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Abstract

Purpose To investigate the structural and functional

reconstruction of the macula after autologous neu-

rosensory retinal-free flap transplantation (ANRFFT)

in eyes with large refractory idiopathic macular holes

(IMHs).

Methods Patients with refractory IMHs after multi-

ple surgeries who underwent ANRFFT were retro-

spectively reviewed. The main outcomes were

anatomic closure of MH, change in external limiting

membrane (ELM) defect on optical coherence tomog-

raphy (OCT) and best-corrected visual acuity

(BCVA).

Results A total of 7 patients (4 female and 3 male;

mean age 60.6 ± 8.6 years) were included in the

study. Mean preoperative largest basal diameter was

1146.7 ± 413.7 lm (range, 653–1768 lm), and mean

narrowest inner-opening diameter was

788.9 ± 148.8 lm (range, 644–1100 lm). Mean

BCVA (logarithm of the minimum angle of resolution

[logMAR]) significantly improved from 1.53 ± 0.16

(range, 1.3–1.7) to 0.89 ± 0.23 (range, 0.6–1.3) at the

final follow-up (P\ 0.001). OCT revealed complete

closure of MH in all eyes. Mean preoperative ELM

defect significantly decreased from

1450.3 ± 306.5 lm (range, 1044–1908 mm) to

533.1 ± 399.2 lm (range, 0–1156 lm, P = 0.001).

Postoperative complications included retinal detach-

ment (n = 1), cystoid macular edema like changes in

the graft (n = 1) and reactive pigment epithelial

hyperplasia (n = 1).

Conclusion Although some postoperative complica-

tions did occur, ANRFFT seems to be an effective

treatment for large refractory IMHs, and can promote

recovery of the outer retinal structure resulting in

functional improvement.

Keywords Autologous neurosensory retinal

transplantation � Refractory macular hole �Vitrectomy

Introduction

Macular hole (MH) is a full thickness defect of

the retinal tissue in the center of the fovea, with a

prevalence rate ranging from 0.02% to 0.8% in

persons older than 40 years [1, 2]. Recently, vitreo-

retinal surgeons have been focusing on refining and

developing novel surgical techniques for MH.

Although a high anatomical success rate can be

achieved for idiopathic macular holes (IMHs) with
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pars plana vitrectomy (PPV) and internal limiting

membrane (ILM) peeling, treatment of large and/or

refractory IMHs possesses a challenge [3, 4]. It has

been reported that patients with failed primary surgery

for idiopathic MH have both poorer anatomic and

visual prognosis after the second procedure [4].

Therefore, in the past decade, a variety of modified

surgical techniques have been described in the treat-

ment of recurrent macular holes such as autologous

anterior or posterior lens capsule flap [5], arcuate

retinotomy on the MH margin [6], macular hole

hydrodissection [7], retina expansion technique for

macular hole apposition [8], ILM flap transplantation

(inverted or free flap) [9, 10], adjuvant blood compo-

nents [11] and amniotic membrane transplantation

[12]. Recently, Grewal et al. [13] reported a novel

method for refractory myopic MH repair, which

involved an autologous neurosensory retinal-free flap

transplantation (ANRFFT). After the initial report of

ANRFFT for closure of refractory myopic MH repair,

Multicenter International Collaborative Study Group

recently reported that ANRFFT for refractory MHs

resulted in anatomic closure in approximately 88% of

cases along with improvement in vision by at least 0.3

logarithm of the minimum angle of resolution

(logMAR) unit in more than 36% of eyes [14].

Herein, we evaluated the effectiveness of ANRFFT

for the management of refractory large IMHs after

unsuccessful multiple surgeries including extended

ILM peeling, free ILM flap transplantation or retina

expansion technique for macular hole apposition, in

addition to failed prior vitrectomy with ILM peeling

and gas tamponade procedure.

Methods

Medical records of all patients undergoing 25 or

27-gauge PPV combined with ANRFFT for the

management of refractory large IMHs after failed

multiple surgeries at Ulucanlar Eye Training and

Research Hospital from February 2016 to May 2019

were reviewed in this study. The study protocol was

approved by the Ethics Committee of Ankara Training

and Research Hospital, Ankara, Turkey, and con-

ducted in accordance with the tenets of the Declaration

of Helsinki. All patients provided written informed

consent.

