantages of complicated operation 
and iatrogenic injury. Inspired by this study, we improved this 
technique. The improved technique of covering AM for rescuing 
failed primary surgery of PMMH had gained good effect.
SUBJECTS AND METHODS
Ethical Approval  This is a prospective non-control case study. 
The case data were obtained from Wanjiang Eye Hospital of 
Mianyang. All subjects signed informed consent. And the study 
was approved by the Medical Ethics Committee of Wanjiang 
Eye Hospital of Mianyang and in accordance with the ethical 
requirements of clinicl trials and the Declaration of Helsinki.
Inclusion Criteria  The primary disease of all cases was 
PMMH associated with RD and the axial length was more 
than 29 mm. The first surgery of PPV with ILM peeling and 
silicone oil (SO) tamponade was performed in our hospital or 
other hospitals. The MH was not healed or accompanied by 
RD more than half a year. 
Exclusion Criteria  The ocular axial length was less than 29 mm. 
The cases had undergone the surgery of macular buckling or 
posterior scleral reinforcement. The cases could not, or had no 
value for second surgery because of systemic disease, ocular 
inflammation, or already blindness.
Preoperative Examination  All patients underwent 
comprehensive ophthalmologic examination before surgery, 
including visual acuity (VA), intraocular pressure (IOP), slit 
lamp microscopy examination, fundus examination, optical 
coherence tomography (OCT; Heidelberg Spectralis OCT) 
examination of macular area, fundus photography. The best-
corrected visual acuity (BCVA) was converted to logMAR VA.
Surgical Technique  All subjects were treated with SO 
removal combined with biological amniotic membrane (bAM; 
Ruiji Co., Ltd., Jiangxi Province, China) covering on MH and 
C3F8 tamponade. The specific methods were as follows: 1) 
All patients underwent the SO removal firstly with a 3-port, 
25-gauge surgical incision. 2) Phacoemulsification combined 
with intraocular lens (IOL) implantation was performed 
simultaneously in the case with cataracts. 3) The vitreous 
cavity was injected with triamcinolone acetonide (TA) to 
observe whether there was residual vitreous cortex, and if so, 
the residual vitreous cortex should be thoroughly removed. 
4) After staining ILM by indocyanine green, we observed 
whether there was any residual ILM around MH and whether 
the peeling range of ILM was sufficient in the previous 
operation. And the peeling range of ILM would be extended if 
necessary. After the first two steps completed, the liquid under 
the retina was removed by fluid-air exchange. A 2×3 mm2 
peeling range AM was pre-soaked in balanced saline use ILM 
tweezers, then passed the transplant through a 25-gauge valved 
trocar into the vitreous cavity and laid flat on the surface of 

MH. And adjusted the position of the transplant to the middle 
of the MH, make sure the edge of transplant was exceeded 
the MH (Figure 1). The flute needle was used to remove 
residual liquid around the transplant so that it was tightly 
attached retina and no longer moved. Last, 13% C3F8 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, with anti-inflammatory and symptomatic 
treatment. All patients were reexamined OCT and scanning 
laser ophthalmosocopy (SLO) in 2wk, 1, 3, 6, and 12mo after 
surgery.
Statistical Analysis  The SPSS 23.0 software was used for 
statistical analysis. The measurement data were expressed 
by mean±standard deviation. The independent sample t-test 
was used for comparison between groups, and matching 
sample t-test was used for comparison among groups, and the 
difference was statistically significant with P<0.05. The Chi-
square and the exact probability method were used to compare 
the counting data between two groups.
RESULTS
A total of 17 eyes of 17 subjects met the inclusion criteria, and 
all subjects completed the treatment and one year follow-up 
without missing. The subjects included 6 males and 11 females 
with an average age of 49.18±5.42 (ranged 39 to 58)y. The mean 
preoperative BCVA was 1.66±0.22 (logMAR), and the mean 
ocular axial length was 30.28±1.04 (ranged 29.10 to 32.41) 
mm. Fourteen eyes had posterior sclera staphyloma, 12 eyes 
were combined with high IOP secondary to SO emulsification, 
3 eyes combined with IOL eye, 14 eyes combined with 
cataracts. The basic clinical features before surgery are shown 
in Table 1. 
SO was removed successfully from all eyes, MH healed, 
and RD reattached. The recovery conditions of typical cases 
are shown in Figures 2 and 3. After surgery, one patient 
(5.89%, 1/17) was found AM translocation half a month, 
then performed a second operation to adjust AM and C3F8 

tamponade. The VA improved in 15 eyes (82.35%, 15/17), 
no change in 2 eyes (11.76%, 2/17). The mean VA was raised 
from 1.66±0.22 before surgery to 1.08±0.27 (t=9.83, P<0.01). 
Comparison of the indicators of the patients before and after 
surgery are shown in Table 2. No serious complications 
occurred in all cases. The postoperative data in Tables 1, 2 and 
Figures 2, 3 were all 12mo after surgery.
DISCUSSION
The PMMH and its related complication (MH associated 
with RD) seriously affect the visual function of patients. If 
the treatment is not timely, the risk of secondary blindness 
and eye atrophy is extremely high. The treatment of PMMH 
mainly depends on surgery. Although there are many 
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surgical techniques in clinical treatment, the curative effect is 
unsatisfactory or the surgery is difficult to be popularized due 
to technical difficulties.
Based on the low success rate of routine surgery, the scholars 
from all over the world have made a lot of improvements 

and innovations in surgical techniques. The technique mainly 
focused on the treatment method of ILM and the healing of 
MH, including autologous transplantation of ILM[12], inverted 
ILM flap[13-15], MH edge massage[16-17], autologous blood 
covering[18-19], lens capsule transplantation[20], autologous 

