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Anatomy and physiology
A ray of light reflected from an object travels through various ocular media, i.e. the 
cornea, the anterior chamber, the crystalline lens and the vitreous, before it reaches 
the retina. The retina is a transparent tissue that covers the inside of the eye. 
Peripherally it is bordered by the ora serrata and the pars plana. Inside the retina, 
light photons are transduced, leading to electrical signals and subsequently these 
signals are passed on via different neurons to the posterior part of the brain. The 
retina is vascularized externally by the choroid and internally by the retinal blood 
vessels. Blood is separated from the retina by Bruch’s membrane and the retinal 
pigment epithelium (RPE) on the outside, and tight junctions between retinal 
capillary endothelium on the inside of the retina. This separation, also named the 
blood-retinal barrier, is important to maintain regulation of ions, proteins and 
water going in and out of the retina. The blood-retinal barrier may contribute to 
the immune-privileged status of the subretinal space.1 

The macula
The macula, characterized by its yellow xanthophyll pigment, is located near the 
center of the retina. The fovea is a 0.8mm diameter pitted invagination of the 
retina within the macula (Figure 1.1). The fovea is densely packed with cone 
photoreceptors, providing the most detailed image and colour perception. While it 
only takes up <1% of the retina, more than half of the visual cortex in the brain is 
destined to process the image of the fovea. 

Figure 1.1: schematic diagram showing the relative dimensions of the fovea, foveola, 
macula (area centralis), and peripheral fundus. ILM, internal limiting membrane; ELM, 
external limiting membrane. This illustration was published in The Retinal Atlas (2nd 
Edition), Freund, K., B. et al, Normal, page 2, Copyright Elsevier (2017).



12 13 Figure 1.2: The histology of the macula is represented in this image and is defined by the 
multilayered ganglion cell layer. The retina is bordered anteriorly by the internal limiting 
membrane (ILM) comprised of Müller cell footplates. Note the nerve fiber layer (NFL) and 
its ganglion cells (GC), the inner plexiform layer (IPL), the inner nuclear layer (INL), middle 
limiting membrane (MLM), the outer plexiform layer (OPL), the outer nuclear layer (ONL), 
the external limiting membrane (ELM), the inner segments of the photoreceptors (IS), the 
outer segments of the photoreceptors (OS), and the retinal pigment epithelium (RPE). The 
ELM is comprised of Müller cell attachments to the inner segments. This illustration was 
published in The Retinal Atlas (2nd Edition), Freund, K., B. et al, Normal, page 2, Copyright 
Elsevier (2017).

The neuroretina
Histologically the retina consists of ten microscopic layers (Figure 1.2). The RPE has 
several important functions for the survival of the neuroretina, including nutrition, 
elimination of waste products, absorption of heat produced by the incoming light, 
and re-isomerization.2 The photoreceptors are interdigitated with RPE cells. The 
outer segments of the photoreceptors are shedded in a circadian rhythm and are 
resorbed by RPE cells. Inside the photoreceptor cells phototransduction takes place 
by isomerizing 11-cis retinal to all-trans retinal.3 Because of this demanding 
process, photoreceptors are the most active part of the retina and they require one 
of the highest oxygen levels of the human body. In fact, the choroidal blood 
perfusion even exceeds the perfusion of the brain and kidneys.2,4 After transduction, 
the signal is relayed to higher order retinal neurons, i.e. horizontal cells, bipolar 
cells and amacrine cells, and eventually to ganglion cells, which are positioned on 
the inside of the retina. Vertically orientated Müller cells pass through all retinal 
layers, providing structure to the retina. In recent years it has become clear that 
Müller cells also have an important role in metabolism, nutrition, inflammatory 
responses, and water clearance.5
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Age-related macular degeneration
Age-related macular degeneration (AMD) is a common eye disease particularly 
among Caucasian elderly. In case of late stage AMD, i.e. geographic RPE atrophy 
or choroidal neovascularization (CNV), it can lead to severe visual loss. As it effects 
the macula, AMD causes a central scotoma. Patients typically complain of difficulty 
recognizing faces, driving, and reading. Because of such problems in daily 
activities, it can lead to social isolation and loss of autonomy in an elderly 
population.6 Alarmingly, some studies reported that the impact of AMD on the 
quality of life equals that of serious illnesses such as HIV, renal failure and stroke.6,7 

Epidemiology
The global prevalence in the age group 45-85 years is estimated for all types of 
AMD to be 8,7% and for late AMD 0,37%.8,9 With the increasing life expectancy, 
the number of people worldwide affected by AMD is expected to increase from 
196 million in 2020 to 288 million in 2040. In Western countries the prevalence is 
higher compared to Asia and Africa.8 Prevalence in the European population aged 
≥60 years is estimated 27,7% and 1,4% for all AMD and neovascular AMD 
respectively.10 Evidently, age is a major risk factor. Especially people above 60 
years are at higher risk for developing AMD. Other correlated factors include 
smoking, nutrition and a positive family history for AMD.11

Etiology
The etiology of AMD is multifactorial, involving age-related changes, environmental 
factors, and genetic predisposition. The thickness of the Bruch’s membrane 
increases with age from 2 to 6 µm. Continuous light- and heat energy damage RPE 
cells throughout the years, while DNA repair mechanisms attenuate with increasing 
age. Due to the high metabolic demand, toxic reactive oxygen species accumulate. 
Smoking or low intake of antioxidant vitamins adds to the oxidative stress. 
Moreover, shedded outer segments of the photoreceptors that are ingested by the 
RPE create lipofuscine, one of the components of drusen.12 Drusen are believed to 
function as inflammatory nodes under the RPE.13 DNA damage, oxidative stress, 
drusen, and disturbance of the blood-retinal barrier contribute to chronic 
inflammation and dysfunction of RPE cells. 

When insufficient survival factors are produced by the RPE, apoptosis of RPE, 
choriocapillaris and photoreceptors result in geographic atrophy. In response to 
hypoxia, the RPE can produce vascular endothelial growth factor (VEGF), causing 
new growth of choriocapillary vessels that penetrate through the Bruch’s membrane 
into the sub-RPE or subretinal space, thus forming a CNV.

Several genes associated with AMD have been identified, accounting for 40-60% 
of the disease heritability. Interestingly, the most important genes are the ones 
encoding complement factors. This highlights the importance of the immune 
system in AMD development.12,13 

Diagnosis
Early stage AMD is usually asymptomatic. Drusen and/or RPE changes are 
observed on funduscopy. Late stage AMD can present with metamorphopsia and 
loss of visual acuity. Specially in case of a CNV the visual function can decline 
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rapidly. Funduscopy typically shows hard exudates, subretinal hemorrhage, 
subretinal fluid and/or fibrous scar tissue. 

The following imaging techniques can be used to evaluate a patient with AMD: 
fluorescence angiography (FA), indocyanine green angiography (ICGA), fundus 
autofluorescence (FAF), and optical coherence tomography (OCT) (Figure 1.3).

Figure 1.3: (from left to right) fundus autofluorescence, fluorescence angiography, and 
infracyanine green angiography of a classic choroidal neovascularization due to age-
related macular degeneration. 

Fluorescence angiography
FA allows dynamic visualization of the vasculature. Fluorescein dye, having a 
maximum light absorption at 490nm and light emission at 530nm, is administrated 
intravenously. Because only 80% is bound to proteins, the dye can exit freely from 
normal capillaries but is retained by intact tight junctions of the retinal vascular 
endothelium and RPE. Leakage of dye indicates abnormalities in tight junctions, as 
is the case in CNV. Transmission defects occur in RPE atrophy due to the normal 
fluorescence of the underlying choriocapillaris. 

According to the leakage pattern a CNV can be classified as 1) predominantly 
classic: early leakage with a distinct border, 2) occult: late leakage from undefined 
origin, and 3) minimally classic: <50% of the lesion composed of classic CNV. 
Retinal angiomatous proliferation (RAP) is a subtype characterized by capillaries 
arising in the inner retina. Typically FA shows a focal area of hyperfluorescence 
within a pigment epithelial detachment. Idiopathic polypoidal choroidal 
vasculopathy (PCV) is another subtype CNV more prevalent in the Asian 
population.14 PCV is characterized by dilated branched innerchoroidal vessels with 
polyp-like dilations that can cause recurrent serous or hemorrhagic pigment 
epithelial detachments.15 

Indocyanine green angiography
Indocyanine green has a maximum light absorption at 790 nm and light emission 
at 835 nm. The long wave length allows penetration through macular pigment, 
melanin and blood. Moreover, because of the high percentage bound to plasma 
proteins (98%), not much dye exists through the fenestrations of the choroidal 
vessels. These properties allow good visualisation of the choroidal vasculature. 
ICGA provides a more complete diagnoses of CNV types. RAP and PCV are 
typically identified by a hotspot and small hyperfluorescent dots, respectively. 

Fundus autofluorescence
In contrast to FA, the fluorescence in FAF is endogenous, eliminating the need for 
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intravenous dye.16 Lipofucine is stimulated by blue laser excitation energy and a 
barrier filter. The fovea is less hyperfluorescent because of blockage by the macular 
yellow pigment and RPE melanin. Changes in FAF intensity correlate with metabolic 
health and function of the RPE. Both hyperfluorescence and hypofluorescence are 
observed in AMD patients. Geographic RPE atrophy is clearly illustrated by FAF, 
shown as a well-delineated hypofluorescent area.17 

Optical coherence tomography
OCT, first reported in 1991, has revolutionized diagnosis in ophthalmology. 
Noninvasively the microscopic anatomy of the transparent retinal layers can be 
visualized.18 In 2007 spectral domain (SD) OCT became commercially available. 
SD-OCT has a much higher image quality because of increased image acquisition, 
a denser sampling of the tissue and increased resolution.19 

Figure 1.4: Normal OCT-image. The bar on the bottom indicates 1000µm. CH = choroid; 
ELM = external limiting membrane; EZ = ellipsoid zone; GCL = ganglion cell layer; ILM = 
inner limiting membrane; INL = inner nuclear layer; IPL = inner plexiform layer;  NFL = 
nerve fiber layer; ONL = outer nuclear layer; OPL = outer plexiform layer; RPE = retinal 
piment epithelium. 

The bands on OCT correspond to the histological anatomy (Figure 1.4). The 
ellipsoid zone (EZ), formerly known as inner segments outer segments (IS/OS), 
represents the photoreceptor layer. The external limiting membrane (ELM) 
corresponds to the junctional complex between Müller cells and photoreceptor 
cells.18 The EZ and ELM are highly correlated with visual acuity.20 In AMD patients 
EZ and ELM are often interrupted in de fovea. Other signs of AMD seen on OCT 
are drusen and RPE atrophy. In case of CNV, OCT shows sub- and/or intraretinal 
fluid and hyperreflective material resembling exudates and blood. A macular 
neovascularization can be classified according to the location on OCT as follows: 
1) type 1: underneath the RPE (corresponding an occult CNV on FA), 2) type 2: 
between the RPE and the retina (corresponding a classic CNV on FA), and 3) within 
the retina (corresponding to a RAP on FA).21,22 

Treatment 
In early stages, disease progression may be delayed by daily intake of nutritional 
supplements containing high doses of zinc, ascorbic acid, vitamin E, β carotene, 
copper, carotenoids lutein and zeaxanthin. AREDS study showed that these 
supplements reduce the risk of neovascularization among patients with intermediate 
AMD or unilateral advanced AMD.23 Besides, the patient should be educated about 
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life style, such as physical excise, diet and smoking if applicable.24,25  Low vision 
aids can be offered to patients with advanced geographic atrophy. However, there 
is no curative treatment available for dry AMD. 

While dry AMD progresses slowly over the years, neovascular AMD usually causes 
rapid visual decline. Untreated, more than half of the patients experience a visual 
loss of ≥3 lines and 66% have a visual acuity of ≤20/200 Snellen within one year 
after onset of CNV.26 In the last decennia several treatments have been developed 
to improve and stabilize macular function in patients with a CNV. 

Anti-VEGF
Inhibiting VEGF has been proven to be an effective treatment for CNV in AMD 
patients. In 2006 the MARINA study was the first to demonstrate a clinically and 
statistically significant benefit of anti-VEGF injections: after one year treatment with 
monthly intravitreal injection of 0.5mg ranibizumab 34% improved ≥3 lines 
compared to 5% in the sham group.27 Bevacizumab, initially used for colorectal 
metastatic cancer, is another anti-VEGF showing similar results.28 More recently 
aflibercept has become commercially available. Aflibercept has the capacity to 
bind to VEGF receptor 1 and 2 and presumably less frequent administration is 
needed.29 All anti-VEGF have a similar safety profile. Severe ocular complications 
such as endophthalmitis are rare (<1%). Possibly there is an association between 
intensive anti-VEGF treatment and cardiovascular events, but there is no reported 
association with mortality.29 A disadvantage of anti-VEGF injections is the need for 
frequent and long-term administration, contributing to the high socioeconomic 
burden of the disease. Also, each injection carries a small, but in each patient 
cumulative risk of infectious endophthalmitis.

Laser treatment
Photodynamic therapy (PDT) is a laser treatment that can be used alone or in 
combination with anti-VEGF. Verteporin is injected intravenously and activated by 
laser, causing the endothelial cells to locally release free radicals and activate 
platelet cells.30 Combination therapy may reduce the number of anti-VEGF 
injections needed to inhibit CNV leakage, but visual acuity is inferior compared to 
monotherapy anti-VEGF. PDT may be more effective in patients with subtype PCV 
and RAP.31,32 

In the era before anti-VEGF and PDT, laser coagulation was applied to close a 
CNV, aiming to prevent further visual.33 A major drawback of laser application is 
the collateral damage to the retina and RPE. Nowadays laser is only indicated 
when the CNV is located outside the macular area. 

Surgical treatment for neovascular AMD
Today anti-VEGF is the first line treatment for neovascular AMD. Because 
submacular surgery is invasive and carries a much higher risk of complications, 
surgery is only considered when less invasive treatments are not effective. The 
indications for surgical treatment are 1) non-responder to intravitreal anti-VEGF, 2) 
RPE tear involving the subfoveal RPE, 3) large submacular hemorrhage and 4) 
fibrotic lesion. 

There is a group of patients that do not respond well to anti-VEGF treatment. Some 
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CNV lesions remain active despite regular injections. In a retrospective study that 
assessed treatment-naïve AMD patients after 12 months of treatment with 
randibizumab and/or aflibercept, 22% were considered non-responders and 13% 
developed tachyphylaxis.34 In other articles, the rate of failure is estimated 28-
43%.35 Although the medical options extend progressively with brolucizumab and 
faricimab as an alternative, some CNV lesions remain active despite anti-VEGF. 
These eyes may be considered for surgical treatment. 

An RPE tear can develop spontaneously in patients with AMD and a pigment 
epithelial detachment. It is believed that the RPE rips because of the high hydrostatic 
pressure. More frequently, RPE tears occur after a few injections with anti-VEGF, 
probably due to contraction of the CNV, as a result of an angiofibrotic switch 
secondary to anti-VEGF. When the tear is outside the fovea (stage 1-3 according to 
the classification of Sarraf),36 anti-VEGF treatment is still beneficial in increasing 
and maintaining visual function.37 However, when the tear involves the fovea 
(grade 4), and there is no or a high ridge of RPE underlying the fovea, anti-VEGF 
does not provide benefit, and the fovea turns atrophic if left untreated.37,38 

A hemorrhage originated from a CNV can extend in the subretinal space and it 
can suddenly cause a large central scotoma. Different components of blood have 
been shown to be toxic for the retina. Therefore, timely removal of the hemorrhage 
away from the foveal photoreceptors is crucial.39 An adequate treatment is injection 
of recombinant tissue plasminogen (rtPA) into the subretinal space to dissolve the 
cloth. A gas tamponade can be used to further displace the hemorrhage. When 
this treatment fails to displace the hemorrhage, or when the hemorrhage exceeds 
the vascular arcades, the hemorrhage and CNV can be removed surgically. 

Finally, fibrotic CNV can be treated with submacular surgery. However, if lesions 
are long-standing, the surgical outcome may be limited because of the presumed 
damage to the outer retinal layers. It is therefore only justifiable if a patient 
experienced recent visual decline. 

The Submacular Surgery Trial (SST) research group conducted three randomized 
clinical trials regarding the outcome of submacular surgery for AMD in the period 
1997-2003. Results were disappointing: surgical removal of the CNV did not 
result in better visual acuity, contrast threshold or reading speed compared to 
observation.40 The most favourable outcome of the SST studies concerned patients 
with a predominant hemorrhagic CNV in which they compared observation to 
CNV removal with simultaneous subfoveal rtPA injection. In the treated group there 
were fewer patients with severe visual loss (≥6 lines) compared to the observation 
group, possibly because of the hemorrhage displacement.41 However, at 1 year 
follow-up there was no statistically significant difference in visual acuity between 
the groups and the mean visual acuity in the treatment group was low (20/400 
Snellen). Unsatisfying results can be explained by the loss of RPE, Bruch’s membrane 
and choriocapillairs, which are inevitably damaged when removing the subfoveal 
CNV. As underlined before, the RPE is essential for the survival of the outer retina. 
Thus, the fovea needs to be provided with healthy subretinal tissue to improve the 
metabolic environment and restore visual function. To this purpose two surgical 
techniques have been developed: RPE-choroid transplantation and macular 
translocation. 
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RPE-choroid transplantation
Many surgeons have asked themselves the following question: how can we provide 
the macula with healthy pigment cells in the easiest and safest way? As autologous 
RPE is difficult to harvest, several alternatives have been tried out. The use of 
human fetal RPE (gestational age 13-20 weeks) was soon abandoned because 
some patients showed a possible host-graft rejection.42 Autologous iris pigment 
epithelium (IPE) was put forward as a solution since it is more accessible than RPE. 
IPE has the same embryogenic origin as RPE. They are able to phagocytose outer 
segment photoreceptor, but only at a capacity of 70% compared to RPE.43 Although 
fixation improved, IPE transplantation did not result in visual gain.44–46 Binder et al. 
used autologous RPE, harvested at the nasal side.47 After centrifugation, cell count 
and viability tests performed by the pathologist, the RPE cells were injected in the 
subfoveal space. During the procedure PFCL was used to avoid hemorrhage and 
reflux of the RPE cells into the vitreous. In this study, consisting of 56 patients with 
a follow-up of 1 year, treatment with RPE cells after CNV removal resulted in 
significantly better visual acuity, reading vision and higher multifocal 
electroretinogram (ERG) response densities compared to CNV removal alone. Van 
Meurs et al. performed autologous RPE cell transplantation in a similar fashion, 
but they used poly-L-serine to promote adherence of the RPE cells to the underlying 
Bruch’s membrane.48 However, results were discouraging: visual acuity did not 
improve and proliferative vitreoretinopathy (PVR), contraction of epiretinal 
membranes resulting in retinal detachment, occurred in 3 out of 8 patients. 

From the studies using autologous IPE and RPE cells we have learnt that 1) it is 
surgically feasible to safely transplant RPE cells in the subretinal space, 2) there is 
no rejection against autologous transplanted tissue, and 3) RPE cell replacement 
after CNV removal had a better outcome than CNV removal alone, confirming the 
theory that RPE cells are needed to restore the diseased subretinal environment. 
The drawback of RPE cell suspension is that the cells are not lined up on a basal 
membrane. They tend to form clumps and other areas remain denuded from RPE. 
A full-thickness autologolous graft consisting of RPE, Bruch’s membrane and 
choriocapillaris overcomes this limitation.49–51 

In 1991 Peyman et al. reported on two patients that underwent either an autologous 
or homologous transplantation of RPE, Bruch’s membrane and choriocapillaris.51 
The pedicled autologous graft resulted in improved visual while the homologous 
graft became encapsulated by fibrosis, indicating a rejection against the allogenic 
tissue. Later, Tezel et al. performed a homogenous RPE-choroid transplantation. 
They used systemic immune suppression afterwards.52 However, the medication 
was not well tolerated: 2 out of 12 patients experienced serious adverse events. 
After constrained cessation of immune suppression, fibrosis developed around the 
graft. Thus, homologous graft with or without immune suppression failed to show 
benefits, but results of autologous graft were hopeful. 

Throughout the years, the technique of autologous RPE-choroid transplantation 
evolved. First, the graft was harvested from the parafoveal area.50 Van Meurs et al. 
described a different technique: a full-thickness graft, including the retina, was 
taken from the midperiphery.49 After the retina was removed from the graft, the 
graft was inserted under the macula through a parafoveal retinotomy. It allowed 
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the usage of a larger graft. Furthermore, some AMD patients use parafoveal 
fixation, in which case denuding this area from RPE could actually worsen visual 
function. Large case series (45-133 patients) showed modest results of this surgical 
technique.53–55 In the long term, the median visual acuity declined over the years, 
while some patients maintained a good visual function up to 13,5 years.56 The 
most difficult part of this technique was to avoid manipulation while inserting the 
graft through the retinotomy. Sometimes the graft was not fully unfolded. Moreover, 
the risk of PVR may be increased by a parafoveal retinotomy. 