All patients underwent complete ophthalmic exam-

ination with fundus photography and swept-source

optical coherence tomography (Spectralis HRA OCT;

Heidelberg Engineering, Heidelberg, German). Age,

gender, laterality, follow-up duration and history of

previous ocular surgery were also recorded for

analysis.

Eyes with refractory IMHs treated with ANRFFT

who had undergone at least two unsuccessful surgeries

including other advanced surgical techniques such as

extended ILM peeling, free ILM flap transplantation

and retina expansion technique and had been followed

up for at least 3 months after silicone oil extraction

were included in the study. Regarding the pathologies

of MH in this study, all eyes were classified as

idiopathic MH and eyes with an existing ocular

comorbidity such as myopia, glaucoma, diabetic

retinopathy, trauma or macular degeneration were

excluded.

Surgical techniques

All patients underwent a standard, 3-port, 25 or

combined 25 and 27-gauge PPV (Constellation; Alcon

Laboratories, Fort Worth, TX) with a 25-gauge

chandelier endoilluminator to facilitate bimanual

maneuvers, by the same surgeon (the author). Brilliant

Blue G (Fluoron, Geuder, Germany) was applied to

check the ILM remnants in the posterior pole. A

neurosensory retina harvest site was selected in the

mid-periphery, usually superior to the superotemporal

arcade. A retinal detachment of 2–3 disk diameter area

was created by using 41G subretinal injection needle,

which was followed by endodiathermy to the blood

vessels at the margin. The size of the harvest was

selected according to the size of the MH which was

approximately twice larger in diameter than the hole.

The edge of the graft was held using microforceps

and cut using vertical scissors or 27 gauge cutter with

3D vertical scissor submode. The infusion was closed

temporarily to prevent turbulent flow, and the graft

was then gently moved toward the MH. The graft was

carefully spread to cover the surface of the MH under

perfluorocarbon liquid (PFCL), ensuring that photore-

ceptor layer of the graft faced toward the retinal

pigment epithelium (RPE). Endolaser barricade was

applied in a circular manner around the retinectomy

site. Direct PFC–silicone oil (1000 centistokes)
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exchange was performed at the end of the surgery

(Video, Supplemental Digital Content 1). All patients

were positioned face down postoperatively for

1 week.

The primary outcome measure in this case series

was anatomical closure of macular hole after

ARNFFT, confirmed by OCT. Secondary outcomes

were visual acuity (VA) improvement as logMAR, the

percentage of patients achieving clinically significant

gain in VA and restoration of the external limiting

membrane (ELM) measured using OCT. Best-cor-

rected visual acuity (BCVA) using a Snellen chart was

converted to the logarithm of minimum angle of

resolution (logMAR) for analysis purposes. Signifi-

cant gain in VAwas defined as an increase in VA from

baseline of 0.3 C logMAR unit. MH sizes and ELM

measurements were recorded using one of the OCT

scans where the hole presented with the largest

diameter by measuring its aperture diameter from

where the distance across the full-thickness defects

was the largest or narrowest, its base diameter and its

ELM defect diameter. The measurements were per-

formed manually by using the in-built caliper system

provided by the Spectralis Heidelberg software (DRI

OCT-1 V.9.12.003.04 and Heidelberg Eye Explorer

V.1.7.1.0).

Statistical analysis

Numerical data were summarized as mean ± standard

deviation and range, whereas frequency and percent-

age were used for categorical data. The preoperative

and postoperative data were compared using the

paired sample t-test. All statistical analyses were

performed using SPSS statistical software version 19.0

(IBM Corp., Armonk, NY, USA). A p value\ 0.05

was considered statistically significant.

Results

Between 2016 and 2019, a total of 11 eyes of 11

patients underwent PPV combined with ANRFFT for

the management of refractory large IMHs after failed

multiple surgeries. Seven eyes of 7 patients (4 female,

3 male) who met the eligibility criteria were included

in the study. Four eyes with an existing ocular

comorbidity such as myopia, glaucoma or trauma

history were excluded. The patients had a mean age of

60.6 ± 8.6 years (range, 48–74 years) and had under-

gone 2.42 ± 0.53 (range, 2–3) previous vitrectomies

on average. Among the seven patients suffering from

refractory IMHs after unsuccessful primary surgery

(PPV combined with ILM peeling with gas tampon-

ade), 3 underwent PPV with extended ILM peeling, 2

underwent PPV with free ILM flap transplantation,

and 2 underwent PPV with retina expansion technique

for macular hole apposition as a second or third

surgical approach with unsatisfactory results. The

transplanted retinal flaps covering the hole site were

visible on fundus examination one day after ANRFFT

in all eyes. Mean follow-up was 18.8 ± 9.6 months

(range, 12–38 months). All eyes were pseudophakic.