Figure 1 Operating procedure of bAM covering  A: Peeling off the appropriate range of ILM (black dashed line) and spreading the bAM 
(gray rectangle) flat on the surface of MH (red dashed line); B: The structural relationship between bAM (blue tissue) and retina (yellow tissue) 
in transverse section. bAM: Biological amniotic membrane; ILM: Internal limiting membrane; MH: Macular hole.

Figure 2 Information of the No.5 patient  A, B: The OCT of macular area before operation showed the failure of MH recovery with macular 
regional RD; C, D: The OCT of macular area after operation showed that RD was reattached and MH was healed by covering AM (white arrow). 
E: The SLO before operation showed the failure of MH recovery with macular regional RD; F: The SLO after operation showed AM (white 
arrow) covered the MH. RD: Retinal detachment; MH: Macular hole; SLO: Scanning laser ophthalmosocopy; AM: Amniotic membrane. 

Figure 3 Information of the No.15 patient A: The patient with PMMH associated with RD underwent underwent the failed primary surgery. 
The edges of MH were reattached, but the central tissue defected; B: The same patient underwent second surgery of AM covering. The central 
defect tissue of MH reached complete healing after covering AM (white arrow). PMMH: Pathological myopia macular hole; RD: Retinal 
detachment; MH: Macular hole; AM: Amniotic membrane.

Amniotic membrane for covering high myopic macular hole
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transplantation of retinal free flap[21], the hAM plug[11,22], etc. 
These innovative techniques have made some achievements in 
improving the healing rate of MH.
However, the above techniques still have some drawbacks. 
The techniques related to ILM require excellent surgical ability 
of operator and need long time to learn these techniques[23-24]. 
In addition, for those patients in this study who already had 
the ILM peeling but failed to achieve MH healing and retinal 
reattaching, there is no surplus ILM in their macular region. 
Therefore, the above techniques are useless for these patients.
The techniques such as MH edge massage and autologous 
blood covering only assist MH healing, but have no essential 
improvement in the overall clinical effect.
The lens capsule transplantation, autologous transplantation 
of retinal free flap, and other innovative techniques can be 
applied in patients with recurrent and refractory MH in our 
study. In particularly, autologous transplantation of retinal free 
flap requires cutting a piece of retinal tissue in the peripheral 
retina. This operation itself may cause a new harm to retina, 

and is prone to occur complications such as choroidal and 
retinal hemorrhage. The two kinds of surgical techniques also 
require extremely high skill of the operator and are not suitable 
for wide application.
In recent two years, the technique of amniotic membrane 
(AM) plug has been paid more and more attention and favor 
because of its low cost and high healing rate of MH. The 
so-called AM plug is a kind of technique which transplant 
the AM, as embolus, under the MH and between the retinal 
neuroepithelium and pigment epithelium to plug hole, and 
promote MH healing. In fact, AM as an adjunctive therapy 
is nothing new, which has been applied in various clinical 
specialties, and play a good role in promoting the treatments 
of many diseases[25-26]. For example, the AM is used to assist 
the treatment of otitis media with tympanic membrane 
perforation in otolaryngology[27], and used to assist ocular 
surface reconstruction and prevent symblepharon in operation 
of severe ocular surface diseases in the specialty of ophthalmic 
keratopathy[28-29], and so on. But the application of AM in 

Table 1 Demographic ophthalmologic characteristics and postoperative outcomes

ID Age, y Sex Eye Lens status Axial length 
(mm)

Posterior sclera 
staphyloma

IOP 
(mm Hg)

Preop. BCVA 
(logMAR)

Postop. BCVA 
(logMAR)

1 46 M OD Opacity 30.00 Yes 32.00 2.00 1.40
2 42 M OD Opacity 30.20 Yes 31.40 1.69 1.10
3 48 F OS Opacity 29.70 Yes 30.20 2.00 1.20
4 55 F OD IOL 31.20 Yes 24.00 1.60 0.90
5 51 F OD Opacity 30.19 Yes 22.00 1.50 1.00
6 39 F OD Opacity 29.92 Yes 25.00 1.69 1.10
7 40 F OS Opacity 29.51 Yes 31.30 2.00 1.20
8 49 F OD Opacity 29.80 No 30.70 1.60 0.90
9 51 M OS IOL 32.41 Yes 21.80 1.50 1.00
10 54 M OS Opacity 32.10 Yes 24.70 1.69 1.69
11 58 F OD Opacity 29.60 No 18.70 1.40 0.90
12 55 F OS Opacity 29.40 Yes 30.40 1.50 1.50
13 54 M OS Opacity 30.32 Yes 15.80 1.30 0.70
14 48 F OD IOL 32.10 Yes 16.90 2.00 1.20
15 46 M OS Opacity 29.10 Yes 29.50 1.69 0.90
16 52 F OD Opacity 29.30 No 14.30 1.50 0.80
17 48 F OD Opacity 29.86 Yes 17.70 1.60 0.82