Figure 1.5. Transplantation of a sheet of RPE, Bruch’s membrane and choroid via a 
parafoveal retinotomy (A) and a peripheral retinotomy (B). Illustrations made by Jessica 
Leenen. 

Based on the experience of macular translocation, the technique was further 
modified.57,58 In this technique a large peripheral retinotomy is made along the ora 
serata to expose the submacular space (Figure 1.5), which brings several benefits. 
First of all, because the graft is not forced through a retinotomy, there is a more 
controlled manipulation of the graft without risk of inversion or curling. A 
hemorrhage, which may occur when removing the CNV, can be easily cauterized. 
Finally, there is no need for a retinotomy near the fovea, which in theory could 
reduce the risk of PVR. 

Another technique was described by Han et al.59 They used a single RPE sheet 
without Bruch’s membrane or choriocapillaris. This was only possible in case of a 
pigment epithelial detachment. Therefore, this technique can be used more 
frequently in Asia, where PCV is more common. 

Technique of RPE-choroid transplantation
Here we describe the technique using the peripheral retinotomy, as described by 
Cereda et al.57 

The surgery is performed under general anesthesia. When the patient is phakic, 
the procedure is initiated with a phacoemusification and a lens implantation. 
Thereafter, the posterior vitreous is detached and a complete vitrectomy is 
performed. The vitreous base is carefully shaved with a vitreous cutter using scleral 
depression and an independent illumination to visualize the ora serrata. 
Triamcinolone acetonide crystals are used to enhance the visibility of the vitreous 
and hyaloid. Complete removal of the vitreous cortex is important to avoid retinal 
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incarceration and postoperative retinal detachment. Balanced salt solution (BSS) is 
injected into the subretinal space through a 41-gauge needle. Repeated fluid – air 
exchanges promote further retinal detachment. A peripheral retinotomy of 
approximately 180° to 270° is carried out along the ora serrata using curved 
scissors or a cutter vitrectome. The temporal retina is flipped over the nasal part to 
expose the subretinal space. The CNV is carefully separated from the retina while 
paying attention to avoid any damage to the macula. The bleeding from the feeder 
vessel is controlled with diathermy and finally the CNV is removed. The harvesting 
area is outlined with laser endophotocoagulation in the temporal midperiphery 
avoiding the large choroidal vessels. A full thickness graft of RPE, Bruch membrane 
and choroid is cut at the inside of the circle under high intraocular pressure of 70 
mmHg while hemorrhage is controlled with diathermy. Perfluorocarbon liquid 
(PFCL) is used to stabilize the graft while transporting it to the center of the posterior 
pole. Once the graft is flattened at the location that corresponds to the fovea, a few 
minutes pass to assure adhesion between the graft and the posterior pole. The 
procedure continues with careful removal of PFCL and replacement of the temporal 
retina back to its original position. PFCL is injected to assure that the complete 
retina is flattened to the posterior pole. Laser endophotocoagulation is applied 
near the ora serrata and the remaining anterior retina is removed with a vitreous 
cutter. At last, PFCL is exchanged with silicone oil. The silicone oil is removed 2 
months after the RPE-choroid transplantation. 

Anastomosis between the choroid and the transplanted choriocapillaris of the graft 
usually develop within two weeks after surgery. When vascularization of the graft 
does not occur, the graft can go into atrophy and visual acuity can deteriorate. To 
counteract this lack of vascularization, growth of anastomotic vessels can be 
stimulated by scraping the Bruch’s membrane. This can be done during silicone oil 
removal by a inserting a spatula through a small retinotomy at the temporal side 
of the graft. 

Outcome of RPE-choroid transplantation
Two small case series (n = 12 and 13 patients) reported on short-term results.57,58 
After approximately one year, most patients had a visual improvement or 
stabilization. Notably, Degenring et al. found a high rate of PVR (33%), which was 
attributed to the large peripheral retinotomy.58 Though initial results seemed 
favourable, there are no long-term data regarding RPE-choroid transplantation 
using a peripheral retinotomy.  

Macular translocation
In full macular translocation (FMT) the fovea is placed on extrafoveal RPE by 
rotating the entire retina around the optic nerve. FMT is indicated only in the 
presence of healthy RPE near the macula, since rotation is limited to approximately 
45°. When rotating the retina, the perceived image is rotated as well, resulting in 
cyclotropia. The brain cannot overcome such deviation, causing intolerable 
confusion. Therefore, counterrotation of the eye is needed. Nonetheless cyclotropia 
cannot be fully eliminated, which is the reason why FMT is performed only in 
patients with low vision in the fellow eye.
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In 1993 Machemer and Steinhorst demonstrated the feasibility of FMT in a rabbit 
eye.60 Three days after surgery transmission pictures of scanning electron 
microscopy showed viable photoreceptors, proving the principle that submacular 
surgery can be performed with minimal iatrogenic injury. In the same year 
Machemer and Steinhorst published a small case series of FMT performed in 
humans.61 In 1997 Eckhardt & Eckhardt contributed to the necessary refinement of 
FMT by describing the technique for counterrotation of the globe.62 Limited macular 
translocation is a modification described by de Juan et al., in which the sclera is 
partially resected and the retina is detached in the superotemporal quadrant.63 
With the patient in upright position after surgery, the retina is passively translocated 
using the gravity. This technique became less popular because of unpredictable 
displacement of the fovea, limiting its use to small lesions. 

Technique of full macular translocation
FMT is performed under general anaesthesia. Usually compensatory muscle 
surgery is the first step. Only when the amount of rotation is unpredictable, e.g. in 
case of a large hemorrhage, muscle surgery is performed during the second 
intervention simultaneously with silicone oil removal. For counterrotation, the 
superior oblique is recessed by 12 mm and the inferior oblique is advanced by 12 
mm. The temporal one-third of the width of the superior rectus is displaced to the 
upper border of the medial rectus and nasal one-third of the width of the inferior 
rectus is displaced to the inferior border of the lateral rectus. Additionally, in the 
fellow eye the anterior part of the superior oblique is recessed by 12 mm and the 
superior rectus is recessed by 4 mm. After muscle surgery, the following steps are 
the same as in RPE-choroid transplantation: cataract surgery when the patient is 
phakic, a complete vitrectomy, detaching the retina by injecting BSS and repeated 
fluid-air exchange, creating a peripheral retinotomy at the ora serata, flipping the 
temporal part of the retina to the nasal part, and removing the CNV. In FMT the 
retinotomy is performed for about 330°. At this time, a small part in the inferior 
nasal quadrant remains attached to avoid collapse of the retina over the optic 
nerve. After removing the CNV the retina is stabilized by injecting a bubble of PFCL 
and the last part of the retina attached at the ora serrata is cut to complete the 
360° retinotomy. The retina is rotated around the optic nerve in order to position 
the macula on a healthy area of RPE and choroid. When the desired rotation is 
achieved, more PFCL is added to reattach the retina completely. Due to the rotation, 
part of the temporal retina ends up in the nasal side. As the temporal part is 
usually longer than the nasal one, the redundant part that overlays the pars plana 
needs to be removed. The peripheral retina is then treated  with 5-6 rows of laser 
endophotocoagulation. At last, PFCL-silicone oil exchange is performed paying 
close attention to remove the meniscus of fluid between PFCL and silicon oil. The 
silicone oil is removed two months later.

Outcome of full macular translocation
In most patients the visual acuity stabilizes or increases after FMT.64–66 Surprisingly, 
best results were obtained in reading speed and near visual acuity.67 Moreover, 
FMT has a positive effect on the quality of life and vision related tasks.68 Lüke et al. 
found that patients treated with FMT experienced more often improvement in visual 
acuity and quality of life compared to patients treated with PDT.69 Reported 
complications include retinal detachment, PVR, macular hole, epiretinal membrane 
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formation and residual diplopia. Some patients develop a recurrent CNV at the 
edge of the membranectomy site, requiring additional treatment.70 

It has been demonstrated that geographic atrophy is contra-indicated due to 
reoccurrence of foveal RPE atrophy that is similar in shape and location to the 
original preoperative areas of foveal atrophy.71  

Long-term follow-up results are inconsistent. Yamada et al. (2010) found a high 
rate of atrophy and a lower visual acuity at 5 years postoperatively compared to 
baseline.72 Takeuchi et al (2012), on the other hand, found improved visual acuity 
up to 5 years postoperatively.73 

Aim of this thesis
Although many researchers have investigated submacular surgery, there are still 
many questions. What is the potential of functional and morphological improvement 
when the damaged fovea affected by AMD is placed upon extrafoveal RPE, either 
by RPE-choroid transplantation or FMT? 

In the literature there is scarce information regarding the long-term results of both 
treatments. It is unsure whether extrafoveal RPE is able to sustain the demanding 
metabolism of the fovea in the long term. 

At the moment there is an incomplete understanding about the morphology of the 
fovea and its role in visual recovery. Can we select patients with a better prognosis?

Though a host-graft reaction has only been reported in allogenic transplantation, 
may the immune system regard autologous transplanted RPE as “dangerous”, 
thereby activating an immune response? (Theory of P. Matzinger)74,75 

In this thesis we aim to collect some pieces of the puzzle in the hope to expand our 
understanding and improve the surgical treatment for neovascular AMD. 
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neovascularization in age-related macular degeneration
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Abstract

Purpose: To investigate the long-term outcome of full macular translocation (FMT) 
for neovascular age-related macular degeneration (AMD) and to identify predictive 
factors.

Design: Retrospective uncontrolled case series.

Participants: Patients were considered for FMT if they had low vision in the fellow 
eye and choroidal neovascularization (CNV) along with 1) no response to vascular 
endothelial growth factor inhibitors (anti-VEGF), 2) retinal pigment epithelial (RPE) 
tear, 3) subretinal haemorrhage, 4) foveal scar tissue of recent onset or 5) CNV 
before the availability of anti-VEGF. In the period of 2004-2012 a total of 255 
patients underwent FMT. Exclusion criteria were patients <60 years old, FMT for 
other disease than AMD, and a follow-up of <12 months. 

Methods: Preoperative, annual and last distance best corrected visual acuity (BCVA) 
were retrospectively obtained from patient files. Complications were recorded 
using fundoscopy, optical coherence tomography, autofluorescence and 
angiography.

Main Outcome Measures: Distance BCVA at 1 year and 5 years postoperatively 
and at last visit compared to preoperative BCVA. 

Results: 158 patients (mean follow-up 45 months) were included. Median BCVA 
improved from 0.90 logMAR preoperatively to 0.70 logMAR 1 year after FMT (2 
lines gained; p-value = 0.000). In a subgroup of 56 patients followed ≥5 years 
median BCVA improved from 0.95 logMAR preoperatively to 0.70 logMAR 1 year 
postoperatively (2.5 lines gained) and remained improved 5 years after FMT with 
a median BCVA of 0.80 logMAR (1.5 lines gained compared to preoperative 
BCVA; p-value = 0.000). The main complications were foveal RPE atrophy (n = 
73, 47%) and CNV recurrence (n = 47, 30%). Complications that were statistically 
significant (p-value<0.05) with an increased risk to lose ≥1 line at last visit were 
foveal RPE atrophy (OR 7.0), CNV recurrence (OR 2.6) and proliferative 
vitreoretinopathy (PVR) (OR 17.6). None of the baseline characteristics could be 
identified as predictive factors for visual loss. 



32 33

Introduction
Age-related macular degeneration (AMD) is the leading cause of blindness in 
elderly Caucasian people.1 Although the neovascular type of AMD is less prevalent 
than the non-exudative (dry) type of AMD, it is associated with a worse prognosis 
if left untreated.2 The introduction of vascular endothelial growth factor inhibitors 
(anti-VEGF) has improved the prognosis of neovascular AMD significantly.3-5 
However, some patients do not respond to anti-VEGF treatment. Furthermore, 
there are cases that are unlikely to benefit from anti-VEGF due to massive 
submacular hemorrhage or retinal pigment epithelium (RPE) tear. In these cases 
surgical treatment is an option to rescue the vision.

Full macular translocation (FMT) is a surgical treatment in which the macular area 
is rotated to a healthy RPE and choroid. The technique was first performed by 
Machemer et al.6 and further developed by Eckhardt et al.7 The effect of FMT has 
been studied previously7-17, but only a few studies have investigated the long-term 
outcome.18-22 The results differ substantially among the various articles and 
accordingly there is a lack of conclusive evidence. 

Our aim was to investigate the long-term outcome of FMT  for neovascular AMD 
in the group of patients who underwent surgery in our institution. Furthermore, we 
investigated whether we could identify predictive factors for the outcome of FMT.

Methods
This research is a single-center retrospective study that was performed in the 
Hospital Sacro Cuore – Don Calabria (Negrar, Italy). The institutional review board 
ruled that approval was not required for this study. 

Patients
In the period of 2004-2012 a total of 255 patients with choroidal neovascularization 
(CNV) underwent FMT. This surgery was offered to patients with advanced disease 
in the fellow eye and progressive visual loss in the study eye and 1) no response to 
anti-VEGF treatment, 2) an RPE tear, 3) a massive subretinal hemorrhage, 4) 
fibrotic scar tissue of recent onset or 5) CNV before anti-VEGF was available in our 
institute (up until the year 2007). Patients were considered non-responsive to anti-
VEGF when vision continued to decrease despite at least three injections. When 
spectral domain optical coherence tomography (SD-OCT) became available (since 
November 2008), the status of outer retinal layers in the fovea were taken into 
consideration when offering FMT to AMD patients. Using multimodal imaging, 
patients with absent external limiting membrane (ELM) and ellipsoid zone (EZ) or 
marked thinning of outer nuclear layer (ONL) tended to be excluded from surgery. 
After informing about the procedure and risks of complications patients gave 
informed consent. Visual function, fundus examination, SD-OCT, autofluorescence 
(AF), fluorescein angiogram (FA) and indocyanine green angiography (ICGA) 
(Heidelberg 2008, Germany) were obtained preoperatively. Exclusion criteria for 
this study were 1)  FMT for other diseases than neovascular AMD, 2) age less than 
60 years, and 3) a follow-up of less than 12 months.
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Surgical procedure
FMT was carried out under general anesthesia in all patients.  The surgical 
procedure was performed as described previously9,20(see also video available at 
http://aaojournal.org and Appendix 1). Briefly, compensatory muscle surgery was 
performed at first. Only when the angle of rotation could not be predicted, i.e. in 
case of massive subretinal hemorrhage, muscles were adjusted after the retinal 
rotation. In phakic eyes a phaco-emulsification with an intraocular lens implant 
was carried out. After a pars plana vitrectomy the posterior hyaloid was detached 
and the vitreous base was carefully shaved with a vitreous cutter. Retinal detachment 
was induced by injecting balanced salt solution with a 41 gauge cannula into the 
subretinal space and a complete detachment was accomplished by a fluid-air 
exchange. Once the retina was detached, a 340 degrees retinotomy was performed 
at the ora serrata.  While lifting the retina the CNV was removed and the afferent 
vessel was cauterized. Thereafter, the 360 degrees retinotomy was completed and 
the retina was stabilized with perfluorocarbon liquid (PFCL). The retina was 
carefully rotated approximately 45 degrees preferably in the upward direction in 
order to maximize the translocation. Once the translocation was completed, PFCL 
was injected up to the ora serrata to reattach the retina and laser photocoagulation 
was performed at the edge of the retinotomy. Finally PFCL was exchanged with 
silicon oil. After a mean of 4.0 (SD 2.8) months the silicone was removed from the 
eye. Postoperative patients had routine visits to the hospital, first weekly, then 
monthly, and after 6 months at least once a year.

Outcome measures
Demographics and clinical data were reviewed from patient files between January 
and March 2014. Preoperative imaging was retrieved and analyzed by an 
experienced observer to categorize preoperative lesions into CNV-only, RPE tear, 
hemorrhage or fibrosis, based on the predominant lesion component. Early and 
late complications as detected during regular outpatient clinic visits by clinical 
examation, fundoscopy, intraocular pressure (IOP) measurements and multimodal 
imaging using AF, FA, ICGA and, when available, SD-OCT were reported. 

The primary outcome measure was the Snellen distance BCVA, which was converted 
into logarithm of minimal angle of resolution (logMAR) for analysis. Secondary 
outcome measures were the intra- and postoperative complication rates. Because 
RPE atrophy was not consistently reported in patient files we reviewed all images 
and defined it as present when it involved the fovea on AF and, if available, on 
SD-OCT. 

Statistics
SPSS version 19 for Windows (IBM, New York, USA) was used for analyzing the 
data. Difference in baseline BCVA and BCVA at 1 year were analyzed with Wilcoxon 
Rank test. In a subanalysis of patients with a follow-up of at least 5 years the 
Friedman test was used to assess the difference in baseline BCVA, BCVA at 1 year 
and at 5 years postoperatively. Pearson χ² test was used to compare the distribution 
of legally blind patients (Snellen ≤20/200 vs Snellen >20/200) at baseline to the 
distribution of patients 1 year and 5 years postoperatively.  Predictive factors for the 
risk of losing ≥1 line at last visit were identified with the use of backwards logistic 
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regression controlling for confounding factors including baseline BCVA and 
duration of follow-up. P-value of <0.05 was considered statistically significant.

Results
Of the 255 patients who underwent FMT, 97 patients (38%) were excluded because 
of <12 months follow-up (n = 65), other disease than AMD (n = 25) or <60 years 
old (n = 6). A short follow-up of less than a year occurred mostly in cases of long-
distance referrals or because patients did not return at the scheduled visits (n = 
30). Demographics and baseline characteristics of the 158 patients that were 
included are presented in Table 2.1. In all patients the CNV was completely 
removed and the retina was successfully translocated. In 9 cases the retina was 
translocated downwards due to RPE damage in the superior part of the posterior 
pole. The mean duration of follow-up was 45 months (range 12-109). Eighty-
seven patients (55%), 56 patients (35%) and 3 patients (2%) were followed up for 
at least 3, 5 and 9 years, respectively.

Demographics and 
patient characteristics

2004-
2005

2006-
2007

2008-
2009

2010-
2011 2012 Total Subgroup 

≥5 yr FU

Number of patients 46 33 36 27 16 158 56

Mean duration of 
follow-up in months 
(SD)

55 (33) 45 (18) 45 (18) 28 (8) 18 (3) 45 (27) 76 (15)

Mean age (SD) 77 (7.2) 74 (6.8) 74 (6.8) 75 (6.3) 76 (5.8) 75 (6.7) 74 (6.9)

M:F 20:26 11:22 18:18 14:13 5:11 68:90 30:26

R:L 25:21 20:13 18:18 11:16 5:11 79:79 30:26

Lesion characteristic
• CNV-only
• RPE tear
• Hemorrhage
• Fibrosis

22
2
13
9

9
6
11
7

14
3
14
5

12
5
8
2

4
7
5
0

61
23
51
23

21
18
8
9

Previous therapy
• None
• Anti-VEGF
• PDT
• tPA+gas
• IVT
• Laser

20
0
22
2
5
2

6
13
15
3
8
1

2
33
7
3
1
0

1
25
2
2
0
0

0
16
0
3
0
0

29
87
46
13
14
3

7
21
25
5
10
1

Median BCVA in 
logmar (min-max)

1.00 
(0.5-2.3)

1.00 
(0.4-
2.3)

0.80 
(0.3-2.3)

0.60 
(0.2-2.3)

0.70 
(0.4-2.3)

0.90 
(0.2-
2.3)

0.95 
(0.4-2.3)

Table 2.1: Patient characteristics and demographics at baseline for patients that underwent 
full macular translocation according to the year of surgery, for the total number of patients 
and for a subgroup of patients followed for ≥5 years.Anti-VEGF= vascular endothelial 
growth factor inhibitor, BCVA = best corrected visual acuity, F= female, IVT= intravitreal 
triamcinolone, L= left, M= male, PDT = photodynamic therapy, R= right, RPE= retinal 
pigment epithelial, SD= standard deviation, tPA = tissue plasminogen activator.
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Figure 2.1: Scatterplot of the best corrected visual acuity (BCVA) of all patients (n=158) (A-
B) and of patients followed-up for at least 5 years (n=56) (C-D) before full macular 
translocation (FMT) compared to one year after FMT (A, C) and compared to BCVA at last 
visit (B, D). The scales in each graph indicate the number of patients.