Figures 1, 2 and 3 demonstrate the clinical results of

patients who underwent ANRFFT for large IMH after

at least two failed previous vitrectomy surgeries.

Preoperative and postoperative demographic and

anatomic characteristics of patients are summarized

in Table 1.

Silicone oil (SO) removal was performed 3 to

6 months after the surgery in all eyes. Retinal detach-

ment occurred in one eye 1 month after SO removal.

This eye underwent repeat vitrectomy with SO

injection and was successfully reattached with com-

plete anatomic closure of MH after SO extraction. At

the final follow-up, there were no cases with recur-

rence of MH or retinal detachment after silicone oil

extraction. The graft tissue was well located in situ and

tightly adhered to surrounding retinal tissue in all eyes

after the SO removal on fundus and OCT examination

(Figs. 1, 2, 3).

Themean BCVA [logMAR] significantly improved

from 1.53 ± 0.16 (range, 1.3–1.7) to 0.89 ± 0.23

(range, 0.6–1.3) at the final final-follow-up (t = 7.643,

P\ 0.001), with vision improving more than 0.3

logMAR unit in all eyes. Overall, the final visual

acuity was higher than 20/200 in 57% (4/7) of eyes

with a closed hole after ANRFFT.

Optical coherence tomography findings

Mean preoperative largest basal diameter was

1146.7 ± 413.7 lm (range, 653–1768 lm), mean

preoperative widest inner-opening diameter was

1287.1 ± 271.5 lm (range, 980–1696 lm), and mean

preoperative narrowest inner-opening diameter was

788.9 ± 148.8 lm (range, 644–1100 lm). The
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boundary between the graft and the MH edge could be

clearly observed 1 month after ANRFFT as a hypore-

flective or hyperreflective line (Figs. 1 and 3). At the

final follow-up, these hyporeflective or hyperreflective

lines between the graft and the original edge of theMH

beginning to disappear approximately 3 months after

surgery were not obvious or even disappeared in all

eyes on OCT images, resulting in fusion with the
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surrounding retinal tissue (Figs. 1, 2, 3). Complete

anatomic closure of MH on OCT was achieved in all

eyes at the final follow-up (Figs. 1, 2, 3). While total

restoration of ELM was observed in one eye, partial

restoration of ELM was noted in others (Figs. 1, 2, 3).

The average preoperative ELM defect was

1450.3 ± 306.5 lm (range, 1044–1908 mm), which

decreased to 533.1 ± 399.2 lm (range, 0–1156 lm)

at the final follow-up (t = 5.799, P = 0.001).

Cystic changes seen in the inner layers of the graft

on OCT occurred in one eye 3 months after silicone oil

removal (Fig. 1), which caused a visual acuity

decrease from 20/80 to 20/125. Fluorescein angiogra-

phy was performed and did not reveal any dye leakage.

Optical coherence tomography angiography (OCTA)

demonstrated limited vascularization of the graft at the

level of superficial capillary plexus (Fig. 1). These

cystic changes well documented on OCT ‘‘en face’’

imaging, which may be due to degeneration, did not

respond to intravitreal anti-vascular endothelial

growth factor and steroid treatments (Fig. 1).

Although these cystic changes were persistent at the

final follow-up, BCVA was still better than the

preoperative BCVA in this case.

Complications

The most common intra-operative complication was

bleeding from the harvest site during the separation of

the graft (57.1%), which was easily controlled by

raising the infusion pressure and diathermizing the

offending bleeder vessels. Postoperative complica-

tions were RD (n = 1), cystoid macular edema

(CME)-like cystic changes (n = 1) and significant

reactive hyperplastic pigmentary changes (n = 1)

(Figs. 1 and 2). While reactive pigment epithelial

hyperplasia developed three months after surgery, the

other complications occurred after silicon oil removal.

Overall, a total of 3/7 eyes (42%) having postoperative

complications related to the ANRFFT technique were

noted.

