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Abstract 

The human amniotic membrane (hAM) has lately demonstrated interesting potential in its ret-

inal applications. Nowadays, the treatment of persistent macular holes is still a challenge. In 

this paper, we present a case of a hAM plug used to treat a persistent macular hole, with the 

purpose of highlighting the critical issues of this new surgical procedure. We performed a 23-

G pars plana vitrectomy and inserted a hAM plug (diameter of 1.5 mm) under the neuroretinal 

margins of the hole (diameter of 657 μm). A complete ophthalmic examination with the as-

sessment of best-corrected visual acuity (logMAR units, ETDRS letter score) and optical coher-

ence tomography (OCT) scans were collected at 1, 4, 6, and 10 weeks after surgery. Visual 

acuity changed from logMAR 1.0 (1) preoperatively to logMAR 1.0 (2), 1.0 (4), 0.9 (9), and 0.9 

(10) at 1, 4, 6, and 10 weeks of follow-up, respectively. The 1 week postoperative OCT did not 

show neuroretinal adhesion over the plug, but the following visits showed reattachment of the 

margins with partial neuroretinal ingrowth. These findings suggest that the correct adaptation 

of the size of the hAM plug to the macular hole is essential to allow the anatomical closure of 

the hole and potential functional results. © 2020 The Author(s) 

 Published by S. Karger AG, Basel 
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Introduction 

The human amniotic membrane (hAM) is an easily available tissue which has been al-
ready used for many ophthalmic applications. It is composed of an avascular stromal matrix 
and a basement membrane with a single layer of epithelium. Besides all its well-known appli-
cations in anterior segment surgery, recent preclinical studies demonstrated that the amniotic 
membrane (AM) is a valid support matrix for retinal pigmented epithelium (RPE) restoration 
[1, 2]. Ohno-Matsui et al. [1] proved that human RPE cells cultured on the basement mem-
brane side of dispase-treated AM did not lose their epithelial phenotype morphologically and 
showed an upregulation of many growth factors. The time required for RPE cells to regenerate 
was within 24 h of seeding. Furthermore, hAM had good results on RPE cells in the subretinal 
space in pigs [3]. In vivo hAM plug transplantation was recently adopted in a case of choroidal 
hole repair in a globe rupture [4] and in some cases of retinal breaks associated with retinal 
detachments and recurrent macular hole treatment [5–7]. Currently, the treatment of persis-
tent macular holes is still a challenge. The failure rate of primary surgery in idiopathic macular 
holes is less than 10% [8]. Possible causes are residual epiretinal traction, insufficient gas tam-
ponade, poor compliance by the patient in keeping face-down position, or unknown. After pri-
mary vitrectomy with peeling of the internal limiting membrane (ILM), it is difficult to find 
anatomic alternatives to be used as a plug inside the macular hole. Lately, modern approaches 
aimed to achieve the following goal: the use of an ILM plug peeled from the periphery of the 
posterior pole [9], a neurosensory retinal free flap [10, 11], or capsular lens fragments [12, 
13]. These techniques are difficult to handle and have a high rate of serious complications, 
such as intraoperative hemorrhages and retinal detachments. 

Here, we report the case of a patient with persistent macular hole who underwent hAM 
implantation surgery. Our goal is to highlight the critical aspects of this new technique and to 
show which of them can impact on the anatomical and functional final outcomes.  

Case Report 

We present the case of a 70-year-old female patient who had undergone a pars plana 
vitrectomy performed with peeling of the ILM and gas tamponade for an idiopathic macular 
hole. She was referred to our clinic 6 months later and diagnosed with a large persistent mac-
ular hole, which remained open despite the previous surgery.  

Preoperatively and at every follow-up visit (1, 4, 6, and 10 weeks), a complete ophthalmic 
examination was performed. It included refraction with the assessment of best-corrected vis-
ual acuity (logMAR units, ETDRS letter score), Goldmann applanation tonometry, standard 
fundus-dilated ophthalmic examination and spectral domain optical coherence tomography 
(OCT) (Spectralis HRA+OCT; Heidelberg Engineering, Heidelberg, Germany) with a manual 
measurement of the internal diameter of the macular hole with the inbuilt caliper tool. Every 
examination was taken by the same examiner, and the follow-up setting of the machine was 
used to perform OCT over time.  

The hAM was stored and cryopreserved in the tissue bank, located in our center in Torino. 
It was defrosted when delivered to our operating room. The hAM was cut intra-operatively 
with a full-thickness biopsy punch of 1.5 mm. It was then inserted in the vitreous chamber and 
in the subretinal space corresponding to the macular hole.  