Best corrected visual acuity
The distribution of BCVA one year after FMT and at last visit compared to baseline 
BCVA is shown in Figure 2.1. The median distance BCVA values were 0.90 at 
baseline and 0.70 at one year (p-value = 0.000) (Table 2.2). Patients followed for 
at least 5 years had a median BCVA of 0.95 at baseline, 0.70 at 1 year and 0.80  
at 5 years postoperatively (p-value = 0.000). The number of patient that were 
legally blind (BCVA ≤20/200 Snellen) significantly decreased from 76 (48%) to 48 
(30%) 1 year after FMT (p-value = 0.001). In the subgroup of patients followed for 
≥5 years the number of legally blind patients decreased from 28 (50%) at baseline 
to 20 (36%) 5 years after FMT (p-value = 0.127). At last visit, 71 patients (45%) 
had gained ≥3 lines, 55 patients (35%) had less than 2 lines of change and 32 
patients (20%) had lost ≥3 lines compared to baseline BCVA. 

Complications
Intraoperative complications
Intraoperative complications were subretinal PFCL without foveal involvement (n = 
6), large subretinal hemorrhage (n = 3), and choroidal detachment (n = 3). In the 
three cases of choroidal detachment the surgery was interrupted and postponed 
until after resolution of the choroidal hemorrhage.
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BCVA
Baseline 1 year 5 years Last visit 

n=158 n=56 n=158 n=158 n=56 n=56 n=56

Median in 
logMAR 0.90 0.95 0.70* 0.80 0.80 0.70** 0.80**

Mean (SD) in 
logMAR

1.08 
(0.59)

1.16 
(0.59)

0.76 
(0.46)

0.87 
(0.60)

1.01 
(0.46)

0.74 
(0.47)

0.92 
(0.63)

≥20/40 Snellen 
n (%) 3 (2%) 0 26 (17%) 32 

(20%) 6 (11%) 9 
(16%)

8 
(14%)

≥20/100 
Snellen n (%) 62 (40%) 23 

(41%) 89 (56%) 77 
(49%)

20 
(36%)

32 
(57%)

25 
(45%)

≤20/200 
Snellen n (%) 76 (48%) 28 

(50%)
48 
(30%)†

53 
(34%)

22 
(39%)

16 
(29%)

20 
(36%) 

≥3 lines gain - - 74 (47%) 71 
(45%)

22 
(39%)

27 
(48%)

22 
(39%)

≤2 lines 
change - - 61(39%) 55 

(35%)
19 
(34%)

24 
(43%)

22 
(39%)

≥3 lines loss - - 23 (15%) 32 
(20%)

15 
(27%) 5 (9%) 12 

(21%)

Table 2.2: Best corrected visual acuity (BCVA) at baseline, at 1 year and 5 years after 
surgery and at last visit for all patients (n=156) and a subgroup of patients that were 
followed for at least 5 years (n=56). *Wilcoxon test for BCVA at 1 year compared to 
baseline: p-value = 0.000. **Friedman test for BCVA at 1 and 5 years compared to 
baseline: p-value = 0.000. †Pearson χ² test: 1 year after FMT p-value = 0.001 and 5 years 
after FMT p-value = 0.127 compared to baseline. 

Postoperative complications
The major complications after FMT are presented in Table 2.3. The main 
complication was foveal RPE atrophy, with a rate of 57% overall and 67% in 
patients followed for at least 5 years. The atrophy either developed progressively 
starting from the site of the membranectomy or it appeared as hypofluorescent 
spots close to the fovea that became darker and larger over time (Figure 2.2). CNV 
recurrence was noted in 47 eyes (30%) and it also developed from the border of 
the membranectomy (Figure 2.3). Three patients were not treated because the 
CNV was too advanced and fibrotic (n = 2) or because the patient was treated 
elsewhere (n = 1). Forty-two patients had been treated with intravitreal injection, 
PDT, laser or a combination of the aforementioned procedures. In two cases there 
was an early CNV recurrence which did not respond to anti-VEGF treatment. In an 
attempt to rescue the vision from CNV growing towards the fovea a second 
membranectomy was performed in these cases. Although an improvement of at 
least one line could be detected in 23 patients (52%) after treatment compared to 
the time of recurrence, 28 patients with a recurrent CNV (64%) had worse BCVA at 
last visit than at baseline. In one patient visual loss was due to an RPE tear after 
treatment with anti-VEGF for recurrent CNV. Other observed complications were 
cystoid macular edema (n = 16), retinal detachment (n = 13), macular hole (n = 
9), epiretinal membrane (n =8), and proliferative vitreoretinopathy (PVR) (n = 8). 
Ocular hypertension occurred in 16 cases and in all eyes the IOP was successfully 
controlled after silicone oil removal and/or pressure lowering eye drops. 
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Postoperative ocular hypotension was observed as well; in one case low IOP 
persisted (2 mmHG at last visit 5 years after FMT). The most common non-vision-
threatening complication was diplopia (n = 20, 13%). Diplopia was persistent in 7 
patients (4% out of all patients) and there were no therapeutic options left. In two 
of these cases the fellow eye was penalized to avoid disturbance. 

Complication Number 
of patients

Median months 
after FMT 
(range)

Treatment
N. of patients 
improved after 
treatment

Foveal RPE 
Atrophy 74 (47%) 20 (0-89) - -

CNV Recurrence 47 (30%) 19 (0-82)

None: 3
Anti-VEGF: 28
PDT: 2
Laser: 1
Combination: 11
Membranectomy + 
anti-VEGF: 2

23 * (52%)

Diplopia 20 (13%) After surgery

None: 5
Prismatic correction: 9
Muscle surgery: 4
Prismatic correction + 
surgery: 3

13** (81%)

Cystic macular 
edema 17 (10%) 12 (1-43) None: 13

Corticosteroid:  4 3* (75%)

Ocular 
hypertension 16 (10%) 3 (0-20) IOP lowering drops: 

16 16*** (100%)

Retinal 
detachment 13 (8%) 5 (0-18) None: 1

Vitrectomy: 12 9 * (75%)

Macular hole 9 (6%) 8 (1-19) None: 5
Vitrecomy: 4 4 * (100´%)

Epiretinal 
membrane 8 (5%) 2 (1-25) Peeling: 8 4 * (50%)

Proliferative 
vitreoretinopathy 8 (5%) 2 (1-5) None: 3

Vitrectomy: 5 5 * (100%)

Table 2.3: Major complications after full macular translocation (FMT). CNV = choroid 
neovascularization, IOP= intraocular pressure, PDT = photodynamic therapy, RPE = retinal 
pigment epithelial. * number of patients that gained ≥1 logMAR after treatment. ** number 
of patients without diplopia after retreatment. *** number of patients with IOP within normal 
range after medication. Less common postoperative complications: intraocular lens (IOL) 
opacity (n=2), IOL luxation (n=1), and persistent ocular hypotony (n=1).
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Figure 2.2: Fundus autofluorescence images showing retinal pigment epithelial (RPE) 
atrophy expanding from the membranectomy as well as de novo spots that appeared near 
the fovea and larger and confluent (C-H). Within 19 months the RPE atrophy involved the 
entire macular area and consequently the visual acuity decreased. Preoperative ocular 
coherence tomography images (A-B) show drusen superior to the fovea (arrow heads) 
which may be related RPE damage at the location where the foveal retina was translocated 
after surgery.  

Predictive factors
Figure 2.4 shows the change in BCVA for each lesion characteristic. Although CNV-
only and fibrosis appeared to improve less over five years of follow-up compared to 
the other lesion characteristics, these could not be identified as statistically significant 
predictive factors for losing ≥1 line at last visit when controlling for preoperative BCVA 
and duration of follow-up. None of the other baseline characteristics including age, 
gender, previous treatment, and year of surgery were predictive factors in the logistic 
regression model. From the postoperative complications the following factors carried 
a statistically significant risk for losing ≥1 line at last visit while controlling for 
preoperative BCVA and duration of follow-up: foveal RPE atrophy (OR 7.0; CI95% = 
[2.97-16.57]; p-value = 0.000), CNV recurrence (OR= 2.6; CI95% = [1.21-5.57]; 
p-value = 0.015), and PVR (OR 17.6; CI95% = [2.09-148.37]; p-value = 0.08). 
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Figure 2.3: Serial fluorescent angiography images and optical coherence tomography 
images through the fovea and parafoveal region from a patient with recurrent CNV at 4 
months. Preoperative best corrected visual acuity (BCVA) was 20/80. Although the greatest 
gain in vision was observed at 4 months (BCVA 20/40), visual improvement could still be 
detected at 15 months (BCVA 20/63), after 6 injections of ranibizumab. 

Discussion
In this study a clinically and statistically significant improvement of BCVA was 
detected after FMT and the BCVA remained a clinically and statistically significant 
improvement for up to 5 years. By removing the CNV and rotating the retina to a 
healthy area of RPE and choroid the macula regained some of its function in the 
majority of the patients. We found that 45% had ≥3-line gain at last visit. The 
percentage of legally blind patients dropped significantly from 48% at baseline to 
30% one year after FMT. Considering the natural history of neovascular AMD and 
the ineffectiveness of other treatments, these results reflect a great achievement. 
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Figure 2.4: Median best corrected visual acuity (BCVA) from baseline to 5 years 
postoperatively for patients with lesion characteristic choroidal neovascularization (CNV)-
only (n=61), retinal pigment epithelial (RPE) tear (n=23), hemorrhage (n=51), and fibrosis 
(n=23).

However, FMT does not act on the causative mechanisms underlying the onset and 
progression of active disease. Therefore, even after surgery, some patients may 
experience disease progression with recurrent CNV and progressive outer retinal 
degeneration secondary to atrophic RPE changes. In our series the most common 
postoperative complication was foveal RPE atrophy that occurred in more than half 
of the patients. In some patients the size of atrophy remained stable over years, 
while in other cases the atrophy expanded rapidly within a few months. This may 
reflect the inclusion of either different stages of neovascular AMD or different 
genotypes with varying degree of vulnerability of RPE cells, explaining different 
patterns of progression. We had the clinical impression that expansion was 
influenced by CNV recurrence associated with subretinal hemorrhage that 
promoted a rapid deterioration of the underlying RPE, however, rapid expansion 
was also observed in some cases without recurrence. We did not observe RPE 
atrophy shortly after surgery as if it had been moved from areas of retina with pre-
existing geographic atrophy.23,24 The second most common complication was the 
recurrence of CNV, which always originated from the border of the membranectomy 
and progressed towards the fovea. This phenomenon has been described 
previously by Bear et al.25 and they hypothesized that it is related to signals going 
from the diseased fovea towards the site of the membranectomy. In our study an 
initial improvement was observed in cases of recurrent CNV after early anti-VEGF 
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treatment with close monitoring. However, due to repeated recurrences, 
development of fibrotic tissue and atrophy, these patients had a statistically 
significant higher chance of vision loss at last visit. Anti-VEGF treatment of 
recurrences was administrated as needed (PRN) without a fixed interval. This 
treatment regimen might have contributed to the progression of the disease despite 
repeated anti-VEGF. Therefore, results might have been better with treat-and-
extend or monthly treatment in these patients. Another complication that increased 
the risk of visual loss was PVR. Although the complication rate was as low as 5%, 
the risk of vision loss in patients with PVR was considerably high with an OR 17.6.  

Patients with a large subretinal hemorrhage at baseline tended to have a better 
visual improvement at last visit compared to patients with fibrosis or CNV-only. The 
large improvement experienced by patients with subretinal hemorrhage might be 
explained by the initial low vision due to blood and the consequently higher chance 
of visual gain after blood removal. The gain in patients with fibrosis and CNV-only 
was less because of the relatively higher initial vision but also most likely due to 
preoperative chronicity of the retinal damage. It can be hypothesized that in 
patients with hemorrhage, fibrosis and CNV-only the amount of visual function 
that could be rescued reached its maximum at approximately one year after FMT 
due to a history of chronic maculopathy with a high degree of irreversible damage. 
Contrastingly, patients with an RPE tear generally presented with less chronic 
lesions as suggested by the higher preoperative BCVA, and they experienced a 
better BCVA after FMT. Despite the sudden visual loss in case of foveal tear, the 
overlying outer retina was still intact in most cases and the chance for postoperative 
visual recovery was consequently higher. Patients with fibrosis at baseline generally 
had poorer results in the long term due to severe preoperative atrophic changes of 
the outer retinal layers overlying the fibrotic tissue, as demonstrated after the 
introduction of SD-OCT. Only in a few cases the neurosensory retina overlying the 
fibrosis was still intact due to a layer of fluid that separated the retina from the 
fibrosis. 

Our long-term results are more favorable compared with those reported by 
Aisenbrey et al.18, Chen et al.19 and Yamada et al.21 These authors demonstrated 
a 3-line gain at final observation in only 17%, 25% and 16%, respectively. In 
contrast, we found that 45% still had a 3-line gain at last visit. This difference might 
be explained by a variance in baseline characteristics, duration of follow-up, 
surgical technique, and the rate of postoperative complications. Careful shaving of 
the vitreous base might have contributed to a relatively low rate of retinal 
detachment and PVR in our study. Our results are similar to that of Takeuchi et al.22 
They also found a marked improvement of BCVA at 1 year and 5 years after FMT. 
As confirmed by other studies18,19,21, we found that the main vision-threatening 
complication was foveal RPE atrophy. It should be noted that this complication was 
not described in any of the patients in the study of Takeuchi et al. Although it would 
be remarkable that this common complication did not occur, it might explain their 
excellent results. 
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This study has several limitations we need to address. First of all, a relatively large 
group of patients was excluded because of loss to follow-up within 12 months after 
surgery. In many patient files at the last visit it was documented that the patient 
preferred to continue the visits nearby home, while for other patients no reason 
was specified. In theory, patients with a poor visual acuity could be less likely to 
return to a follow-up and therefore our results might have come out differently if 
data of these patients would have been included in the study. It should be considered 
however, that apart from visual outcome there might have been other reasons for 
loss to follow-up in a population of elderly with risk of age-related comorbidities. 
The second limitation is that the study population is uncontrolled and not 
randomized. Therefore, no conclusive evidence about the effectiveness of FMT can 
be drawn from this research and our results cannot be generalized. It also raises 
the question whether the patients would have improved if they would not have 
undergone FMT. In an attempt to answer this question, we can look at the evidence 
from published literature on the natural history of AMD, which shows a mean loss 
of 4 lines in two years.26 The Submacular Surgery Trials (SST) showed that surgical 
removal of CNV and/or submacular hemorrhage without translocation did not 
significantly increase the chance of stable or improved vision compared to the 
natural history.27,28 Our results turned out to be favorable not only compared to the 
natural history or surgical CNV removal, but they also seem better compared to 
anti-VEGF injections, today’s standard therapy for neovascular AMD. In the SEVEN-
UP study BCVA initially improved by a mean of approximately 2 lines after two 
years of intensive monthly treatment.5 In the long term, however, the visual acuity 
decreased by a mean of approximately 1.5 lines compared to baseline after a 
mean follow-up of 7.3 years. Only 12% of the patients had ≥3-line gain at last 
visit. In addition, central fibrotic scars were detected in about one third of the study 
eyes and almost all eyes showed the presence of macular atrophy. In our subgroup 
of patients followed for at least 5 years with a mean follow-up of 6.3 years there 
was a mean gain of visual acuity at last visit and 39% still had ≥3-line improvement. 
While caution should be taken with direct comparisons, it would be very unlikely 
that a statistically significant gain of vision 5 years after surgery in our study group 
would have occurred without treatment. Another important limitation of this study 
is its observational nature, which enhances the risk of bias and confounding. 
Unfortunately, we could not assess all relevant baseline features, such as the 
duration of symptoms and lesion size because of missing data. These parameters 
could possibly be confounding factors as they might have had an effect on the 
outcome. In spite of the high risk of bias and confounding factors we purposely 
chose this study design without control group because we believe that it would be 
unethical to withhold patients who have not responded to conventional treatments 
and are thus at a high risk of further visual loss from undergoing FMT which has 
the potential of restoring vision.  The major strengths of this study are the high 
number of patients and the long follow-up.

Bilateral AMD effects the quality of life severely because of difficulties with daily 
activities and loss of independency.29 According to previous research the vision 
related quality of life improved significantly after FMT along with an improvement 
in reading speed and near vision.30 It has been demonstrated that after FMT the 
near visual acuity improves more than distance visual acuity.11,14,30 Whereas the 
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distance BCVA improved in our study, we additionally had the strong clinical 
impression that the near vision improved even more resulting in improvement of 
the patients quality of life. Unfortunately, we were unable to confirm this finding 
because near vision was not assessed in a standardized manner in our clinic. 

Initially FMT was a promising treatment as research demonstrated favorable results 
for FMT compared to PDT.15,17 With the introduction of anti-VEGF injections, the 
interest for complex surgery such as FMT declined. FMT can take a new but 
nonetheless important role in the anti-VEGF era since FMT is able to rescue vision 
in otherwise hopeless neovascular AMD cases that cannot be treated with anti-
VEGF. Retinal imaging with SD-OCT may reveal features, e.g. integrity of ELM and 
EZ and the thickness of ONL, that identify cases that are more suitable for FMT so 
that case selection can be improved in the future. 

In conclusion, we detected a clinically and statistically significant benefit of FMT up 
to five years postoperatively. Specially neovascular AMD with RPE tear or submacular 
hemorrhage seemed to benefit from FMT. However, we also found a high rate of 
vision-threatening complications. In particular foveal RPE atrophy, CNV recurrence 
and PVR carried a high risk of visual loss. Since the natural history is poor as 
demonstrated by the end-stage condition of the first eye involved and the treatment 
options are limited, we propose FMT as a treatment for second eyes with active 
neovascular AMD that have not benefitted or are unlikely to benefit from anti-
VEGF.
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Morphological changes in the diseased retina on a healthy choroid-
retinal pigment epithelial complex after full macular translocation 
for exudative age-related macular degeneration.

Saskia HM van Romunde, Antonio Polito, Antonio Peroglio Deiro, Laura Bertazzi, 
Massimo Guerriero, Grazia Pertile

Acta Ophthalmologica 2019:97:e283-e289

Abstract

Purpose: To describe the change of the retinal morphology after full macular 
translocation (FMT) for exudative age-related macular degeneration (AMD) and 
identify predictive factors for the visual outcome.

Methods: All patients that underwent FMT from December 2008 through July 2013 
were selected. Exclusion criteria were FMT for other disease than AMD, age <60 
years old, <12 months of follow-up, or no available images. Spectral domain-
optical coherence tomography (SD-OCT), fundus autofluorecence (FAF), 
fluorangiography, and indocyanine green angiography were evaluated.

Results: In total, 51 patients were included with a mean follow-up of 30 months. 
Presence of the external limiting membrane (ELM) was a significant predictor for a 
favorable visual outcome 1 year after FMT (OR = -0.30). Other significant 
predictive factors were absence of intraretinal fluid (OR = 0.28) and mixed CNV 
type (OR = -0.47), whereas non-responders (OR = 0.41) and fibrotic lesions (OR 
= 0.35) were less likely to have a good visual function after surgery. 

Conclusion: FMT, that permits to relocate the diseased macula onto an area of 
unaffected RPE and choroid, can restore the anatomy and visual function in some 
patients with AMD when the outer retina layers are not irreversible damaged. The 
presence of ELM seems to be the most reliable factor in predicting the functional 
outcome.
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Introduction
Exudative age-related macular degeneration (AMD) is a common eye disease in 
the elderly that can lead to a reduced quality of life and autonomy. Nowadays, the 
standard of care is anti-vascular endothelial growth factor (anti-VEGF) injections, 
that inhibit the growth of choroidal neovascularization (CNV). Anti-VEGF may be 
less effective in certain cases such as large submacular hemorrhages, retinal 
pigment epithelial (RPE) tears involving the fovea, subfoveal plaque, or no response 
to anti-VEGF injections itself. Surgery can be a valuable treatment option in some 
of these cases. 

The first surgical attempt to treat exudative AMD was to remove the CNV underneath 
the retina. Historical publications of the submacular surgery trials were unable to 
prove a benefit of this treatment compared to the natural history, probably as a 
result of damage to the RPE and choroid (Bressler et al. 2004). Transplantation of 
RPE cells alone failed to provide sufficient support for the metabolic need of the 
outer retina (van Meurs et al. 2004). Full macular translocation (FMT) was the first 
technique that provided the macula with unaffected RPE and choroid, by rotating 
the macula to an extrafoveal area after CNV removal (Eckardt et al. 1999). Several 
studies demonstrated that choriocapillaris breakdown precedes retinal degeneration 
(Biesemeier et al. 2014, Bhutto & Lutty 2012, McLeod et al 2009). This underlines 
the role of the choriocapillaris in addition to the crucial function of the RPE in the 
metabolic support of the outer retinal layers. 