Discussion

The treatment of an idiopathic macular hole could

achieve a 90% closure rate or more with modern

vitrectomy [15]. However, treatment of eyes with

refractory MH after failed ILM peeling surgery

became a challenging issue for anatomic and func-

tional success [4]. In recent years, a variety of

modified surgical techniques including extended

ILM peeling [16], autologous free ILM flap trans-

plantation [9] and lens capsular flap transplantation [5]

have been described in the treatment of refractory

macular holes. All these methods facilitate the closure

of most MHs. Most of these techniques involve the

same healing mechanism, in which membrane-like

tissue provides a basement membrane enabling better

proliferation of glial cells. Nevertheless, few patients

still have persistent MH even after multiple surgeries.

Furthermore, the tissue to be used as a flap is

extremely important in terms of functional recovery.

Therefore, ANRFFT becomes a reasonable approach

for the repair of large refractory MH. In this study,

ANRFFT was performed for refractory large IMHs in

eyes that underwent prior failed multiple surgeries.

Surgical options for refractory MH after multiple

surgeries are limited. Although impressive outcomes

have been reported with autologous ILM flaps

[9, 17, 18], harvesting suitable ILM free flap can be

problematic in eyes that underwent previous extensive

ILM peeling. Similar to ILM flap, autologous lens

capsular flaps have been used with favorable outcomes

bFig. 1 Preoperative and postoperative color fundus and SD-

OCT images of a 59-year-old man who underwent ANRFFT.

a Fundus photograph after PPVwith ILM peeling and additional

retina expansion technique for MH apposition shows persistent

large MH. b Preoperative OCT scan shows a full thickness MH

with ELM defect of 1044 lm (inset) c One month after

ANRFFT, OCT scan showing closure of the MH with the graft,

which is hyperreflective, and the boundary between the graft and

the MH edge seen as hyporeflective cracks (yellow arrow)

d Three months after ANRFFT, OCT scan showing integrated

retinal graft with the surrounding retinal tissue and the boundary

is not obvious e Three months after SO removal, cystic changes

(yellow arrow) on OCT with partial restoration of ELM (inset)

fOCTA showing no perfusion within the graft and a very limited

vascularization along the margin of the graft at level of

superficial capillary plexus (white arrowhead). g Cystoid spaces
(yellow arrow) located at the graft clearly seen on the enface

OCT image of the corresponding OCTA image. h Thirty-two

months after SO removal, fundus photograph revealing the

presence of a closed MH with retinal graft well located in situ

(white dotted circle), and showing scar and laser spots (white

arrow) at the superior site in which the graft retina was harvested
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[19]. However, harvesting the anterior lens capsule is

practical only in patients undergoing combined

cataract and MH surgery and is also applicable in

pseudophakic eyes with an intact posterior capsule.

Despite the optimism of the results of autologous free

ILM flap and lens capsule techniques for refractory

MHs, these approaches have their own several disad-

vantages and challenges. Firstly, both ILM and

capsule free flaps tend to roll over and float into the

vitreous cavity, and easily dislodge during operation

or postoperative days. Secondly, a rolled segment of

the peeled ILM or capsule other than single-layered

transplanted flap is usually placed inside the MH,

which often has to be mechanically positioned with the

potential for iatrogenic trauma. Finally, they both act

as a scaffold for proliferation of glial cells. Thereby,

very limited restoration of ellipsoid zone (EZ) and

ELM defects was observed in cases of refractory MHs

after these surgical approaches [20].

In contrast to a lens capsule flap or an ILM flap,

neurosensory retinal flap is a thicker, robust tissue,

which can be positioned on the surface of the MHwith

a negligible iatrogenic trauma [13]. Using similar

ANRFFT technique described by Grewal et al. [13] in

the present study, anatomic closure and significant

visual improvement were achieved in all seven eyes.