M: Male; F: Female; IOL: Intraocular lens; IOP: Intraocular pressure; BCVA: Best-corrected visual acuity; Preop.: Preoperative; Postop.: 
Postoperative.

Table 2 Indicators of the patients before and after surgery                                                                                                                                      n

Parameters Macular hole 
healing

Retinal 
detachment IOL IOP 

(mm Hg)
Axial length 

(mm)
Need to use IOP-
lowering drugs

BCVA 
(logMAR)

Preop. 0 13 3 24.49±6.19 30.28±1.04 12 1.66±0.22
Postop. 17 0 17 17.83±3.64 30.26±1.02 3 1.08±0.27
t, P P<0.01 P<0.01 P<0.01 t=5.63, P<0.01 t=1.82, P=0.09 P<0.01 t=9.83, P<0.01

Preop.: Preoperative; Postop.: Postoperative; IOL: Intraocular lens; IOP: Intraocular pressure; BCVA: Best-corrected visual acuity. 
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the treatment of MH is an innovation. The representative 
researches were from the team of Caporossi et al[7]. These 
researches verified good curative effect of AM plug in treatment 
of patients with PMMH and MH associated with RD[22,30].
However, the technique of AM plug still needs to be discussed 
and improved in clinical application. The disadvantages 
of using AM plug invented by Caporossi et al[7] can be 
summarized as follows: the AM is filled between the retinal 
nerve epithelium and retinal pigment epithelium (RPE) during 
operation, which may touch or damage the RPE under the MH 
and damage visual function. Because the AM was plugged in 
the retinal interlayer, the structure of macular area is disordered 
after the MH healing, and the influence to macular function 
cannot be ignored. And bimanualness is required during the 
operation, so that an extra surgical incision will be added when 
the ceiling lamp is used. Furthermore, after MH filled by AM, 
subretinal fluid needs to be removed from a drainage hole 
artificially cut from the posterior retina. These two operating 
steps increase the harm to retina. Compared with autologous 
transplantation of retinal free flap, AM plug has significantly 
reduced iatrogenic injuries and improved clinical efficacy. 
But based on the above analysis, this technique has space for 
further upgrading and improvement.
Based on the previous researches, our team proposed a new 
technique named AM covering. The difference between this 
new technique and AM plug is that the AM only covers on 
the surface of MH and will not damage the RPE below the 
MH. And MH still heals according to its own anatomical 
structure. And there is no harmful effect on the outer structure 
of retina, which maximally protects the visual function of 
patients theoretically. During the operation, the subretinal fluid 
was removed through MH, and there is no need to add extra 
iatrogenic retinal hole as internal drainage, so as to reduce 
iatrogenic injury. The operation is easy and can be performed 
with only one hand, and there is no need of the ceiling light 
and fourth incision. As shown in Figure 2B and 2D, the 
AM was located on the surface of macular area, the macular 
structure was clear, and the MH was completely healed. The 
Figure 3A showed the macular structure of a patient with 
PMMH associated with RD who underwent the surgery of 
PPV with ILM peeling and SO tamponade. As shown in the 
Figure 3A, the edge of MH was attached but the central tissue 
lost after the previous surgery. The Figure 3B showed the 
macular structure of this patient after second surgery of AM 
covering. The central lost tissue of foveal reached complete 
healing. In this study, the removal of SO, reattached of RD 
and healing of MH were all achieved in these 17 patients who 
underwent failed primary surgery. This result showed that the 
technique of AM covering can achieve the same therapeutic 
effect as AM plug. 

The material used in this study was bAM rather than fresh 
hAM mentioned in the research[22]. The advantage of bAM is 
that this material is easy to obtain and can be used directly, 
while fresh hAM requires temporary processing of grafts, 
and there is a potential transmission risk of infectious disease. 
Although the main disadvantage of bAM is that it provides less 
somatomedin than fresh hAM during HM healing, bAM has 
played a good therapeutic effect in promoting MH healing in 
our research.
In summary, the technique of AM covering uses the materials 
which are easy to obtain, and has potential advantages 
such as no damage and short learning curve. The design 
of this technique avoids the defects of previous surgical 
techniques, improves the success rate of surgery for MH and 
MH associated with RD, and protects the visual function of 
patient to the maximum extent. This technique is especially 
suitable for the patients who have unhealed MH after multiple 
operations and have no ILM in macular area. Limited to 
the small number of cases in this study, more randomized 
controlled studies with a longer follow-up period are needed to 
corroborate our results. 
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