In our previous study, we found that 47% of all the patients gained at least 3 lines 
one year after FMT. However, other patients remained stable and a small percentage 
lost visual acuity (van Romunde et al. 2015). It has been suggested that preoperative 
careful case selection is the key to obtain best possible results for surgical 
intervention in AMD patients. Several attempts have been made to identify baseline 
features that can predict the visual outcome, such as short duration of visual loss, 
good foveal fixation, submacular hemorrhage, predominantly classic lesions, 
best-corrected visual acuity (BCVA) ≤ 20/120 Snellen, and occult lesions (Abdel-
Meguid et al. 2003, Uppal et al. 2007, Wong et al. 2004). 

In recent years spectral domain optical coherence tomography (SD-OCT) was 
introduced, which allows us to visualize the retinal layers in vivo. Using this 
instrument, it is possible to assess the pre- and postoperative anatomical features 
of the retina in detail. The aim of our study is to describe the changes of the retinal 
anatomy after FMT and to identify predictive factors for a good visual outcome 
using multimodal imaging including SD-OCT, fundus autofluorecence (FAF), 
infrared (IR), fluorangiography (FA), and indocyanine green angiography (ICGA). 

Methods
This research is a retrospective single-surgeon study performed in Hospital Sacro 
Cuore – Don Calabria (Negrar, Italy). The institutional review board approved the 
study protocol before data collection. The study has been carried out in accordance 
with the Declaration of Helsinki.  
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Patients
We selected all patients that underwent FMT from December 2008, when SD OCT 
became available in our clinic, until July 2013. There were 4 indications for FMT:  
1) no response despite a minimum of 3 injections of bevacizumab or ranibizumab 
(aflibercept was not yet available in our hospital), 2) an RPE tear involving the 
fovea, 3) a large submacular hemorrhage or 4) scar tissue of recent onset. Besides, 
a low vision was required in the fellow eye in order to reduce the risk of postoperative 
diplopia. Exclusion criteria were FMT for other disease than AMD, age <60 years 
old, <12 months of follow-up, or no available preoperative SD-OCT images. The 
procedure of FMT was described previously (van Romunde et al. 2015). 

Outcome measures
Clinical data and demographics were obtained from patient files from January 
through July 2014. Distance BCVA was measured in Snellen and converted into 
logarithm of minimal angle of resolution (LogMAR) for analysis. Preoperative and 
annual postoperative images were retained with FAF, IR, FA, ICGA and SD-OCT 
(Spectralis HR + OCT, Heidelberg Engineering GmbH, Germany). Two independent 
observers evaluated the images, while they were masked for visual acuity (APe, 
SvR). If there was no agreement between the observers, a third observer was 
consulted (APo). The considered outcome measures are reported below. The 
definitions and classifications that were used, derived from existing literature. 

Type of CNV
The type of CNV was categorized into type 1, type 2, mixed type (1+2), or type 3 
based on SD-OCT, FA and ICGA (Freund et al. 2010). Other categories were 
polypoidal choroidal vasculopathy (PCV), and fibrotic lesion. CNV size was 
measured including hemorrhage and exudates. 

Figure 3.1: OCT measurements: A-B: foveal center thickness (FCT), B-C: subretinal fluid 
(SRF), C-D: subretinal tissue complex (SRTC), A-D: total thickness. 
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Thickness measurements
The total thickness was divided into foveal center thickness (FCT), subretinal fluid 
(SRF), and subretinal tissue complex (SRTC). SRTC consists of exudates, blood, and 
fibrosis both above and underneath the RPE (Figure 3.1) (Jaffe et al. 2013). Outer 
nuclear layer (ONL) thickness was measured in the foveal center. All measurements 
were made manually with the caliper provided by the software HRA. For analysis, 
the mean value of a vertical and horizontal B-scan of each thickness was used. 

Presence of outer retinal layers
Presence of the external limiting membrane (ELM) and ellipsoid zone (EZ, in 
previous literature defined as IS/OS) were assessed on a horizontal and vertical 
SD-OCT B-scan within 500µm from the foveal center. ELM and EZ were categorized 
into absent, < 50% present, and ≥ 50% present. If it was impossible to trace the 
band from the periphery, we determined it as absent.

Other features
Presence of intraretinal fluid (IRF) was assessed on the OCT B-scan within a range 
of 500 µm from the foveal center. The vitreomacular interface was categorized into 
1) vitreomacular adhesion (VMA) if attached to the retina within a radius of 3 mm 
from the foveal center, 2) vitreomacular traction (VMT) in case of VMA with 
anatomical distortion of the fovea because of traction, 3) posterior vitreous 
detachment, or 4) vitreomacular interface not determinable on SD-OCT (Johnson 
et al. 2010). Presence of reticular pseudodrusen (RPD) was defined as ≥ 10 
hyporeflective parafoveal lesions on IR with corresponding subretinal hyperreflective 
deposits on OCT B-scans (Zweifel et al. 2010). Outer retinal tubulation (ORT) was 
defined as complete round or ovoid hyporeflective spaces with a hyperreflective 
border located in the ONL in any OCT B-scan (Zweifel et al. 2009). Postoperatively, 
the distance from the fovea to the atrophy derived from the membranectomy was 
measured on FAF, corresponding to absence of RPE on SD-OCT. 

Statistics
Agreement between the 2 observers was tested with k-statistic for categorical data or 
interclass correlation (ICC) for quantitative data. Variables were included in further 
analysis only if there was a substantial agreement (k-statistic or ICC > 0.60). 
Kolmogorov-Smirnov (K-S) was used to test whether variables were normally distributed. 
If a variable was not normally distributed, it was transformed into log(1+x) in order to 
obtain a normal distribution, which was confirmed by the K-S test. Change in thickness 
after FMT was analyzed with the 2-sided paired T-test. Change in presence of IRF and 
ELM after FMT was analyzed with the McNemar test. Correlations were tested with the 
Pearson Correlation test. Finally, a backward linear regression model, while controlling 
for baseline BCVA was used in order to identify predictive baseline features for BCVA 
at 1 year.  Results were considered statistically significant when p-value < 0.05. SPSS 
version 23 for Windows (IBM, New York, USA) was used for analysis.

Results  
The following features were excluded from the analysis because of interobserver 
variability: ONL, EZ, RPD and ORT. All other features had a substantial to almost 
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perfect agreement (k-statistic or ICC range 0.69 - 0.99). In total, 51 patients with a mean 
follow-up of 30 months (standard deviation (SD) = 15) were included in this study (see 
Table 3.1 for baseline features). Mean BCVA changed from 0.80 logMAR (SD = 0.50) 
at baseline to 0.58 logMAR (SD = 0.31) 1 year after FMT. Postoperative complications 
within 1 year were CNV recurrence involving the fovea (n = 8, 16%), RPE atrophy (n = 
8, 16%), epiretinal membrane (n = 2, 4%), retinal detachment without proliferative 
vitreoretinopathy (PVR) (n = 2, 4%), and retinal detachment with PVR (n = 2, 4%). Late 
complications were CNV recurrence (n = 5, 10%), and RPE atrophy (n = 4, 8%). 

Number of patients 51
Male subjects, no. (%) 22 (43)
Age, mean (SD) 76 (6)
Right eye, no. (%) 19 (37)
Previous treatment

• None, no. (%)
• Anti-VEGF, no. (%)
• Gas + tPA, no. (%)
• PDT + anti-VEGF, no. (%)
• Gas + tPA + anti-VEGF, no. (%)

1 (2)
42 (82)
1 (2)
2 (4)
5 (10)

Lesion feature
• RPE tear, no. (%)
• Hemorrhage, no. (%)
• Fibrosis, no. (%)
• Non-responder after a minimum of 3 injections (mean = 6), no. (%)

14 (27)
12 (24)
4 (8)
21 (41)

Lesion type
• Type 1, no. (%)
• Type 2, no. (%)
• Mixed type (1+2), no. (%)
• Type 3, no. (%)
• Fibrotic CNV, no. (%)
• PCV, no. (%)
• Unknown, no. (%)*

33 (64)
5 (10)
3 (6)
1 (2)
3 (6) 
1 (2)
5 (10)

Vitreomacular interface
• Not definable on OCT, no. (%)
• Posterior vitreous detachment, no. (%)
• Vitreomacular adhesion, no. (%)
• Vitreomacular traction, no. (%)

32 (63)
2 (4)
16 (31)
1 (2)

Lesion size mm2, mean (SD) 26 (26)
BCVA at baseline logMAR, mean (SD) 0.80 (0.50)

Table 3.1: Baseline characteristics. Anti-VEGF = anti-vascular endothelial growth factor, 
BCVA = best-corrected visual acuity, CNV = choroidal neovascularization, logMAR = 
logarithm of minimal angle of resolution, PDT = photodynamic therapy, PCV = 
polypoidal choroidal vasculopathy, RAP = retinal angiomatous proliferation, tPA = tissue 
plasminogen activator. * Type of CNV cannot be assessed due to large hemorrhage. 

Change of retinal morphology
Table 3.2 presents SD-OCT measurements before and after FMT, up to 5 years 
postoperatively. FCT did not change significantly 1 year after FMT (p = 0.753, 
paired t-test). In the years thereafter, the median foveal center thickness 
decreased over time. The presence of the ELM band on OCT was significantly 
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correlated with a thicker FCT at 1 year (p = 0.033, Pearson correlation test) 
and 2 years postoperatively (p = 0.003). At 1 year postoperatively, the presence 
of IRF was also significantly correlated with a thicker FCT (p = 0.001). IRF was 
frequently observed a year postoperatively (n = 26, 51%), however in only 
three of these cases the FCT exceeded 300µm.  

Time Preoperative 
(n=51)

1yr 
(n=51)

2yrs 
(n=33)

3yrs 
(n=15)

4yrs 
(n=9)

5yrs 
(n=4)

FCT μm, mean (SD) 182 (90) 174 (74) 174 (80) 135 (52) 115 (48) 108 (45)

IRF present, no. (%) 25 (49) 26 (51) 16 (48) 5 (33) 3 (33) 1 (25)

SRF present, no. (%)
thickness μm, mean 
(SD)†

20 (39)
134 (144)

2 (4)
117 (124)

0 (0)
-

0 (0)
-

0 (0)
-

0 (0)
-

SRTC present, no. (%)
thickness μm, mean 
(SD)†

51 (100)
370 (270)

7 (14)
109 (96)

6 (18)
84 (72)

5 (33)
77 (21)

3 (33)
66 (0.3)

2 (50)
72 (20)

Total thickness μm, 
mean (SD) 604 (267) 193 (98) 189 (89) 161 (56) 137 (48) 144 (57)

ELM
Absent, no. (%)
Present < 50%, no. (%)
Present ≥ 50 %, no. (%)

13 (26)
15 (29)
23 (45)

13 (26)
8 (16)
30 (59)

7 (21)
7 (21)
19 (57)

7 (47)
1 (7)
7 (47)

5 (56)
0 (0)
4 (44)

1 (25)
2 (50)
1 (25)

Table 3.2: Change of OCT measurements and ELM before and after full macular translocation. ELM 
= external limiting membrane, FCT = foveal center thickness, IRF = intraretinal fluid, SRF = subretinal 
fluid, SRTC = subretinal tissue complex, TT = total thickness. Paired T-test preoperatively vs 1 year after 
surgery: FCT p-value = 0.753; TT p-value = 0.000. McNemar test ELM preoperatively vs 1 year after 
FMT: p-value = 0.279 † The mean thickness includes only patients in which SRF or SRTC is present.  

Before surgery, SRF was present in 20 patients (39%), and 1 year after FMT it was 
present in only 2 cases (4%). The fluid was caused by an active recurrent CNV at the 
time, and it resolved after anti-VEGF treatment. SRTC was present in all patients 
before surgery ranging from 40 µm to 1372 µm. After surgery, SRTC represented 
CNV recurrence, which was observed in 7 cases (14%). The total thickness, including 
FCT, SRF and SRTC, decreased significantly from a median of 604 µm at baseline to 
193 µm 1 year after FMT (p -, paired t-test). 

The number of patients categorized preoperatively into ELM absent, ELM present < 
50%, and ELM ≥ 50% present, did not change significantly at 1 year after surgery 
compared to baseline (p = 0.279). In 10 eyes (20%) ELM was presented less at 1 
year compared to baseline, in 26 eyes (51%) ELM remained unchanged, and in 15 
eyes (29%) ELM was presented more. Out of the latter 15 patients, ELM was absent 
preoperatively and it became ≥ 50% present at 1 year in 6 cases (Figure 3.2). 
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Figure 3.2 (left page): On top two examples of a healthy macula (left side) and geographic 
atrophy (right side). The arrow heads indicate where the external limiting membrane (ELM) 
stops. Below, there are six patients in which the ELM was not visible within a radius of 500 µm 
around the foveal center (see calliper in each picture) before surgery (left side), and became 
more then 50 % visible in the fovea 1 year after full macular translocation (right side). The arrow 
heads point out the ELM band. In case 1, 2 and 4 the ELM is visible preoperatively only outside 
the 500 µm radius.

Figure 3.3: A: Before surgery. A choroidal neovascularization caused a submacular 
hemorrhage, and the best-corrected visual acuity (BCVA) dropped to 20/80 Snellen. 
Microperimetry showed a small area of sensitivity temporal inferior of the foveal center. The 
vertical OCT B-scan illustrates subretinal hyperreflective material, ie. subretinal tissue complex, 
and a small layer of subretinal fluid. B: One year after full macular translocation. 
BCVA improved to 20/25 Snellen. Fundus autofluorescence (FAF) reveals a hyperfluorescent 
area in the macula. Although the sensitivity in the foveal center seemed to be preserved, there is 
a reduced sensitivity in the hyperreflective area above the fovea. Superior to the hyperfluorescent 
area, the sensitivity was normal. The hyperreflective area on FAF corresponded to reduced 
signal of the outer retinal layers and thinning of the outer nuclear layer, as illustrated on the 
vertical OCT B-scan (arrow heads). The area of the membranectomy is indicated with an 
asterisk. 

The mean distance between the fovea and the area of the membranectomy was 
878 µm (SD = 501) at the first visit after FMT. At 1 year after surgery the mean 
distance decreased significantly to 533 µm (SD = 504) (p -, paired t-test). 

Autofluorescence and outer retinal layers
FAF showed an area of hyperfluorescence after surgery in most patients, which 
corresponded with the shape and size of the preoperative lesion in half of those 
cases. SD-OCT revealed a thinning of the outer retina in the same area, and the 
mean ONL thickness was reduced compared to adjacent areas. As illustrated in 
Figure 3.3, microperimetry showed a reduced sensitivity compared to the 
surrounding normally-fluorescent areas.  
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Correlation between visual function and morphology
A  higher preoperative BCVA was significantly correlated with the following preoperative 
morphologic features: a smaller lesion (r = 0.34, p = 0.018, Pearson correlation test), 
less SRTC (r = 0.49, p-value < 0.001), and presence of ELM (r = -0.39, p = 0.004). 
A year after surgery, a higher BCVA was significantly correlated with absence of the 
SRTC (r = 0.37, p = 0.007), and presence of the ELM (r = -0.57, p -). 

Absence of preoperative IRF was significantly correlated with a better BCVA at 1 
year (r = 0.30, p = 0.030). Out of the lesion features, submacular hemorrhage 
and RPE tear tended to have a better postoperative BCVA (Figure 3.4A). Patients 
with type 1 and mixed type CNV had a better mean postoperative BCVA compared 
to type 2 lesions and fibrotic lesions (Figure 3.4B). Preoperative FCT, SRF, SRTC, 
total thickness, lesion size and vitreomacular interface were not correlated with 
BCVA at 1 year.

Predictive factors
When evaluating all preoperative anatomical features in a linear regression model, 
presence of ELM (OR = -0.30) and mixed type CNV lesion (OR = -0.47) were 
favorable predictors of BCVA at 1 year, while IRF (OR = 0.28), non-responder to 
anti-VEGF (OR = 0.41), and fibrotic lesion (OR = 0.35) were significant unfavorable 
predictors. The adjusted R2 of this model was 0.41 (p -). 

Discussion
FMT provides an unaffected RPE and choroid underneath the macula. In a previous 
study, we demonstrated that FMT can improve the visual function in the majority of 
patients with exudative AMD that are unlikely to benefit from anti-VEGF (van 
Romunde et al. 2015). This is not surprising, as the RPE-choriocapillaris complex 
is known to play a key role in retinal metabolism, including nutrition and elimination 
of waste products. In the present study, we observed a partial recovery of the outer 
retinal structures, suggesting an improvement of the metabolic condition. This 
important finding implies that the retina retains some regenerative properties, 
which can be activated when the homeostatic condition is improved.

The first evident effect of the surgery was the disappearance of  SRF and SRTC and 
the restoration of a normal macular profile, as a consequence of CNV removal. 
This was observed in all patients, except for cases that developed a recurrent CNV. 

The ELM was present in 75% at 1 year after surgery, and in almost a third of the 
patients the ELM was better delineated after surgery then before. It can be 
questioned whether there was a masking effect because of presence of hemorrhage 
and exudates that interfered with a proper preoperative evaluation of the ELM. 
However, the ELM was in fact strongly correlated with visual function, both before 
and after FMT. Many studies in the literature have emphasized the correlation 
between the ELM and visual function. The presence of the ELM was a predictive 
factor for the outcome of anti-VEGF treatment in AMD (Mathew et al. 2013, Polito 
et al. 2016), and surgical repair of retinal detachment and macular hole 
(Wakabayashi et al. 2009, Wakabayashi et al. 2010).
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Figure 3.4: Best-corrected visual acuity (logMAR) at 1 year after full macular translocation 
(FMT) for each indication for surgery (A), and each type of choroidal neovascularization (B). 
PCV = polypoidal choroidal vasculopathy, RPE = retinal pigment epithelium. 

The ELM is formed by the junctional complexes of Müller cells on the inner segment 
of the photoreceptors (Spaide & Curcio 2011). Even if the ELM is not present on 
OCT, in some cases the nucleus of both cells involved in ELM formation may still 
function. Probably, photoreceptor cells and Müller cells have the potential to 
regenerate their distal part when metabolic conditions are suitable, which might 
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justify our finding that the ELM was more represented after FMT than at baseline in 
29% of the eyes. In other cases, absence of the ELM can be a sign of irreversible 
damage of the photoreceptors and/or Müller cells. Obviously, the vision is directly 
affected when the foveal photoreceptors are damaged. The role of Müller cells, 
conversely, has been underestimated for a long time (Reichenbach & Bringmann 
2013). Because these vertically orientated cells are believed to give structural and 
metabolic support to the retina, dysfunction of the Müller cells may result in 
degeneration and thinning of the neural retina. As expected, absence of the ELM 
was significantly associated with a thinner FCT in our study. In addition, Oishi et al. 
(2013) observed that EZ regeneration in AMD patients was possible only if the ELM 
was present. Therefore, it is reasonable to conclude that the  photoreceptors cells 
as well as the adjacent Müller cells are both necessary to make the formation of 
the outer segment of the photoreceptors possible.

In our study, there was a negative correlation between the presence of preoperative 
IRF and the visual outcome 1 year postoperatively. As hypothesized by Freund et 
al. (2010), IRF may be linked to a poor prognosis because of RPE dysfunction and 
disruptions in the tight junctions that contribute to the ELM. Furthermore, we found 
that non-responders to anti-VEGF and patients with a fibrotic lesion were less likely 
to have a favorable visual outcome. Probably, the retina was more damaged 
preoperatively because of longstanding pathology compared to patients with an 
RPE tear or submacular hemorrhage. As we noticed the inferior outcome of fibrotic 
lesions from clinical experience, we became more cautious to offer surgery for this 
indication.  According to our regression model, patients with mixed type CNV had 
the highest probability of a favorable outcome. However, the number of cases with 
mixed type CNV were limited in our case series. Therefore, we cannot exclude that 
this finding was based on chance and clinical relevance may be disputed. Previous 
studies report contradicting results regarding lesion type and predictive value for 
FMT (Abdel-Meguid et al. 2003, Wong et al. 2004).

IRF was present in approximately half of the patients after FMT. Terasaki et al. 
(2003) described cystoid macular edema on FA without funduscopic signs after 
FMT. They postulated that postoperative leakage might be caused by an 
inflammatory reaction caused by invasive surgery as commonly seen after other 
retinal surgery, or that it develops because of the high metabolic demand of the 
extrafoveal RPE to sustain the fovea. In our study, the percentage of patients with 
IRF decreased over time, indicating that it was more likely caused by an inflammatory 
response. The cysts were usually small and we found no correlation between the 
presence of IRF and visual function after surgery.