OCT showed significant improvement in macular

integrity with gradual recovery of the ELM defects in

all eyes, with full restoration in one eye. It was also

observed that the graft tissue remained in situ and

tightly adhered to surrounding retinal tissue in all eyes

at the final follow-up. Recently, Multicenter Interna-

tional Collaborative Study Group reported that the

ANRFFT achieved a high degree of anatomical

Fig. 2 An eye with large refractoryMHwith 25 months follow-

up after ANRFFT. aDespite 2 pars plana vitrectomies with ILM

peeling and additional autologous ILM free flaps transplanta-

tion, OCT image shows the hole persisting with ELM defect of

1411 lm (inset). b Intraoperative fundus image showing the

retinal graft harvest site (white arrow) and the retinal graft

placed over the macular hole (black dotted circle). (c and

d) 12 months after the SO removal, OCT showing integrated

retinal graft with the surrounding retinal tissue with a partial

restoration of ELM (inset). The hyperreflective and thick RPE

line (yellow arrowheads) is corresponding to the area of pigment

clumping secondary to pigment epithelial hyperplasia (black

arrow) on the fundus photo. Fundus photograph exhibiting the

retinal flap well located in situ (white dotted circle)
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success with a closure rate of nearly 90% in eyes with

refractory MH, and functional improvement with a

rate of 53% in eyes with anatomic closure [14].

Although findings in the present study are consistent

with those reported by the International Collaborative

Study Group, a higher rate of functional improvement

was observed in the present study. The limited

improvement in vision observed in their study could

be related to existence of high myopia and comorbid

conditions. During follow-up, they also observed a

prominent microstructural regeneration of the outer

retina with improved restoration of EZ and ELM in the

majority of eyes. Recently, the study by Rizzo et al.

[12] demonstrated that a recurrent MH could also be

repaired by human amniotic membrane tissue with the

restoration of the foveal structure. This technique

Fig. 3 Preoperative and postoperative color fundus and SD-

OCT images of a 65-year-old woman who underwent ANRFFT

for the management of refractory MH after failed multiple

surgeries including retina expansion technique for MH apposi-

tion. (a and b) Preoperative fundus photograph and OCT scan

showing large persistent MH after failed previous ILM peeling.

The length of the ELM defect is 1571 lm (inset) c OCT image

showing persistent macular hole after applying retina expansion

technique for MH apposition. A defect 1509 lm in diameter

persists in the ELM (inset). d 1 month after ANRFFT, OCT

showing the hyperreflective retinal flap visualized in place over

the MH. Hyperreflective line (yellow arrows) presenting the

boundary between the graft and the MH edge is obvious. (e and
f) 10 months after the SO removal, OCT scan and fundus

photograph showing retinal flap in situ (white dotted circle). The

boundary between the graft and the surrounding tissue disappear

on OCT scan. Total restoration of the ELM (yellow arrow) is

seen with improvement of VA from 20/800 to 20/80
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achieved an anatomic closure of MHs in all eyes with

an improvement in vision.

Our findings are also consistent with previous study

by Chang et al. [21] which assessed the effectiveness

of ANRFFT for refractory large MH that already

underwent at least two ILM peeling surgeries. They

reported a 90% closure rate which most of them had

partial restoration of EZ after ANRFFT. Thus, this

surgical technique not only acts as a scaffold but also

promotes some functional improvement with a partial

restoration of the outer retinal layer.

Although the underlying mechanism remains

unclear, the mechanism for an autologous retinal

transplant seems to be different than just a scaffold.