The surgical procedure was carried out under retrobulbar anesthesia of lidocaine and 
ropivacaine mixed in equal volumes. A standard 3-port 23-G transconjunctival pars plana 
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vitrectomy (Optikon 2000 SpA, Rome, Italy) was performed. A hAM plug of 1.5 mm (diameter 
of the punch) was cut from its patch and then placed under the neuroretinal margins of the 
hole, which was 657 μm in diameter at its wider part (Fig. 1).  

The plug was inserted inside the vitreous cavity through a 23-G trocar after valve re-
moval. The hAM was positioned through the macular hole into the subretinal space, with its 
basal membrane faced up, and the chorion layer faced towards the RPE. The edges of the hole 
were stretched and raised to allow insertion of the plug into a hole with a smaller diameter. 
Inserting the hAM above the RPE, the margins of the hole where carefully detached and the 
hAM inserted under them, but the hAM still presented some folds at the end of the surgery.  

A fluid-air exchange was performed at the end of the surgery and the sclerostomies were 
sutured. Afterward, an injection of 0.8 μm of pure sulfur hexafluoride (SF6) was chosen as 
temporary endotamponade. Face-down positioning was recommended to the patient for 3 
days after surgery.  

Preoperative visual acuity (logMAR, ETDRS letter score) was 1.0 (1). The 1-week postop-
erative OCT did not show neuroretina adhesion over the hAM plug (Fig. 2). Visual acuity was 
logMAR 1.0 (2). The 4-week postoperative OCT showed reattachment of the margins and par-
tial neuroretinal ingrowth over the hAM plug, which was greater at the 6- and 10-week post-
operative OCT (Fig. 2), with no significant change of visual acuity: logMAR 1.0 (6) at 4 weeks, 
logMAR 0.9 (9) at 6 weeks, and logMAR 0.9 (10) at 10 weeks. No adverse events such as endo-
ocular inflammation or an increase of intraocular pressure were recorded during the follow-
up period. 

Discussion/Conclusion 

We performed a new surgical technique, recently proposed by Rizzo and colleagues [5–
7], which provides the transplantation of a hAM plug into the subretinal space in recurrent 
macular holes. This approach is indicated in eyes with persistent macular holes which have 
already undergone pars plana vitrectomy with peeling of the ILM.  

hAM patches are easy to obtain from the tissue bank and are also easy to manipulate in-
side the eye, differently from other techniques recently proposed, such as an autologous ILM 
plug [9], neurosensory retinal free flap [10, 11], or capsular lens fragments [12, 13]. The other 
techniques cannot promote retinal function restoration and surgical techniques require a 
longer surgical time and are more difficult, while the hAM plug has a potential role in the pro-
motion of neurosensory retinal regeneration. However, according to our results, further stud-
ies are needed to demonstrate its regenerative potential. The presence of growth factors se-
creted by the AM epithelial cells can stimulate neuroepithelial regeneration. Furthermore, 
studies on animals [14] showed that AM cells promote the recovery of neurologic functions. 
No immunogenic issues have been considered, as the AM is already widely used in ophthalmic 
anterior segment surgery and has no immunogenicity problems.  

In our case, a 10-week follow-up OCT showed partial regrowth of the retinal layers above 
the hAM. At 1 week the margins of the macular hole were still open. In contrast, Rizzo et al. [5] 
demonstrated complete macular hole closure with the neurosensory retina totally overfilling 
the hAM plug in all cases of hAM macular hole transplantation after 1 week (when the gas 
tamponade disappeared); therefore our result was not as we expected. We had two choices: 
inject an air bubble inside the vitreous chamber or watch and wait. We decided on the second 
option and registered the development of the hole. We noted the advance of the neuroretina 
above the hAM over time; we found that the hole was progressively closing at OCT imaging 
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from 1 week to 10 weeks postoperatively. The hAM was contracting, dragging the margins of 
the hole with it. Besides the partial closure of the hole, we could detect a very small visual 
change from 1.0 logMAR (1) to 0.9 logMAR (10) according to the ETDRS letter score. 

Considering our findings, we suggest two possible interpretations. The first is a regener-
ative effect of the hAM on the neurosensory retina, with its margins progressively moving for-
ward over the membrane. The second is that the progressive closure of the hole could simply 
be due to the shrinkage of the hAM with the retina in tow over time (see the hAM measure-
ments in Fig. 2).  

Regarding the persistence of the detachment of the margin 1 week after surgery, we think 
that the cause is the different dimension between the plug and the hole (punch of 1.5 mm, hole 
of 650 μm), leading to a centrifugal thrust against the edges of the hole. According to our ex-
perience, we suggest paying particular attention to the correct calibration of the membrane 
dimensions with respect to the hole, and we also consider that a minimal oversizing of the 
hAM could lead to a delay in the hole closure due to its implied mechanical obstacles.  
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Fig. 1. Preoperative OCT.  
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Fig. 2. Follow-up OCT scans at 1, 4, 6, and 10 weeks after hAM implant. 
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