In accordance with previous studies, we observed a hyperfluorescent area on FAF 
in many patients, corresponding to variable disruption of the outer retinal layers 
and a thinner neural retina on SD-OCT (Bertazzi L et al. 2010, Sawa et al. 2008, 
Chen et al. 2010). Notably, the RPE seemed to be preserved in this area. Although 
patients did not complain of a scotoma, the retinal sensitivity was reduced 
compared to the normally-fluorescent extramacular area. Several explanations for 
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the appearance of the hyperfluorescent area have been suggested (Chen et al. 
2010).  Before surgery, interaction between the CNV and the retina could cause 
accumulation of fluorophores. Increased fluorophores could also be caused by the 
high metabolic demand, as seen in geographic atrophy. Finally, it has been 
suggested that hyperfluorescence is caused by a window effect, as a result of 
thinning of the outer retina: a corresponding reduction of visual pigment may lead 
to an unmasking effect of autofluorescence (Chen et al. 2010, Bertolotto et al. 
2014).

This study has certain limitations. Due to the distance from the hospital, some 
patients had part of their postoperative visits closer to their home. They were 
excluded because of missing data, that may have influenced the patient selection. 
We evaluated many variables on a relatively small patient group, that may lead to 
a biased interpretation of statistical significance. Several variables were omitted 
because of insufficient agreement between the two observers. Preoperative ONL 
and EZ were often difficult to distinguish from fibrosis and exudates because of the 
advanced pathology of AMD in some patients. Whereas ORT and RPD were 
infrequent in our case series, we did not reach a sufficient agreement. Moreover, 
we were unable to evaluate the thickness of the choroid, because patients were not 
routinely assessed with enhanced depth OCT.  

In conclusion, we found that the condition of the retina before surgery is essential 
for a positive outcome of FMT. Notably, the ELM seemed to play a crucial role 
predicting the possibility of visual improvement after surgery. These findings can 
give us valuable insight into the recovery potential of the retina affected by exudative 
AMD, especially with regard to upcoming therapies such as RPE and/or retinal 
progenitors transplantation. 
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Abstract
Purpose: to investigate the long-term outcome of autologous retinal pigment 
epithelium (RPE) – choroid transplantation with a peripheral retinotomy for 
exudative age-related macular degeneration (AMD). 

Methods: in a retrospective study, we selected all patients that underwent an RPE-
choroid transplantation from 2007 through 2013. Exclusion criteria were age <60 
years, <12 months of follow-up and RPE-choroid graft for other diseases than 
AMD. The main outcome measure was best corrected visual acuity (BCVA) 
converted into logMAR. 

Results: in this study 81 patients were included with a mean follow-up of 38 months 
(SD = 19). Median BCVA improved from 1.30 logMAR (20/400 Snellen) to 0.90 
logMAR (20/160 Snellen) 1 year after surgery (p < 0.001). A ≥3-line gain was 
achieved in 43 patients (53%) 1 year postoperatively, and 37 patients (46%) 
preserved their visual gain until last visit. Out of 4 patients with an 8-year follow-
up, 3 patients had a ≥6-line gain at last visit. Severe complications were submacular 
hemorrhage (n = 8, 10%), macular hole (n = 6, 7%) and proliferative 
vitreoretinopathy (n = 3, 4%).

Conclusion: BCVA improved significantly after RPE-choroid transplantation in AMD 
patients, and preservation of visual gain was possible in the long term. 
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Introduction
Exudative age-related macular degeneration (AMD) is a common eye disease in 
elderly that progresses rapidly to severe central visual loss if left untreated.1 
Nowadays, the primary treatment is anti-vascular endothelial growth factor (anti-
VEGF), since it has been demonstrated to restore visual function in the majority of 
cases with a low complication rate2. 

Surgical treatment, which is more invasive, can therefore only be considered in 
eyes that are unlikely to benefit from anti-VEGF, that is, in cases of losing vision 
despite anti-VEGF therapy, RPE tear, subretinal hemorrhage or subfoveal fibrosis.3-6

Autologous full thickness RPE-choroid graft is a surgical treatment for exudative 
AMD, in which an RPE-choroid graft is harvested from the midperiphery and 
inserted underneath the fovea through a parafoveal retinomy.7 Long-term results 
are modest, but in selected cases visual function can be restored and maintained 
up to 7 years postoperatively.8 A variation of the surgery, as performed in our 
department, uses a semi-circular peripheral retinotomy at the ora serrata instead 
of the parafoveal retinotomy. The advantage of avoiding the large retinotomy at 
the harvesting site is that there is less risk of proliferative vitreoretinopathy (PVR). 
Moreover, a peripheral retinotomy allows for better access and less manipulation 
of the graft and the retina.9, 10 As there is a significant correlation between 
manipulation of the graft during surgery and the postoperative outcome, we expect 
better results from this approach.11 The results of this technique thus far have been 
described in few articles with a relatively small number of patients (n = 4-13) and 
short follow-up (11-20 months).9, 10, 12 

The aim of this study is to describe the long-term functional and anatomical 
outcome of the transplantation of an autologous RPE-choroid graft obtained 
through a peripheral retinotomy in patients with neovascular AMD. 

Methods
This was a single-center retrospective study of interventional, consecutive, 
uncontrolled cases. The institutional review board approved the study before data 
collection. The study has been carried out in accordance with the Declaration of 
Helsinki. 

Patients
From 2007 through 2013, 109 patients underwent RPE-choroid graft transplantation 
in the Hospital Sacro Cuore – Don Calabria. This surgery was offered to patients 
with (1) loss of vision caused by active CNV despite 3 or more anti-VEGF injections 
(on average 6.5 injections of either ranibizumab, bevacizumab, or both; aflibercept 
was not available at our hospital until 2013), (2) an RPE tear, (3) a large submacular 
hemorrhage or 4) subfoveal fibrosis of recent onset. The last condition was defined 
as a fibrotic evolution of the CNV without atrophy of the outer retinal layers on 
spectral domain optical coherence tomography (SD-OCT) images. Before SD-
OCT was available in our hospital, the evaluation was based on clinical 
observations: absence of funduscopic atrophy, absence of chronic fibrosis, and 
reading ability up to three months beforehand. These observations were used as 
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empirical evidence that the retinal damage was of recent onset and, therefore, at 
least partially reversible. However, in recent years we evaluated the status of outer 
retinal layers on SD-OCT and decided to include only eyes with detectable foveal 
external limiting membrane (ELM). In all patients with a submacular hemorrhage, 
hemorrhage displacement was attempted with gas and tissue plasminogen 
activator (tPA) before considering submacular surgery, unless there was a vitreous 
hemorrhage or the hemorrhage extended further than the vascular arcades. 
Exclusion criteria for this study were (1) RPE-choroid transplantation for diseases 
other than AMD, (2) patients younger than 60 years, and (3) a follow-up of less 
than 12 months. Informed consent was obtained after the patients were made fully 
aware of the risks and benefits of the surgery. Best-corrected visual acuity (BCVA) 
and fundus examination were assessed before surgery. Imaging with 
autofluorescence, fluorescein angiogram (FA), indocyanine green angiography 
(ICGA), and, when available (since August 2008), SD OCT (Spectralis HRA+OCT, 
Heidelberg Engineering, Germany) were obtained preoperatively. 

Surgical procedure
The surgical procedure has been described previously.9 (See also video in Appendix 
1). Since 2012 we performed scraping of the Bruch’s membrane when no signs of 
vascularization were present 4-6 weeks after surgery. Scraping of the Bruch’s 
membrane, previously described by Caramoy et al.13, was performed with a 
subretinal spatula that was inserted through a small retinotomy at about 1-2 disk 
diameters temporal to the edge of the graft at the time of silicone oil removal. The 
aim of the procedure was to create a gap in the Bruch’s membrane at the edge of 
the patch of choroid in order to promote ingrowth of blood vessels from the 
underlying choroid into the graft.

Outcome measures
Demographics, clinical data, and images were reviewed from all patient files. All 
patients were assessed 1 month postoperatively with FA and ICGA to ascertain 
whether revascularization had been established. Other regular visits with SD-OCT 
assessment were scheduled at 1 week after surgery, 1 month after silicone oil 
removal, at 3, 6, and 12 months after surgery, and every year thereafter. Some 
patients preferred to have part of their follow-up taken place by an ophthalmologist 
closer to their residence. In order to minimize missing data, we contacted patients 
and asked for the medical records of their follow-up visits elsewhere. 

The primary outcome measure was the distance BCVA assessed with the Early 
Treatment Diabetic Retinopathy Study (ETDRS) chart, converted into logarithm of 
minimal angle of resolution (logMAR) for analysis. Secondary outcome measures 
were intraoperative and postoperative complication rates and reading ability. 
Reading ability was assessed with the MNRead logarithmic charts using continuous 
texts with different sizes, ranging from 6 to 48 front size. A patient was considered 
to be able to read the newspaper print when he or she could read a print size 9 
text at a distance of 30 centimeters without low vision aids. 

Statistics
SPSS version 23 for Windows (IBM corp, Armonk, NY) was used for analyzing the 
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data. Difference in BCVA was analyzed with a 2-sided Wilcoxon signed-rank test. 
McNemar test was used to compare the distribution of patients that were able to 
read before and after surgery. Effect sizes were reported as r for continuous 
variables and odds ratios (OR) for categorical variables. A P-value <0.05 was 
considered statistically significant.

Results
Twenty-eight patients were excluded because of follow-up less than 12 months (n 
= 15), age younger than 60 years old (n = 7), and RPE-choroid graft transplantation 
for diseases other than AMD (n = 6). Eighty-one eyes of 81 patients were included 
in this study (Table 4.1). The median size of the transplanted graft was 16 mm2 
(range 5 - 41 mm2). 

No. of patients 81
Mean duration of follow-up, mos (SD) 38 (19)
Mean age, yrs (SD) 73 (6)
Male subjects, no. (%) 29 (36)
Right eye, no. (%) 40 (49)
Previous treatment

• None
• Anti-VEGF

o Ranibizumab
o Bevacizumab
o Ranibizumab+Bevacizumab
o Aflibercept
o Unknown

• PDT
• IVT
• Laser
• SF6 gas + tPA
• Vitrectomy

16 
59 
31
13
9
1
5
5 
6 
3 
7
2 

Indication for surgery
• Hemorrhage
• Non-responder
• Fibrosis
• RPE tear

35 (43%)
21 (26%) 
13 (16%)
12 (15%)

Median BCVA at baseline (minimum – maximum), 
logMAR

1.30  
(0.3-2.3)

Table 4.1: Patient characteristics and demographics at baseline. Anti-VEGF = anti-vascular 
endothelial growth factor, BCVA = best-corrected visual acuity, IVT = intravitreal 
triamcinolone, PDT = photodynamic therapy, RPE = retinal pigment epithelium, SD = 
standard deviation, tPA = tissue plasminogen activator.

Distance best-corrected visual acuity
One year after surgery median BCVA improved significantly from 1.30 logMAR 
(20/400 Snellen) to 0.90 logMAR (20/160 Snellen) (p <0.001, r = -0.30). Two 
years after surgery median BCVA of 1.00 logMAR (20/200 Snellen) remained 
significantly improved compared to baseline BCVA (p = 0.005, r = -0,23). The 

C
hapter 4: RPE-choroid transplantation w

ith a peripheral retinotom
y: long-term

 results



72

number of patients that gained ≥ 5 letters at 1 year after surgery was 31 (89%) in 
the hemorrhage group, 7 (58%) in the RPE tear group, 10 (48%) in the non-
responder group, and 6 (46%) in the fibrosis group.  In total, a ≥3-line gain was 
observed in 43 patients (53%) 1 year after surgery, and 37 patients (46%) preserved 
their visual gain until last visit (Table 4.2). Out of the 4 patients with a follow-up of 
8 years, 3 patients had a ≥ 6-line gain at last visit compared to preoperative BCVA 
and 1 patient remained stable. 

Baseline 1 year Last visit
≥3 lines gain, no. (%) - 43 (53) 37 (46)
≤2 lines change, no. (%) - 24 (30) 19 (23)
≥3 lines loss, no. (%) - 14 (17) 25 (31)
Able to read newspaper, no. (%) 5 (6)* 18 (22)* 15 (19)
Able to read, no. (%) 42 (52) 52 (64) 53 (65)
Unable to read, no. (%) 39 (48) 29 (36) 28 (35)

Table 4.2: Change of best-corrected visual acuity and reading ability 1 year after retinal 
pigment epithelium – choroid graft transplantation and at last visit. *McNemar test: number 
of patients able to read the newspaper at baseline vs number of patient able to read the 
newspaper at 1 year: P < 0.001.

In most of the patients with a BCVA of ≥ 20/40 we observed that the ELM and 
ellipsoid zone were present on SD-OCT. In these cases, microperimetry, whenever 
available, clearly demonstrated stable foveal fixation over the graft (Figure 4.1).
  

Reading ability
Before surgery 42 patients (52%) were able to read font size 48 and 5 patients (6%) 
were able to read the newspaper print without low vision aids (Table 4.2). In these 
5 cases surgery was performed because of a rapidly decreasing distance BCVA 
and increasing metamorphopsia due to persistent disease activity or RPE tear 
despite repeated anti-VEGF injections. One year after surgery 52 patients (64%) 
were able to read font size 48 and 18 patients (22%) were able to read the 
newspaper print. The number of patients that could read the newspaper increased 
significantly after surgery (p <0.001, OR = 4.3). Other patients could read with 
low vision aids.

Complications
Table 4.3 presents the postoperative complications that occurred after RPE-choroid 
transplantation in our study group. 

Early postoperative submacular hemorrhage occurred in 8 patients (10%), 
presumably originating from the choroidal vasculature of the harvesting site. 
Initially we waited for spontaneous resolution, but given the poor natural prognosis, 
surgery was performed with early silicone oil removal and SF6 gas injection after 
3-4 weeks in 3 patients. A macular hole was observed in 6 patients (7%).
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Figure 4.1: Three cases of regeneration of the outer retinal layers at last visit compared to 
postoperative Spectral-Domain optical coherence tomography (SD-OCT). Patient 1 (A-B): 
Best-corrected visual acuity (BCVA) at 1 month after surgery was 20/125 Snellen. External 
limiting membrane (ELM) is hardly detectable, and ellipsoid zone (EZ) seems absent (A). At 
3 years postoperatively, ELM and EZ are visible and the outer nuclear layer seemed to 
increase in thickness (B). BCVA improved to 20/25 Snellen. Patient 2 (C-D): Six weeks after 
surgery, the retina and choroid seemed thin with no visible blood vessels in the graft which 
indicates that there is a lack of perfusion (C). BCVA at the time was 20/80 Snellen. Scraping 
of the Bruch’s membrane was performed thereafter. At last visit, 3 years postoperatively, we 
observed a thick choroid and retina, and ELM appeared on SD-OCT (D). BCVA improved 
to 20/32 Snellen. Patient 3 (E-I): Four days after RPE-choroid transplantation, BCVA was 
20/200 Snellen, and SD-OCT showed a thin retina with absence of the ELM and EZ (E). At 
last visit, 6 years postoperatively, we observed a well-defined ELM and EZ (F). BCVA 
improved to 20/20 Snellen. Fundus picture, microperimetry and OCT angiography at last 
visit show that the graft is well centered (G), there is a good visual function of the graft (H), 
and the choriocapillaris of the graft is well perfused (I). 
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Complication
No. of patients with 
complication (% of 
total, n = 81)

Treatment of complication 
(no. of patients treated)

Cystoid macular edema 24 (30)
None (11)
Corticosteroid (4)
NSAID (5)

Foveal RPE Atrophy 18 (22) -

Atrophy of neural retina in 
the fovea 12 (15) -

Delayed revascularization 10 (12)
None (4)
Scratching Bruch membrane 
(6)

Submacular hemorrhage 8 (10)
None (5)
SF6 (2)
Vitrectomy (1)

Epiretinal membrane 8 (10) None (5)
Peeling (3)

Macular hole 6 (7)
None (2)
Peeling ILM + SF6 (3)
Inverted flap (1)

CNV recurrence in the fovea 6 (7)
None (1)
Anti-VEGF (2)
Anti-VEGF+PDT (3)

Retinal detachment without 
PVR 6 (7) Vitrectomy (6)

Retinal detachment with PVR 3 (4) Vitrectomy (3)

Table 4.3: Complications after etinal pigment epithelium – choroid transplantation. CNV = 
choroid neovascularization, ILM = internal limiting membrane, NSAID = non-steroid anti-
inflammatory drugs, PDT = photodynamic therapy, PVR = proliferative vitreoretinopathy, 
RPE = retinal pigment epithelial, VEGF inhibitor = vascular endothelial growth factor 
inhibitor. 

Two patients refused surgery. Surgical intervention was performed in 4 patients 
and in all cases the hole was closed successfully. A shallow inferior detachment 
occurred in 6 patients (7%) due to incomplete adhesion of the edge of the 
retinotomy to the underlying RPE. Three patients (4%) developed an inferior 



74 75

retinal detachment with PVR. In 10 patients (12%) there was no vascularization 1 
month after surgery. Six patients underwent scraping of the Bruch’s membrane 
and in all cases revascularization was detected as early as 1 week after the 
procedure (Figure 4.2). In 4 patients scraping was not considered because they 
were operated before 2012. Among these patients, 3 cases developed 
spontaneous reperfusion after the first month, and 1 case remained non-
perfused. The presence of some cysts in the macula was common (n = 24, 30%), 
and often it did not seem to affect the visual acuity significantly. In most cases 
CME was probably caused by an inflammatory response (n = 10), which 
generally was self-limiting, or responded well to topical medication. Small, self-
limiting neovascularizations on the border of the graft was not an unusual 
observation on postoperative FA and ICGA (n = 17, 21%). Only in 6 cases (7%) 
did it affect the macula with a consequent impact on the visual acuity. Atrophy of 
RPE or neurosensory retina in the fovea occurred in 18 and 12 patients (22% and 
15%), respectively. Generally, RPE atrophy progressed slowly over time and 
involved the macula years after surgery. 
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Figure 4.2: Early indocyanine 
green angiography (ICGA) 
(Top left) and late ICGA (Top 
right) showed no 
vascularization 2 months after 
retinal pigment epithelium – 
choroid transplantation and 
best-corrected visual acuity 
(BCVA) was 20/400 Snellen. 
One month after scraping of 
the Bruch’s membrane initial 
revascularization of the graft 
was visible on ICGA (Center) 
and BCVA improved to 
20/200 Snellen. At ten 
months postoperatively BCVA 
improved further to 20/40 
Snellen and ICGA showed 
complete vascularization 
(Bottom).
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Discussion
In our study, a group of patients affected by exudative AMD that were unlikely to 
benefit from additional anti-VEGF therapy, had a clinically and statistically 
significant improvement of BCVA after a transplantation of a autologous RPE 
and choroid. Most of the patients gained at least 3 lines at 1 year and 45% 
preserved this visual gain until the last visit. Out of the 4 patients with a follow-up 
of 8 years, 3 patients maintained a visual gain of at least 6 lines at last visit. This 
confirms that the transplantation of a graft of healthy RPE and choroid can lead 
to restoration of visual function in selected cases, and that this can be maintained 
in the long term. The ability to read the newspaper print increased significantly 
after surgery. Improvement in near vision represents a major contribution to the 
quality of life and independency of elderly patients with exudative AMD. 

In all the four indication groups the patients had clinically relevant visual gain 
(range 46%-89%). The groups that benefited most were patients with submacular 
hemorrhage and RPE tear. The group with submacular hemorrhage had a low 
BCVA at baseline due to the presence of blood, and its removal during surgery 
could promote the significant improvement in BCVA. Patients with an RPE tear 
were operated relatively early, when the neural retina was likely to be less 
damaged at the time of surgery, compared to the group of patients defined as 
non-responders or with subfoveal fibrosis. This highlights the importance of the 
condition of the outer retina layers at baseline.  
It is also particularly interesting to study the evolution of the graft. As we transplant 
a free graft of choroid, the normal blood circulation is interrupted, and an 
anastomosis between the choroidal vessels underlying the graft and the graft itself 
is necessary to restore blood perfusion. An intact Bruch’s membrane may prevent 
the penetration of the choroidal vasculature into the graft, which is needed for the 
reperfusion. Caramoy et al. also hypothesized that the fibrosis surrounding the 
graft may block revascularization.13 It has been suggested that a delay of 
revascularization may influence the visual outcome.14 Consequently, we decided to 
perform silicone oil removal and scraping of the Bruch’s membrane in patients 
without signs of revascularization 4 weeks postoperatively. In all patients that 
underwent Bruch’s membrane scraping, revascularization was detected 1 week 
after scraping. Notably, BCVA started improving only after reperfusion of the graft 
was obtained. Concurrently, the retinal thickness increased and the outer retinal 
layers were better defined on SD-OCT. This suggests that a healthy and perfused 
choriocapillaris is critical for the metabolism of the outer retina. Theoretically, 
scraping of the Bruch’s membrane could promote neovascular proliferation at the 
edge of the graft. This phenomenon was not observed in our patients, probably 
because scraping was performed underneath the graft. Therefore, the area of 
interruption of the Bruch’s membrane was not in contact with the subretinal space.