The autologous retinal flap integrating the original

retina tissue with a significant restoration of outer

layers as seen on OCT images indicates the rebuilding

of connection between the graft and the surrounding

retinal tissue. The possible mechanisms participating

functional and mechanical integration of the graft with

the surrounding retina can be derived from previous

experimental and animal work. Cells expressing the

markers of neuroepithelial stem/progenitor cells

(NSCs) giving rise to all distinct cell types of the

neuroretina during development of the human retina

were demonstrated in Müller glia in the peripheral

adult human retina [22]. Although these cells seem to

be quiescent in the uninjured adult human retina,

retinal injuries can activate NSCs with Müller glial

characteristics in the peripheral retina [22]. Recently,

it has been shown that by optimizing the culture

conditions, Müller glia isolated from the peripheral

retina during vitrectomies can be an efficient source

for producing cells with properties of rod photorecep-

tors [23]. Additionally, Johnsen et al. [24] demon-

strated that glial-like Müller cells could develop

reactive gliosis and respond to changes as a result of

injury. Although Müller glia show neurogenic prop-

erties in the early postnatal retina of rodents and

monkeys [25, 26], no evidence for their in vivo

neurogenesis in response to injury has yet been

observed in humans. It is hard to know whether de

novo synaptic reconstruction between photoreceptors

in the graft retina and bipolar cells in the recipient

retina occurs in human eyes. However, experimental

studies demonstrated the synaptic formation between

the host bipolar cells and graft photoreceptors con-

firmed by immunohistochemical and multi-electrode

array (MEA) recordings analysis [27, 28]. In corre-

spond to this finding, another experimental study on

monkeys reported by Tu et al. [29] demonstrated that

human induced pluripotent stem cells-derived retina

used for transplantation therapy in retinal degenera-

tion resulted in visual function recovery at the grafted

area. Thus, the author suspected that both the reactive

gliosis and neurogenic properties of Müller glia cells

in the graft obtained from peripheral retina might

participate functional and mechanical integration of

Table 1 Preoperative and Postoperative Characteristics of Eyes with Large Refractory Macular Holes Undergoing Autologous

Neurosensorial Retinal-Free Flap Transplantation

Eyes Patient

gender/

age

(years)

Lens status Number of

prior

surgeries

for MH

MH size (lm) ELM defect

length (lm)

BCVA(logMAR) MH

Status

Largest

basal

diameter

Narrowest

diameter

Largest

inner-

opening

diameter

Pre-

op

Post-

op

Pre-op Post-op

1 R M/59 Pseudophakic 2 653 644 982 1044 556 1.3 0.8 Closed

2 R F/65 Pseudophakic 2 1040 744 1158 1509 0 1.6 0.6 Closed

3 R F/74 Pseudophakic 3 715 691 1370 1411 1156 1.4 0.7 Closed

4 L F/52 Pseudophakic 2 1235 735 980 1478 533 1.4 1 Closed

5 R M/64 Pseudophakic 3 1572 810 1284 1700 624 1.7 1 Closed

6 R F/48 Pseudophakic 3 1044 798 1696 1102 75 1.6 0.8 Closed

7 L M/62 Pseudophakic 2 1768 1100 1540 1908 789 1.7 1.3 Closed

BCVA, best-corrected visual acuity; ELM, external limiting membrane; F, female; L, left; logMAR, the logarithm of the minimal

angle of resolution; M, male; MH, macular hole; Pre-op, preoperative: Post-op, postoperative; R, right

123

1422 Int Ophthalmol (2021) 41:1415–1425



the transplanted retina with the surrounding host

retina. Nevertheless, the exact functional and mechan-

ical integration mechanisms still need to be clarified.

Although the partial or total dislocated graft rates

after ANRFFT have been reported as the most

common complications with an incidence between 5

to 33% [14, 30], the graft tissue remained in situ in all

eyes in the present study.

In the present study, reactive RPE hyperplasia located

in the macular region with a diffuse pattern developed in

one case, which may be due to surgical trauma, light or

dye toxicity to the RPE. In spite of this complication, the

final visual acuity significantly improved.

The author observed CME-like cystic changes

restricted to the inner layers of the graft in one eye,

which showed very poor blood flow signal on OCTA.

Therefore, it may be hypothesized that the transplanted

retina takes its blood supply from the choroid and the

cystic changes observed in the inner layer of the graft

may related to inadequate nourishment of the inner

layers. Similarly, Multicenter International Collabora-

tive Study Group reported CME-like changes after

ANRFFT [14]. However, in contrast to their reports, in

the present study, the existence of CME-like changes

worsened the visual outcome and did not resolve even

after intravitreal treatments although final BCVA was

still better than the preoperative BCVA.

The strengths of this study are uniform cases with

no other comorbidity, the use of same techniques by a

single surgeon, the use of same long acting intraocular

tamponade (SO) and adequate follow-up. Neverthe-

less, this study has some limitations, including a

retrospective design, lack of standardized imaging, a

small sample size, no comparison group and random-

ization. Therefore, further prospective clinical studies

that include larger sample sizes with comparison

group are needed to investigate the efficacy and safety

of ANRFFT.

In conclusion, ANRFF transplantation seems to be

an effective surgical option in cases with refractory

large idiopathic MHs. This technique can promote

recovery of the outer retinal structure resulting in

functional improvement. A number of complications

including CME-like changes in the graft, retinal

detachment and reactive pigment epithelial hyper-

plasia were observed after ANRFFT. Further studies

are warranted to clarify whether the plausible mech-

anism leading to improved functional outcome might

be the neural integration of transplanted retina to

surrounding host retina.
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