RPE atrophy of the graft involving the macula occurred in 22% of our patients. 
McLaren et al15 found a loss of autofluorence and absence of outer retinal layers 
in patients 5 to 6 years after an RPE-choroid graft. As suggested by the authors, it 
can be questioned whether atrophy of RPE and neural retina is in fact a complication 
of the surgery, or if it would rather be a continuation of the natural disease process. 
Late onset of atrophy in some cases supports the theory that atrophy was not 
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induced by surgical trauma. It has also been suggested that eccentric RPE might 
not be able to sustain the high metabolic demands of the fovea, although Eckardt 
and Eckardt16 observed early recurrence of geographic atrophy in paramacular 
RPE after full macular translocation (FMT). This finding suggests that the diseased 
retina may promote RPE atrophy, rather than that peripheral RPE is unable to cope 
with foveal demands.  

Our results compare favorable to the outcome of RPE-choroid transplantation 
through a parafoveal retinotomy. Two small case studies with 10-11 participants 
found a moderate mean gain after this surgery.17, 18 Larger studies with 45-130 
participants found a slight mean or median visual decline after surgery.8, 19 
Contrastingly, our results demonstrated a significant gain of BCVA after surgery. 
Important complications that affected the distance and near visual acuity were 
submacular hemorrhage, macular hole and PVR. The rate of PVR was relatively 
low in our study (4%) compared to previously reported series (10-31%). The rate of 
other complications such as macular hole, CME, and ERM were higher than the 
complications reported by van Zeeburg et al.8 As our patients were assessed with 
SD-OCT, which allows detailed visualization of the retinal layers, the sensitivity of 
this instrument could play a role in detecting mild disorders. 

As former results using the parafoveal retinotomy were modest, several authors 
suggested that a refinement of the surgical technique was necessary.7, 11 Using a 
peripheral retinotomy to access the subretinal space offers a number of advantages. 
The retina can be carefully separated from the CNV with less risk of damaging the 
fovea and thereby avoiding the risk of an iatrogenic macular hole during surgery 
as described by Joussen et al.19 Cases of macular hole in our study, contrarily, 
developed in the postoperative phase, supposedly as a result of tangential traction 
due to wrinkled surface of the graft. Intraoperative hemorrhage, that accounted as 
an intraoperative complication in 22% of the cases in the study of Joussen et al19, 
could be controlled with diathermy. The same authors suggested that small grafts 
carry a higher risk to be overgrown by fibrosis and lose their function. We observed 
quite often small RPE defects at the edges of the graft where it was grasped to be 
dragged to the right position. If a graft is small or not well centered, these atrophic 
changes may affect the central vision. Therefore, a major advantage of the 
peripheral retinotomy is that it allows complete access to the subretinal space, the 
usage of a larger graft, to control a hemorrhage, and to properly center the graft 
in the macular area. Finally, the fact that the graft is not forced through a small 
retinotomy, may reduce RPE trauma.   

There have been two variants of the choroidal transplantation: one that uses a 
graft with half the thickness of the choroid, and the other that uses just a single 
sheet of RPE cells.20  Lu et al. reported that both types of transplantation obtain 
comparable results, and the functional outcome is significantly better than CNV 
removal alone. It is quite surprising that an RPE monolayer alone can provide 
sufficient sustenance for the outer retina, since the choriocapillaris was found to 
play a crucial role in the photoreceptors’ metabolism.21 The case selection of this 
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Chinese study may provide a possible explanation: more than 50% of the eyes had 
a large subretinal hemorrhage that may be correlated with polypoidal choroidal 
vasculopathy (PCV), which has a high incidence in the Asian population.22 Some 
patients might have suffered from a subfoveal hemorrhagic RPE detachment due 
to an extrafoveal PCV without involvement of the central choriocapillaris. In such 
cases, the replacement of the RPE monolayer alone may be enough to support the 
metabolic needs of the fovea as the underlying choriocapillaris was not damaged.  
Nevertheless, additional investigation will be necessary to assess if the 
transplantation of an RPE sheet without choriocapillaris is enough to improve visual 
function after CNV removal.

Another surgical option for exudative AMD is FMT.23, 24 It has been demonstrated 
to improve BCVA significantly up to 5 years after surgery. The disadvantage of FMT 
is that its application is limited to second eyes with healthy extrafoveal RPE.

This is a retrospective single center study that does not include a control group. 
Therefore, results are more prone to bias and confounding. These results cannot 
be generalized and we cannot draw any conclusive evidence about the effectiveness 
of the treatment. Moreover, there was a loss to follow-up of 14% within the first 
year, despite our effort to contact those patients. Reason for lost to follow-up could 
be related to the visual outcome, but more likely reasons are comorbidities or 
death in this elderly population. 

Nevertheless, this study can shed some light on the role of the restoration of a 
healthy subretinal environment in exudative AMD. We hope that in the near future 
the diseased RPE-choroicapillaris can be replaced by a transplantable sheet 
derived from stem cells. This could be a less complicated procedure to improve the 
functional prognosis of AMD patients that do not benefit from anti-VEGF therapy. 
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Destructive inflammatory reaction after an autologous retinal 
pigment epithelium and choroid transplantation: no detection of 
an auto-immune response.
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Schreurs, Jan C van Meurs
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Abstract
Purpose: Five patients who underwent uncomplicated retinal pigment epithelium 
(RPE)-choroid transplantation for neovascular age-related macular degeneration 
developed a destructive inflammatory reaction causing subretinal fluid accumulation 
and extensive RPE atrophy in the graft. We hypothesized that this inflammation 
could be caused by an auto-immune response against the graft, resulting in 
circulating auto-antibodies. The aim of our study was to examine a potential 
autoimmune origin, which would allow a more targeted therapy approach.

Methods: Five above-mentioned patients and four control groups of five patients 
each were included: 1) after uncomplicated RPE-choroid transplantation, 2) after 
full macular translocation, 3) treated with anti-vascular endothelial growth factor,  
and 4) healthy controls. Histopathology of rejected graft tissue was performed 
using standard procedures. Presence of RPE-choroid autoantibodies in serum was 
examined by indirect immunofluorescence and Western blot, and human leukocyte 
antigen (HLA) typing was performed. 

Results: Histopathological examination of an explanted graft showed infiltration of 
T-lymphocytes and macrophages in the choroid and RPE, and an increased number 
of B-cell lymphocytes were found in the choroid. Indirect immunofluorescence 
showed weak RPE-choroid autoantibody immunoreactivity in three patients of 
different groups. Western blot did not show specific RPE-choroid autoantibody 
immunoreactivity and no difference of HLA genotypes between the groups was 
found. 

Conclusions: Although local mononuclear inflammatory cell infiltration and a high 
number of B-lymphocytes were observed in an explanted graft, we did not detect 
serological evidence of an autoimmune origin of the postoperative inflammation 
using direct immunofluorescence and Western Blot. Alternatively, the graft failure 
may have been caused by local innate inflammation, triggered by breakdown of 
tolerance. Based on our current findings of this small study group, we have no 
rationale to pursue therapies targeted towards autoreactive graft failure. More 
research is needed to confirm our findings. 
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Introduction
Neovascular age-related macular degeneration (AMD) is a common eye disease 
in the elderly population that is usually treated with intraocular injections of anti-
vascular endothelial growth factor (anti-VEGF).1 Sometimes anti-VEGF is less 
effective, for example in case of a retinal pigment epithelial (RPE) tear, a large 
subretinal hemorrhage, or subretinal fibrosis. In these patients, surgery can be an 
alternative treatment option. In RPE-choroid transplantation and full macular 
translocation (FMT), the choroidal neovascularization (CNV) is surgically removed 
and the macula is provided with extrafoveal RPE in two different ways. Specifically, 
in RPE-choroid transplantation, a sheet of RPE and choriocapillaris is transplanted 
from the midperiphery to the macula, while in FMT the fovea is rotated to an 
extrafoveal area after counterrotation of the globe.2,3

In the Rotterdam Eye Hospital (REH) and Ospedale Sacro Cuore (OSC) RPE-
choroid transplantation for AMD has been performed in more than 400 patients.3,4 
An unusual postoperative course occurred several months after uncomplicated 
surgery in five patients, which was characterized by accumulation of subretinal 
fluid (SRF), development of hyperreflective spots (HRS) and diffuse RPE atrophy, 
suggesting a destructive inflammatory reaction. 

The eye is unique in its ways to suppress inflammation. Several passive and active 
systems include the blood-retinal barrier, production of immunomodulatory 
cytokines, and suppression by regulatory T-cells.5 Possibly, these systems were 
disrupted due to surgical stress or ischemic injury. According to the ‘danger theory’, 
distressed or injured cells can evoke an inflammatory response via damage-
associated molecular patterns (DAMPs), activating a T-cell response.6 We 
hypothesize that in the patients with the indicated inflammatory reaction after 
surgery, the transplanted RPE cells were recognized as ‘dangerous’ by antigen 
presenting cells, leading to the activation of an adaptive autoreactive T-cell 
response, and subsequent a B-cell mediated autoimmune response, illustrated by 
production of autoantibodies and eventually degradation of the graft. 

Autoimmunity in several diseases is associated with certain human leukocyte 
antigen (HLA) genotypes, for example HLA-DR15 and multiple sclerosis.7 Similarly, 
there could be an HLA predisposition in patients with the postoperative inflammation 
after RPE-choroid transplantation when its origin would be autoimmune. 

The aim of this study was to investigate the potential role of an adaptive autoimmune 
response in the five patients that developed the inflammatory reaction after RPE-
choroid transplantation, by identifying the presence of RPE-choroid reactive 
autoantibodies and evaluating a possible HLA-based genetic predisposition. An 
auto-immune mechanism would allow us to target specific actors in the autoimmune 
response, e.g. with monoclonal antibody therapy.

Materials and methods
This case-control study was conducted according to the Declaration of Helsinki 
and the Good Clinical Practice guidelines. The study was approved by the local 
ethical committee (trial number: NL72704.078.20). 
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Patients
Five patients that developed SRF, HRS, and diffuse RPE atrophy after uncomplicated 
RPE-choroid transplantation were included at the REH (Rotterdam, the Netherlands), 
or OSC (Negrar (Verona), Italy). Considering that presence of auto-antibodies has 
been described previously in AMD patients and even after laser photocoagulation8,9 
four control groups were included each consisting of five patients: 1) patients that 
underwent uncomplicated RPE-choroid transplantation, 2) patients that underwent 
uncomplicated FMT, 3) AMD patients treated with anti-VEGF injections, and 4) 
healthy age-matched controls. Exclusion criteria were a history of uveitis, diabetic 
retinopathy, or a systemic autoimmune disease. 

Data collection
Retrospectively, the following data were collected from medical files of the included 
patients with the inflammatory reaction: demographics, ophthalmic history, general 
history, indication for surgery, intra- and postoperative complications, and best-
corrected visual acuity (BCVA) before surgery, after surgery and at last visit. Spectral 
Domain – optical coherence tomography (SD-OCT) images, fundus photography, 
fluoresceine angiography images and fundus autofluorescence (FAF) were 
collected. From the subjects of the control groups, demographics, ocular history 
and general history were reported. After informed consent was obtained, peripheral 
blood was collected providing both serum, and mononuclear cell samples for 
laboratory tests. The samples were stored at a temperature of -80˚C until analyses. 

Histopathology
In one patient the RPE-choroid graft was explanted because of a recurrent 
submacular hemorrhage and histopathologic examination was performed. The 
choroidal explant tissue was fixated in neutral buffered-formalin 10% and after 
processing, the formalin fixed paraffin embedded block was cut at 4 µm sections 
which were mounted on slides for histochemical and immunohistochemical 
staining. Routine staining protocols were used for standard haematoxylin and 
eosin staining using an automated staining system (HE600, Ventana Medical 
Systems, Tucsen, AZ, USA). Immunohistochemistry was performed with an 
automated, validated and accredited staining system (Ventana Benchmark ULTRA, 
Ventana Medical Systems, Tucsen, AZ, USA) using ultraview universal DAB detection 
kit. In brief, following deparaffinisation and heat-induced antigen retrieval, the 
tissue samples were incubated according to their optimized time with the antibody 
of interest. Incubation was followed by haematoxylin II counter stain for 8 minutes 
and then a blue coloring reagent for 8 minutes according to the manufacturer’s 
instructions (Ventana). Tonsil tissue was used as a positive control for all antibodies.

Indirect immunofluorescence
Serum anti-RPE-choroid antibodies and anti-retinal antibodies were determined as 
described previously, with slight optimization of the protocol.10 In short, biochip 
primate retinal slides (Euroimmun, Lübeck, Germany) were incubated with patients’ 
serum for 30 minutes at room temperature (RT) (dilution 1:100). After incubation, 
the slides were washed with phosphate-buffered saline (PBS) for 15 minutes and 
incubated with goat anti-human IgG Cy5 (ab97172; Abcam, Cambridge, UK) for 
30 minutes at RT. Tissue slides were washed again with PBS for 15 minutes, 
embedded in glycerol and covered with a coverslip. Slides were analysed and 
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photographed using an Axioplan2 fluorescence microscope with AxioCam MRm at 
160x magnification and an exposure time of 6 seconds (Zeiss, Thornwood, NY, 
USA). In case of a weak result the procedure was repeated with a serum dilution 
1:50 and 1:25. PBS and serum negative for anti-nuclear antibodies (ANA) were 
used as negative references. Recombinant rabbit anti-RPE65 antibody (ab231782; 
dilution 1:250; Abcam, Cambridge, UK), recombinant anti-collagen type 1 
(ab138492; dilution 1:500; Abcam, Cambridge, UK), and serum of an anti-retinal 
antibody positive, and ANA-positive subject (dilution 1:100) were used as positive 
references. 

Western Blot protein extracts
Human RPE and choroid tissue extracts for Western blot were prepared as described 
previously, implementing slight changes in the protocol.11 RPE and choroid were 
obtained from a healthy donor eye post-mortem. After careful removal of the 
retina, RPE and choroid were dissected and subsequently homogenized in RIPA 
buffer with Halt protease inhibitor cocktail (Thermo Fisher Scientific, Waltham, 
USA) for 30 minutes. After homogenization the samples were centrifuged at 
17000G at 4˚C for 15 minutes, the supernatants were separated, and protein 
yield was assessed by colorimetric Bradford assay. In addition to the human donor 
RPE-choroid protein extract, an RPE cell line was used to provide an RPE protein 
extract.12 ARPE-19 cells were cultured in culture flasks in DME/F (HyClone, Logan, 
UT) containing 10% fetal calf serum, and 1% penicillin/streptomycin. Two times 
(72h and 24h before the harvest) 50µg/ml ascorbic acid and 200µM L-Proline 
were added to the cell culture, and thrombin (5U/ml) was added 48h before the 
harvest. Confluent grown ARPE19 cells were harvested and subsequently 
homogenized in cold RIPA buffer with Halt protease inhibitor cocktail (Thermo 
Fisher Scientific, Waltham, USA). After homogenization, the samples were 
centrifuged at 17000G at 4˚C for 15 minutes, the supernatants were separated, 
and protein yield was assessed by colorimetric Bradford assay. Extracts were stored 
at a temperature of -80˚C until further use.

Western blot procedure
Protein extract were diluted in RIPA buffer, with 4x Laemmli sample buffer (Bio-rad, 
Hercules, California, USA), and incubated at 95˚C for 5 minutes. The lysate was 
loaded on 4-12% mini-PROTEAN TGX Stain-Free Precast Gels (Bio-rad, Hercules, 
California, USA), and transferred to nitrocellulose membranes. Membranes were 
blocked with trix-buffered saline (TBS) containing 3% bovine serum albumine 
(BSA), and subsequently incubated with diluted samples (serum 1:100 TBS-Tween 
0,1% containing 3% BSA, other antibodies as mentioned) for 1 hour at RT. 
Membranes were washed multiple times using an automated laboratory workstation 
(auto-LIA 48; Fujirebio, Japan), and incubated with goat anti-rabbit IgG (IRDye 
680; dilution 1:4000; Licor, Lincoln, NE, USA), or goat anti-Human IgG (IRDye 
680; dilution 1:15000; Licor, Lincoln, NE, USA) for 30 minutes. Visualization was 
performed with the imaging system Odyssey CLx (Thermo Fisher Scientific, 
Waltham, USA). Recombinant rabbit anti-RPE65 antibody, anti-recoverin antibody, 
and recombinant anti-collagen type I antibody were used as references.

C
hapter 5: Rejection-like reaction after RPE-choroid transplantation



88

Human leukocyte antigen typing
DNA was collected from whole blood using a QIAamp DNA Blood Mini kit, or 
using PAXgene blood tubes and a PAXgene Blood DNA Kit (Qiagen, Hilden, 
Germany), following manufacturer protocol. HLA class I and II typing was 
performed on all samples except for the five healthy participants. The procedure 
was performed as described by van Sonderen et al.13 The HLA type of the study 
subjects was compared to the frequency in 5604 Dutch healthy blood donors.13

Statistical analyses
Because of the small number of patients, and the explorative nature of the study, 
no statistical analyses was performed. The data have been evaluated descriptively. 

Results
The demographics and ocular history of the five patients that developed an 
inflammatory reaction after RPE-choroid transplantation are shown in Table 5.1. 
None of the patients had a history of uveitis, or systemic autoimmune disease. 
Patient 1-3 were operated at REH and patient 4 and 5 were operated at OSC. On 
ophthalmic examination, there were no cells in the anterior or posterior segment. 

Pt. Sex Age Eye Ocular history Indication 
for surgery

On- 
set*

BCVA 
preop

BCVA 
postop

BCVA 
inflam-
mation

Blood 
withdrawal** 

1 M 92 OS None RPE tear 3 20/200 20/40 20/63 15 & 42

2 F 84 OD

Submacular 
hemorrhage 
treated with 
vitrectomy, gas 
and r-tPA

RPE tear 8 20/125 20/125 20/200 13 & 37

3 F 86 OS Glaucoma, phaco RPE tear 5 20/100 20/100 20/200 0 & 24

4 M 71 OD

Glaucoma treated 
with Baerveldt 
implant, anti-
VEGF 

Fibrotic 
scar 2 20/40 20/40 20/1250 106

5 F 73 OS Anti-VEGF Fibrotic 
scar 3 20/100 20/40 20/80 43

Table 5.1: Characteristics of patients with inflammatory reaction after retinal pigment 
epithelial (RPE)-choroid transplantation. * Onset of inflammatory reaction after RPE-choroid 
transplantation in months. ** Time between inflammation and blood withdrawal in months. 
Anti-VEGF = anti-vascular endothelial growth factor, BCVA = best-corrected visual acuity, 
RPE = retinal pigment epithelium, r-tPA = recombinant tissue plasminogen activator.

The onset of the inflammatory reaction after surgery ranged from 2 - 8 months. 
Figure 5.1 shows the changes of the OCT image, including SRF, HRS, and diffuse 
RPE atrophy. The latter is also clearly illustrated on FAF. Patient 2 developed a 
recurrent CNV with a large hemorrhage two years after primary surgery (Figure 
5.2). The graft was explanted and a second autologous graft was placed under the 
fovea. Interestingly, with a follow up period of three years, the inflammatory 
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reaction did not recur in the new graft.

Histopathologic assessment of the explanted first graft showed mononuclear 
inflammatory cell infiltration of both helper- and cytotoxic T-lymphocytes and 
macrophages in the RPE and choroid, based on increased presence of cells 
expressing CD3, CD4, CD8 and CD68, respectively. An increased number of 
B-lymphocytes, of which a few were plasma cells, were seen only in the choroid but 
not in the RPE, based on the presence of cells expressing CD20 and CD138, 
respectively. Patient 1-3 were treated with peribulbar steroid injection and patient 
4 and 5 with topical steroids after the inflammatory reaction. In all patients SRF 
resolved after several months. The blood samples were withdrawn 0 - 106 months 
after the inflammatory reaction. In patient 1-3 a second sample was taken 24 - 42 
months after the inflammation. 

Demographics of the control groups are shown in Table 5.2. The groups RPE-
choroid transplantation, and anti-VEGF injections were recruited at the REH and 
patients that underwent FMT were recruited at OSC.

RPE-choroid 
transplantation 
(n = 5)

Full macular 
translocation 
(n = 5)

Anti-VEGF 
injection (n = 5)

Healthy 
participants (n = 5)

Male, no (%) 3 (60%) 3 (60%) 3 (60%) 3 (60%)

Mean age 
(SD, range) 71 (5, 65-78) 82 (3, 77-84) 84 (5, 78-90) 72 (4, 66-77)

Table 5.2: Characteristics of the control groups Anti-VEGF = anti-vascular endothelial 
growth factor, RPE = retinal pigment epithelium, SD = standard deviation. 

Autoantibody detection by indirect immunofluorescence

Negative controls, positive anti-RPE65 and anti-retinal antibodies confirmed the 
validity of autoantibody detection by indirect immunofluorescence of ocular tissue 
(Figure 5.3A-C). There was no strong immunoreactivity against RPE-choroid or 
other ocular structures observed in the serum of any of the subjects. In three 
patients there was weak fluorescence of the RPE and the photoreceptors: patient 
number 4 of the inflammation group, one patient in the FMT group, and one 
patient in the uncomplicated RPE-choroid transplantation group (Figure 5.3D-F). 
The fluorescence of the RPE increased with higher serum concentrations (1:50 and 
1:25), but the signal remained weak. In one FMT patient, one patient after 
uncomplicated RPE-choroid transplantation and two patients treated with anti-
VEGF only, various intraretinal structures (photoreceptor layer, ganglion cell layer, 
inner plexiform layer) showed weak fluorescence with increasing intensity with 
higher serum concentrations. The presence of antibodies in both disease and 
control groups indicates a lack of specific autoantibody immunoreactivity.
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Figure 5.1: Patient 1-5 
after retinal pigment 
epithelium (RPE) – choroid 
transplantation. A: 
Optical coherence 
tomography (OCT)-image 
taken 2-6 weeks after 
surgery show an intact 
layer of transplanted RPE. 
B: OCT-image during 
inflammation showing 
subretinal fluid and diffuse 
atrophy of the 
transplanted RPE. 
C: Fundus 
autofluorescence during 
inflammation illustrating a 
leopard-like pattern of 
atrophy. 



90 91 Figure 5.2: Imaging (A-E) and histopathologic examination (F-I) of patient 2. Fundus shows 
a leopard-like pattern on the graft (A). At the time of inflammation fluorangiography shows 
no recurrence (B) and indocyanine green angiography shows perfusion of the graft (C). 
OCT-image during inflammation shows subretinal fluid and hyperreflective spots (arrow 
heads) (D). No inflammatory reaction occurred in the second RPE-choroid transplant 21 
months after re-transplantation (E). Histopathology of the explanted graft demonstrates 
presence of CD3 positive T-lymphocytes (F), showing both CD4 positive T-helper phenotype 
(G), and CD8 positive cytotoxic T cell phenotype (H), and CD68 positive macrophages (I) 
in the choroid and RPE. An increased number of CD20 positive B-cells (J), of which a few 
were CD138 positive plasma cells (K), was seen in the choroid but not in the RPE. 

Autoantibody detection by Western Blot
The results of the Western blots performed using the donor RPE-choroid tissue 
lysate, and protein extract of the RPE-cell line are illustrated in Figure 5.4. In both 
Western blots anti-RPE65 was positive and anti-recoverin was negative, validating 
the protein content of the lysates. Anti-collagen type 1 was positive with high 
intensity light exposure in the Western blot using donor tissue lysate, indicating the 
presence of choroidal tissue. This Western blot showed complete absence of 
potential autoantibody immunoreactivity in all patients. The positive signals at 
~40kDa and ~60kDa could be explained by the presence of immunoglobulins in 
human donor RPE-choroid tissue. The Western blot using the RPE cell line 
demonstrated no evident immunoreactivity in the inflammation group as well. 
There were several weak signals mostly in the group of uncomplicated RPE-choroid 
transplantation. For the most part these signals did not seem to be specific. The 
patients with weak immunoreactivity on Western blot did not match those patients 
with weak immunoreactivity on indirect immunofluorescence, indicating lack of 
relevance of these observations. 

C
hapter 5: Rejection-like reaction after RPE-choroid transplantation



92

Figure 5.3: Indirect immunofluorescence of references (A-C) and serum of patients (dilution 
1:100) with weak fluorescence of the retinal pigment epithelium (RPE) and photoreceptors 
(arrow heads) (D-F). Photographs were taken at 160x magnification and 6 seconds exposure 
time. A: healthy control. B: Recombinant rabbit anti-RPE65 antibody. C: anti-recoverin 
antibody. D: patient with inflammation after RPE-choroid transplantation. E: patient that 
underwent full macular translocation. F: patient after uncomplicated RPE-choroid 
transplantation. CH = choroid, RP = photoreceptor, RPE = retinal pigment epithelium. 

HLA typing
There was no overrepresentation of an HLA class I or class II type in patients that 
developed the inflammatory reaction as compared to the included controls and to 
the general population. No significant differences could be found between the 
inflammation group, the control groups, and the healthy subjects. See Appendix 2 
Supplementary Table S1 for complete results.

Discussion
The aim of our study was to examine a potential autoimmune origin of RPE-choroid 
transplant failure. Our initial hypothesis is supported by the presence of a 
mononuclear inflammatory infiltrate, including T-cells, in the failed graft and a 
high number of B-lymphocytes in the choroid. No serological evidence, however, 
of  a systemic humoral response was detected using indirect immunofluorescence 
as well as Western blot analyses in patients who developed an inflammatory 
reaction after uncomplicated RPE-choroid transplantation. In addition, we were 
unable to identify a specific HLA association as possible genetic predisposition for 
autoimmune mediated graft failure. 

The role of humoral autoimmunity in graft failure, activated by T-helper cells, has 
become more clear in recent years.14 Presence of autoantibodies has been found 
after allogeneic and autologous transplantation.14-17 Along the same line, we 
hypothesized that the inflammatory reaction was associated with an adaptive 
response of autoimmune origin resulting in the formation of detectable 
autoantibodies against RPE-choroid tissue and overrepresentation of a certain HLA 
type. The results of our study, however, do not support our theory. 
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Figure 5.4: A: Western blot using retinal pigment epithelium (RPE)- and choroid lysate. RPE-
65 and collagen type 1 show a immunoreactive band. Beside background staining, there is 
no reactivity in any of the patients. B: Western blot using protein  extract of an RPE cell line. 
RPE-65 showed immunoreactive staining. There is no staining in patients that developed an 
inflammatory reaction after RPE-choroid transplantation (Disease), and nonspecific weak 
staining in patients that underwent uncomplicated RPE-choroid transplantation (Control 
group I), patients that underwent full macular translocation (Control group II), age-related 
macular degeneration patients treated with anti-vascular endothelial growth factor (Control 
group III), and healthy controls (Control group IV). 
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The appearance of the graft and findings on multimodal imaging, i.e. SRF, HRS, 
and RPE atrophy, implies a destructive inflammatory process. It is common to 
notice a thin layer of SRF underneath the graft, which disappears when 
revascularisation is established.18 However, in the presented patients the fluid 
appeared in a later phase and persisted for several months. HRS are believed to 
represent migrated RPE cells or activated microglial cells.19 The latter cells have an 
important role in the innate immune system, and possibly in the pathogenesis of 
several retinal diseases including AMD.20, 21 Postoperative RPE atrophy in the graft 
is highly prevalent after RPE-choroid transplantation.3 Normally it initiates at the 
edge of the graft and slowly expands towards the centre. Expansion is more rapid 
in areas with a large gap between the native RPE and transplanted RPE.22 However, 
the sudden onset and the involvement of the entire graft suggest an inflammation 
instead of a degenerative process. Moreover, the histopathological examination of 
the explanted graft showed infiltration of mononuclear inflammatory cells. 

There are several possible explanations for our results. The immune reaction may 
have been targeted specifically against injured RPE. According to the danger 
theory, DAMP molecules induce inflammation to eliminate the injured cells.6, 23 In 
that case, we may not expect any adaptive immune reactivity against healthy RPE-
choroid tissue. Although some antibody responses persist lifelong, others last only 
a short time.14 Possibly, autoantibodies against the transplanted tissue were 
produced in a concentration too low to detect in serum or the serum was sampled 
too long after the actual autoantibody production. Concentrations may have been 
higher either locally at the inflammation site or earlier during the failure process. 
Unfortunately, we did not have any ocular fluids or tissues available to examine 
local deposition of autoantibodies. Alternatively, it is possible that only a local 
T-cell mediated inflammation was causing SRF and damage to the RPE of the graft. 
Studying autoreactive T-cells is highly challenging in this matter, therefore we first 
investigated the indirect consequence of an autoreactive response by T-cells, using 
detection of autoantibodies. Without further evidence for autoreactivity we believe 
it is not feasible to further study antigen-specific T-cells. Moreover, absence of 
inflammation after transplantation of a second graft in one patient implies that 
there would be no autoimmune origin. Still, it remains unclear what triggered the 
inflammation, since the surgery and initial postoperative course in all five patients 
were uncomplicated. 

Detection of autoantibodies is generally used for diagnostic purposes when 
autoimmune retinopathy is suspected. In the last decade, the interest for ocular 
autoantibodies has broadened. There is growing evidence for the involvement of 
autoantibodies in the pathogenesis of other ocular diseases, including AMD.24 It 
has been demonstrated that autoantibodies to macular tissue are significantly 
more prevalent and show stronger autoreactivity in AMD patients compared to 
age-matched controls.25 Patel et al. found a higher titre of anti-retinal antibodies in 
dry and exudative AMD patients compared to controls (94%, 82% and 9%, 
respectively).26 In agreement with the literature, we noticed more immunofluorescent 
reactivity in the RPE layer and neuroretina in AMD patients compared to healthy 
controls in our study. Drusen containing complement factors and IgG immune 
complexes add to the suggestion that immune-related processes play a role in the 
pathogenesis of AMD.27 The question whether such autoantibody-driven 
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immunoreactivity is pathogenic or merely an epiphenomenon of tissue destruction 
is still largely unanswered. Further research into this topic is important because 
autoimmune biomarkers might be useful for diagnoses, prognoses and perhaps 
as a target for AMD treatment.24 

This study has several limitations. Evidently, the number of patients is too low to 
draw definitive conclusions. Autoantibody concentration may have been insufficient 
for detection due to the long period between onset of inflammation and blood 
sample collection in some patients. The validity of antiretinal antibody testing has 
been questioned previously because of false-positive binding.28 Probably, the 
reported low validity may be influenced by lack of standardization of the laboratory 
assessment.10, 29 In our study, all assessments were performed in one laboratory 
according to previously described protocols. The autoimmune origin of the 
observed inflammation could be primarily T-cell mediated. Unfortunately, we were 
unable to specifically examine anti-RPE-choroid T-cell immunoreactivity due to 
technical limitation. Although the low number of patients precludes any conclusion, 
the lack of HLA type association with the inflammatory reaction may argue against 
autoreactive T-cell involvement. 

Conclusion
Assessment with indirect immunofluorescence and Western blot of RPE-choroid 
reactive autoantibodies and HLA typing did not show evidence for an autoimmune 
origin of the inflammatory complication, in spite of the observed numerous B-cells 
in the choroid and the local tissue infiltration by T-cells. Therefore, in this series of 
patients, we found no rationale to pursue more specific and off-label targeted 
immunomodulatory therapies such as anti-B-cell antibodies. Possibly the 
inflammation was caused by a local innate inflammation only, triggered a 
breakdown of tolerance and weakening of the blood-retinal barrier. Moreover, 
there are important drawbacks including a small sample size and limitations of the 
laboratory assessments. Although we were unable to pinpoint the cause in our 
series of patients, we consider it important to recognize and study this complication, 
and to establish a diagnostic set-up, as we may encounter this phenomenon more 
often in the future. Though submacular surgery for AMD is rarely performed since 
the introduction of anti-VEGF, there is a growing interest in the transplantation of 
induced pluripotent stem cells and embryonic stem cell derived RPE.30 
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In this chapter, we address the questions raised in the introduction (chapter 1) 
using the findings of our studies regarding surgical treatment for age-related 
macular degeneration (AMD) (chapter 2-5). Furthermore, we take a closer look 
into the potential surgical treatments for AMD in the near future. Finally, we discuss 
lessons learned from our studies that should be taken into consideration for future 
therapy.

Answers to questions
What is the potential of functional and morphological improvement 
when the damaged fovea affected by AMD is placed upon extrafoveal 
retinal pigment epithelium (RPE), either by RPE-choroid transplantation 
or full macular translocation?
In 1993, a historical animal study showed that the technique of full macular 
translocation (FMT) was feasible and photoreceptors remained viable.1 Based on 
this experiment, the first submacular surgeries in humans were performed by 
Machemer et al. and Peyman et al.2,3 Subsequently, a plethora of small-sized (6-50 
patients) short-term (mean follow-up 6-24 months) studies were published.4–14 
Because these heterogeneous studies report varying outcomes after FMT and 
retinal pigment epithelium (RPE) – choroid transplantation, it is unclear to what 
extend the vision and morphology can improve. Until now, no randomized 
controlled trial or meta-analysis that demonstrates the effect of these surgeries 
have been performed.

Our studies do not provide a higher level of evidence, as they were retrospective 
uncontrolled case series. Their strengths are the relatively large number of included 
patients and low number of missing data.15,16 The studies included 158 patients 
with a mean follow-up of 45 months in the FMT study and 81 patients with a mean 
follow-up of 38 months in the RPE-choroid transplantation study. We showed that 
removing the choroidal neovascularization (CNV) and providing the macula with 
extrafoveal RPE and choroid in AMD patients resulted in improvement of visual 
acuity and retinal morphology.15–17 Both FMT and RPE-choroid transplantation 
resulted in a statistically and clinically significant visual gain one year after surgery: 
a median improvement from 20/160 to 20/100 Snellen after FMT and 20/400 to 
20/160 Snellen after RPE-choroid transplantation. A visual acuity of ≥20/40 
Snellen, which is considered an indication for macular function, was reached by 
16% and 11% in FMT and RPE-choroid transplantation, respectively. Ability to read 
improved significantly: before RPE-choroid transplantation 5% could read 
newspaper print without low vision aids, and after surgery the number increased 
to 22%. In a few patients that were assessed by microperimetry, we noticed that the 
macular sensitivity had improved. These results show that it is possible to recover 
some of the macular function after submacular surgery for AMD. 

All other treatment options, including anti-VEGF injections, photodynamic therapy 
and displacement of hemorrhage with gas and recombinant tissue plasminogen 
activator, had been exhausted. Without surgery, the visual acuity would certainly 
have deteriorated either due to progression of disease, toxicity of a large 
hemorrhage, or denuded retina in case of an RPE tear. Part of the visual gain may 
have been attributed to the removal of blood and exudates. However, if we 
compare our results to the Submacular Surgery Trial (SST) Report No. 13, a study 
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in which patients with a large hemorrhage were either observed or treated with 
removal of blood and CNV, we can ascertain that substitution of RPE is paramount 
to obtain a favourable outcome.18 In SST No. 13, vision declined by a mean of 2 
lines in the observation group, and remained stable at 20/400 Snellen in the 
surgery group. While in our studies, vision improved in patients with a large 
hemorrhage by a mean of 6.5 lines (mean BCVA 20/100) in the FMT study and by 
3 lines (mean BCVA at 1 year 20/200) in the RPE-choroidal transplantation. This 
comparison underlines the need for healthy RPE replacement.  

One year after surgery, the BCVA was higher in the FMT study compared to the 
RPE-choroid transplantation (20/100 vs. 20/160 Snellen). The difference may be 
explained by case selection: because rotation of the retina around the optic nerve 
is limited, extended subretinal hemorrhage was more often treated with RPE-
choroid transplantation. Considering the toxicity of blood, the preoperatieve retinal 
condition may have been unfavorable in the RPE-choroid transplantation study. 
However, other explanations are possible. In a comparison study between RPE-
choroid transplantation and FMT, Chen et al. also found a favorable outcome in 
the FMT group.19 They rationalized that vascularization of the fovea after FMT is 
instant, while after RPE-choroid transplantation it takes 6-15 days.20 They also 
suggested that peripheral RPE may be less suitable for the fovea. Moreover, FMT 
may be less traumatic as it does not involve dissecting part of the RPE and choroid. 
Thus, the potential for visual improvement may be higher after FMT. The 
disadvantage of FMT is the risk of diplopia and cyclotropia causing disturbing 
confusion and limiting the indication to second eyes. 

Based on the experience of Grazia Pertile with FMT, she used a large peripheral 
retinotomy at the ora serrata for RPE-choroid transplantation.21 The article in this 
book (Chapter 4) reports the first long-term results of this technique.16 The results 
compare markedly favorable to studies using a small parafoveal retinotomy.6,11–14 
Initial results of the parafoveal retinotomy including six patients were promising 
with a mean gain of 3.5 lines, but large case-series of 133 patients showed a 
median decline in BCVA 1 year after surgery.6,22 The main serious complication 
was retinal detachment due to proliferative vitreoretinopathy (PVR), occurring in 
10% of cases. In our study, there was a median improvement of 4 lines after 1 year 
and PVR detachment occurred in 4%. 

Advantages of the peripheral retinotomy are 1) better exposure of the subretinal 
space, 2) less manipulation of the graft, and 3) the possibility to use a large graft. 
Maaijwee et al. showed that manipulation of the graft was significantly correlated 
to the visual outcome.23 The RPE is highly delicate tissue that can easily be damaged. 
In fact, Pertile et al. demonstrated that RPE atrophy develops at the edge of the 
graft where it is grasped during transplantation and from there the atrophy expands 
over time.24 After performing a peripheral retinotomy, the graft can be dragged 
carefully to the fovea, instead of being forced through a small retinotomy, causing 
less trauma to the graft. The same authors discovered that progressive atrophy 
occurred where the graft did not cover the complete area of the membranectomy. 
This explains the favorable outcome when using a larger transplant. 

Although the extend of a retinal detachment is correlated with the risk of PVR 
development,25 a large peripheral retinotomy and induced retinal detachment 
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seems to have a lower risk of PVR compared to a parafoveal retinotomy. This can 
be explained by the manipulation of the posterior retina when inserting the graft. 
Also, during insertion through a small opening, there is a high chance of dispersion 
of RPE cells into the vitreous, thereby increasing the risk for PVR.26 Finally, PVR may 
be related to toxicity of blood. Joussen et al. reported a massive subretinal 
hemorrhage postoperatively in 40% of the cases.13 This complication can be 
avoided when using a large retinotomy by coagulating the feeding vessel. Because 
of the better visual outcome and lower risk of complications, the technique of 
Grazia Pertile using a peripheral retinotomy has been adopted by several 
vitreoretinal surgeons.27–30 

The chance of visual recovery after RPE-choroid transplantation is dependent on 
the perfusion of the choroidal vessels and choriocapillaris of the graft. Usually, the 
first connection is established after 6 – 15 days and vascularization is completed 
between 12 and 60 days after surgery.20 In our studies revascularization was 
routinely confirmed with fluoangiography and indocyanine green angiography. 
Nowadays, vascularization can be assessed easier and in a non-invasive manner 
by optical coherence tomography (OCT) and angio-OCT.20,31 When no 
revascularization occurs, the graft and retina will become atrophic. For this reason, 
Joussen et al. replaced the graft by a second one in three cases.13 In our case 
series, the Bruch’s membrane was scraped with a fine needle in six patients, aiming 
to promote a connection between the choroid and the choriocapillaris. In all 
patients perfusion was established and no CNV occurred at the site of the scraping. 
In order to prevent postoperative delayed vascularization, Parolini et al. recently 
proposed to damage the Bruch’s membrane purposely immediately after 
membranectomy.29 

Morphological improvements were clear on OCT images. Because of CNV 
removal, evidently subretinal hyperreflective material and subretinal fluid disappear 
after surgery. When examining the OCT images, we noticed that the visibility of the 
outer retinal layers improved in some patients after FMT and RPE-choroid 
transplantation. Often the layers were barely visible directly after surgery. Within 
the first year after surgery, the external limiting membrane (ELM) slowly became 
more defined and subsequently the ellipsoid zone (EZ) appeared as well. Indeed, 
in almost a third of the patients that underwent FMT the ELM was better visible after 
surgery compared to baseline. It is striking that the outer retinal layers are able to 
realign after submacular surgery. The same phenomenon has been described 
after surgery for retinal detachment and anti-vascular endothelial growth factor 
(anti-VEGF) treatment for AMD.32,33 Ra et al. found slow recovery of cone receptors 
after scleral buckling, assessed by adaptive optics and OCT.33 It has been suggested 
that the ability of realignment may be attributed to the centrifugal course of the 
Müller cells and the tight-like junctions between Müller cells and photoreceptors.34 
A recent article discovered reappearance of outer retinal layers after RPE human 
embryonic stem cell replacement in dry AMD.35 They hypothesized that dormant 
photoreceptors below the limit of OCT detection became visible because of 
rehabilitation after the intervention. Although we cannot explain the exact 
mechanism, we presume that partial recovery of the photoreceptors was possible 
as a result of improved metabolic conditions after the surgery. 
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Is extrafoveal RPE able to sustain the demanding metabolism of the 
fovea in the long term?
When we study the long-term outcome, visual acuity improved significantly one 
year after surgery, and remained significantly improved two and five years after 
RPE-choroid transplantation and FMT, respectively.15,16 However, the median visual 
acuity declined slowly over the years. Is it because extramacular RPE eventually 
cannot sustain the foveal metabolism? Perhaps. But remarkable good long-term 
results in some patients suggest otherwise. 

Three out of four patients with a follow-up of eight years after FMT still had a ≥6 
line improvement compared to baseline (Figure 6.1). We obtained satisfying 
functional and anatomical results seven years after RPE-choroid transplantation 
with a visual acuity of 20/25 and 20/160 Snellen (Figure 6.2). Van Zeeburg et al. 
actually reported a visual acuity of 20/32 Snellen 13,5 years after RPE-choroid 
transplantation.36 This shows that extrafoveal as well as midperipheral RPE is able 
to provide adequate conditions for a well-functioning fovea. Of course, these are 
only few examples that may be exceptional and thus may lead to incorrect 
conclusions.

Figure 6.1: Baseline best-corrected visual acuity (BCVA) was 20/400 Snellen. After full-
macular translocation her vision improved to 20/50 Snellen and remained stable until last 
visit 7 years postoperatively, although slow atrophy progression is visible on fundus 
autofluorescence. (A-D). Optical coherence tomography shows intact outer retinal layers 7 
years after surgery (E). 
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106Figure 6.2: Two patients with long-term follow-up after retinal pigment epithelium (RPE)-
choroid transplantation. A-C: preoperative best-corrected visual acuity (BCVA) was 20/4000 
Snellen. Postoperatively, BCVA improved and remained stable until last visit (7 years). D-F: 
preoperative BCVA was 20/100 Snellen. BCVA improved to 20/25 and remained stable 
over 7 years, although progression of atrophy can be observed on the autofluorescence 
image. 

The main reason for visual loss over time was recurrent CNV and progression of 
RPE and/or neuroretinal atrophy. In the FMT study, recurrent CNV developed in 
30% of the patients after a median of 19 months (range 0-82).15 Typically, the CNV 
arose from the membranectomy site on the edge towards the macula, ultimately 
affecting visual acuity when reaching the fovea. Baer at al. found that recurrence 
was correlated with lesion size and inversely with the distance between the fovea 
and the membranectomy.37 They hypothesized that the recurrence was stimulated 
by signals derived from the fovea in proximity of a damaged RPE. Notably, after 
RPE-choroid transplantation a CNV, if present, usually remained confined to the 
edge of the graft without affecting visual acuity. The fact that in most cases there 
was no need for anti-VEGF therapy after RPE-choroidal transplantation suggests 
that the graft, containing RPE, Bruch’s membrane and choriocapillaris, forms a 
barrier against more extensive neovascularization. 

Progressive RPE atrophy is a foremost threat to preservation of the visual acuity 
after submacular surgery. In 2005 MacLaren et al. warned for the continuing 
progression that occurred in all four included patients five years after RPE-choroid 
transplantation, resulting in disappointing outcome.38 Their high rate of central 
atrophy is probably due to the small size of the grafts and iatrogenic damage of 
the RPE induced by manipulation under the retina with poor visibility. In our study 
using larger grafts, foveal RPE atrophy occurred in 22% after median 38 months 
post-RPE-choroid transplantation. After FMT, almost half of the patients were 
affected at last visit (median 45 months). The atrophy usually expanded from the 
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membranectomy site.  Interestingly, reoccurrence of geographic atrophy in the 
exact same area shortly after FMT was reported.39 Thus, RPE atrophy after 
submacular surgery may be caused by expansion of existing RPE defects or 
pathologic and/or genetic stimuli from the diseased retina. 

In conclusion, good results in several patients suggest that extramacular and 
midperipheral RPE is able to sustain the foveal metabolism in the long term. We 
observed a trend of visual loss years after submacular surgery. However, 
deterioration due to progressing RPE atrophy has also been reported after anti-
VEGF treatment (rate of 98% after 7 years of treatment).40,41 Likely, loss of visual 
function after submacular surgery is partly caused by natural progression of the 
disease.

What is the correlation between the morphology of the foveal and visual 
acuity? Can we select patients with a better prognosis? 
The retinal layers can be precisely examined using OCT. The following layers of the 
macular area visible on OCT are affected by neovascular AMD: 

•	 Choriocapillaris: the choriocapillaris is thinner in AMD patients, and there 
are choriocapillaris flow deficits around the CNV, which are thought to 
reflect ischemia that elicits the development of the CNV.42–44 

•	 RPE/Bruch’s membrane complex: RPE atrophy is a key feature of 
geographic atrophy and neovascular AMD. Migration of RPE cells into the 
neuroretina may occur. Additionally, the RPE can be damaged by exudates 
and hemorrhage. Bruch’s membrane becomes thinner with increasing 
age. An important characteristic of AMD is thickening of the basal laminar 
deposits, which are clinically visible as drusen when large enough.45,46 A 
CNV can invade the sub-RPE and subretinal space through breaks of the 
Bruch’s membrane. 

•	 Neuroretina: A neovascular membrane, originating from the choroid 
(type 1 or 2), or from the retinal vasculature (type 3), can damage the 
neuroretina due to leakage of fluid and exudates, consisting of serum, 
fibrine and inflammatory cells.45 Often most prominently the outer retina, 
i.e. the EZ and ELM, is affected. The neuroretina may become significantly 
thinner in AMD patients.47

Unfortunately, we were not able to assess all the above mentioned layers in our 
study, because advanced disease impeded accurate distinction of some of the 
layers, and because we did not have enhanced depth OCT at our disposable to 
assess the choroidal thickness.  

In our study, the following morphological features were correlated with a better 
visual acuity at baseline: a smaller neovascular membrane, thinner subretinal 
tissue complex (SRTC), and the presence of ELM.17 After FMT, in most patients SRTC 
and subretinal fluid were gone as the CNV and hemorrhage were removed, and 
the neuroretina was supported by an intact layer of RPE, Bruch’s membrane and 
choriocapillaris. Only in case of recurrent CNV, SRTC and/or subretinal fluid were 
present, which was associated with a worse visual acuity. Other factors significantly 
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associated with a worse visual outcome after FMT were absence of ELM and 
presence of intraretinal fluid. 

The presence of the ELM was correlated with the central foveal thickness, which 
may reflect Müller cell function. Müller cells form the structure of the retina and 
they are important for retinal metabolism and recovery. Müller cells are not directly 
visible on OCT and it seems there is still a lot to discover about their function. As 
knowledge about Müller cells in retinal physiology and pathophysiology in different 
eye diseases is increasing,34,48,49 we hope that future research will give us more 
insight in their role in AMD and retinal healing after treatment. 

Type 1 CNV (located under the RPE) is the most common type in AMD (60-70%). It 
can be more quiescent and progressing slower over time, even under anti-VEGF 
treatment. It is believed that type 1 CNV protects against RPE atrophy to some 
degree.50 Polypoidal choroidal vasculopathy is considered a variant of type 1 CNV 
that is more common in the Asian population.45 Type 2 CNV (located above the 
RPE) is more common in myopic macular degeneration. It is known to be more 
aggressive, but generally has a good response on anti-VEGF treatment.51 Retinal 
angiomatous proliferation (RAP) is also known as  type 3 CNV and recently 
renamed as type 3 macular neovascularization because of its retinal origin.45,51 It 
often involves photoreceptor damage and usually responds well to anti-VEGF and/
or PDT.51,52 

As expected, most of the neovascular membranes in our study were type 1 CNV.17 
Although numbers of patients with other CNV types were too small for statistical 
comparison, we observed that type 1 and mixed type 1+2 CNV had a favorable 
outcome. Only one patient with type 3 neovascularization and 1 patient with PCV 
were included, and both had a worse outcome after FMT. In the study of de Sutter 
et al. recurrence after RPE-choroid transplantation occurred only in original type 3 
neovascularization.28 They explained that recurrence developed because of 
incomplete neovascular membrane removal during surgery, since most part is 
located within the retinal layers. We did not have the same experience in our cases, 
perhaps because frequently we were unable to determine the lesion type due to 
preoperative hemorrhage and fibrosis. In our study we observed an impressive 
case of recurrence due to PCV that seemed to penetrate the graft destructively 
(Figure 6.3).

Patients with an RPE tear or hemorrhage at baseline had a significantly better 
outcome compared to nonresponders to anti-VEGF or subretinal fibrosis. The 
reason for this could be that the onset in RPE tear or hemorrhage is sudden, 
whereas nonresponders and fibrosis have a more chronic course, and therefore 
the neuroretina may have been less damaged. Other baseline factors that were 
significantly associated with a better postoperative visual acuity were presence of 
ELM and absence of intraretinal fluid. 
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Figure 6.3: Two years after retinal pigment epithelium -choroid graft transplantation best 
corrected visual acuity (BCVA) was 20/40 Snellen (A). At 3 years a recurrence arose from 
underneath the graft near the foveal center (B) and BCVA decreased to 20/63 Snellen. 
Concurrently polypoidal lesions were clearly visible on indocyanine green angiography 
both under the fovea and inferotemporal to the macula (C, arrow heads). The patient 
was treated with PDT and 6 anti-VEGF injections. Nonetheless, the subretinal exudates 
progressed (D). BCVA decreased further to counting fingers at 5 years postoperatively. After 
6 years of follow-up, at last visit, the subfoveal lesion regressed but visual acuity remained 
unchanged (E).

Summarizing, in agreement with previous literature,32,33 the structure that was by 
far the most associated with visual acuity before and after surgery was the ELM. 
Presence of the ELM was also a significant predictive factor for surgical outcome. 
This result is supported by a recent article of Parolini et al. assessing morphology 
after RPE-choroid transplantation.29 If we take the ELM into consideration for 
treatment decision, the outcome of surgery for AMD could improve substantially. 
In our study type 3 neovascularization and PCV had a worse prognosis after 
surgery, but larger numbers are needed to confirm this. We were unable to study 
the choriocapillaris and Müller cells, nonetheless we believe they have an important 
role in recovery after surgery and more research into this field is warranted. 

Though a host-graft reaction has only been reported in allogenic 
transplantation, may the immune system regard autologous transplanted 
RPE as “dangerous”, thereby activating an immune response 
(Matzinger)? 
According to Burnet’s Self-Non-Self model in 1960, the immune system becomes 
activated when a foreign cell (non-self) is recognized by the bodies’ own cells 
(self).53 “Self” is recognized because of major compatibility complex (MHC) 
expressed on each cell surface. After solid organ transplantation, MHC-mismatch 
can therefore lead to rejection of a graft. Medical immune suppression may 
counteract such a destructive reaction. Although an adaptive immune response 
against allogenous transplantation is thought to be primarily cellular, it has become 
clear that also the humoral system has an important role.54 

In autologous RPE-choroid transplantation, there is no difference in MHC 
expression, and so according to Burnet’s theory an immune reaction against the 
graft would be impossible. However, we observed five cases of destructive 
inflammation after RPE-choroid transplantation. The RPE cells of the graft started 
to disappear as if the immune system was attacking the transplanted tissue, 
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mimicking a rejection. Histopathology of an explanted graft of one of these patients 
showed infiltration of T-cells in the graft and an increased number of B-cells in the 
choroid, suggestive for an adaptive immune response. Yet, we were unable to find 
further evidence by searching for auto-antibodies in the serum of these patients. 
The results could be false negative because of the limitations of the study: low 
number of patients, experimental laboratory assessment (unknown sensitivity and 
specificity), and varying time between onset of inflammation and blood withdrawal. 
If our results were truly negative, perhaps it may have been a local inflammation 
without systemic involvement or mainly a cellular reaction without a strong humoral 
response. Either way, the clinical impression of a destructive inflammatory reaction 
against the autologous graft seems to adhere to the Danger Theory of Polly 
Matzinger.55,56 According to her model, the immune system attacks cells that are 
considered “dangerous”. Danger signals can come from pathogens such as 
bacteria or viruses, but also from damaged autologous cells. 

In case of RPE-choroid transplantation for AMD, there are several factors that 
could elicit ‘danger signals’. First, iatrogenic damage inevitably occurs during RPE-
choroid transplantation when dragging the graft to the macular area. Cell necrosis 
and release of content can lead to expression of danger-associated molecular 
pattern on the surface. Second, AMD is associated with a dysregulated immune 
response.57 It is well-known that complement factor H is a strong risk factor for the 
development of AMD. Drusen, a key feature of AMD, are in fact subretinal 
accumulations of inflammatory-related components.58 Moreover, patients with 
AMD have a significant higher titer of anti-retinal antibodies in their serum.59 
Considering these findings, we can assume that AMD patients in general are more 
susceptible to immunologic instability. Finally, the blood-retinal barrier is disrupted 
in neovascular AMD, and even more severely after RPE-choroid transplantation. 
Normally a monolayer of RPE with tight junctions provides a physical barrier 
between the retina and the blood and it prevents infiltration of inflammatory cells 
into the retina. The retina and subretinal space are known to have a low immune 
activity owing to suppression by regulatory T-cells and suppression of bystander 
T-cells by the RPE. Because of the abovementioned circumstances, the environment 
probably shifted to a proinflammatory condition, leading to the destructive 
inflammatory reaction against the graft. However, we were not able to pinpoint the 
exact cause, since the destructive inflammatory reaction is uncommon after RPE-
choroid transplantation for AMD, and the surgery itself was uncomplicated.   

Certainly, the risk for an immunologic response is much higher after allogenic 
transplantation, as observed by Algvere et al. using fetal RPE.60 Now that 
transplantation using allogenic RPE stem cells are being developed, the concern 
for immunologic reactions is rising. Possibly, similar reactions could be encountered 
more often after such treatment.  

Upcoming surgical treatments for AMD
Submacular surgery for AMD has started long before the development of anti-
VEGF injections. Fortunately, anti-VEGF has improved the prospect for neovascular 
AMD patients drastically in a relatively non-invasive manner using regularly dosed 
intraocular injections, limiting the need for surgery to specific cases. Even though 
improved medications are continuously being developed, a role for surgery will 
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remain for extensive submacular hemorrhage and foveal RPE-tears. The complexity 
of the current submacular surgery and the high risk of complications calls for 
alternative treatment strategies. This is an exciting era, as a lot of new developments 
for RPE and outer retinal replacement are being explored at the moment. 

Stem cells 
Human stem cells have the unique quality of being able to differentiate in any kind 
of specified cell, creating numerous opportunities in regenerative medicine. Retinal 
pigment epithelium was one of the first cells that were created successfully, as 
human pluripotent stem cells can differentiate spontaneously into RPE when 
removing basic fibroblast growth factor.61 

Human stem cells can either derive from embryonic tissue (human embryonic stem 
cells, hESC) or from adult tissue (human induced pluripotent stem cells, hiPSC). For 
production of hiPSC, cells are reprogrammed using transcription factors. Both 
techniques have their disadvantages. Using human embryo’s as a source raises 
ethical questions, and its availability is scarce. Also, using allogenic cells increases 
the risk of rejection, requiring the need for systemic immune suppression. Usage 
of autologous induced pluripotent stem cells bypasses these difficulties. Their main 
concern is genetic instability and tumorigenicity when reprogramming the cells. 
Besides, it is an expensive (circa €1.000.000 from harvest to implant) and time-
consuming (circa 3 months) procedure.62,63 The duration is too long for the 
treatment of submacular hemorrhage or RPE tear: by the time the graft is ready for 
implantation, the retina would be irreversibly damaged. To shorten the time, it has 
been suggested to use HLA-matched allogenic hiPSC.62 So far there are no 
publications on this technique. 

Five phase I/II studies have been published on stem cell transplantation for AMD. 
Schwartz et al. injected a bolus of single hESC-RPE cells subretinally in the transition 
zone between healthy and diseased RPE in nine patients with dry AMD and nine 
patients with Stargardt disease.64,65 In the AMD group, vision improved in four 
patients, remained stable in two patients and worsened in three patients. They 
found the treatment to be safe without signs of rejection or teratoma formation. 
Song et al. did a similar study, injecting a bolus of hESC-RPE cells in two patients 
with dry AMD and two patients with Stargardt disease.66 They found moderate 
improvement in vision. Kashani et al. used hESC-RPE cells on a scaffold of non-
biodegradable synthetic parylene substrate in four eyes with dry AMD.35 They 
observed reappearance of ELM on OCT at the site of the graft and improvement 
of fixation in two patients. Da Cruz et al. transplanted hESC-RPE cells on a scaffold 
of coated synthetic basement membrane in two patients with neovascular AMD.67 
There was fixation on the graft and increased reading speed. Adverse events were 
worsening of diabetes because of systemic immune suppression and PVR-related 
retinal detachment in one patient. Unfortunately, the study did not continue after 
including two patients because funding was suspended due to causes unrelated to 
the trial. Mandai et al. were the only ones to use hiPSC for AMD.68 The hiPSC-RPE 
sheet derived from autologous skin tissue. Two patients with neovascular AMD 
(PCV lesions) were included. They decided to withhold treatment in one of the two 
patients because of aberrations in DNA copy number that could affect gene 
expression. The authors demonstrated hiPSC graft survival was possible up to 4 
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years with a stabilized vision of 20/200 Snellen.62 This study was stopped after 
treatment of a single patient because of tightened Japanese regenerative medicine 
law. 

As outlined above, there are just a few studies on stem cell therapy for AMD 
including only a low number of patients. Because the treatment is experimental, 
patients that were included had advanced disease with low baseline visual acuity 
and little chance of improvement. At this moment it is still questionable whether 
RPE stem cells are good enough to sustain the fovea. In addition, there are obstacles 
to overcome such as high costs, genetic instability and possible immune response. 
Nonetheless, it is a promising and interesting development. More studies are 
planned by RIKEN and Moorfield Eye Hospital, and surely their results will be 
closely followed.63   

Prosthetics 
Retinal prosthesis was designed to provide a minimum of sight for patients that are 
(almost) blind, like patients affected by retinitis pigmentosa. Driven by the success 
of cochlear implants for deaf people, retinal prosthesis gained a lot of hope and 
interest. However, up to now technology has not yet been able to meet these high 
expectations. 

ARGUS II (Second Sight Medical product, USA) was the first implant with CE and 
FDA mark approval and it has been implanted in > 350 patients world-wide.69,70 
The image is captured by a camera mounted on glasses, and the information is 
sent wireless to the intraocular implant via a video processing unit. However, 
additional electric amplification is required. To establish the amplification, a wire 
is needed to connect the subretinal device to an extraocular coil. The implant is 
positioned on the retinal surface, stimulating the retinal ganglion cells electronically. 
After implantation in retinitis pigmentosa patients, the majority was able to perform 
certain tasks with high contrast, such as locating a white square on a black 
background.69 However, in daily life the impact was limited. Postoperative vision 
did not exceed 20/1260 Snellen. One study investigated the outcome of ARGUS II 
in dry AMD patients.71 Out of the five included patients, the impact of daily life was 
rated positive for one patient and mildly positive for three patients. The authors 
commented that ARGUS II has less impact on quality of life in AMD patients 
compared to those affected by retinitis pigmentosa, because of the intact peripheral 
vision. 

Alpha IMS/AMS (Retina Implant AG, Germany) is a photovoltaic implant placed 
subretinally, stimulating primarily bipolar cells.72 The power device is placed 
externally behind the ear and it is connected to the implant via a transscleral cable. 
The long route through various anatomical structures makes the surgery time 
consuming (6-8 hours) and complex, requiring an otolaryngologist to perform part 
of the surgery. There are two main advantages of this prosthesis. First, the 
photodiodes of the implant measure the light intensity, avoiding the need for an 
external camera, and allowing eye movements to correspond to the perceived 
vision. Second, the subretinal location causes less visual distortion. The best 
reported visual acuity after Alpha IMS/AMS implantation in patients with retinitis 
pigmentosa was 20/546 Snellen. 
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Another possibility is to place the prosthesis in the suprachoroidal space.70,73 The 
greater distance between the implant and the retina may be a disadvantage, 
though studies – while small-sized – do not show inferior results. 

PRIMA (Pixium Vision, France) is the first prosthesis specifically developed for dry 
AMD.74 A near infrared camera mounted on glasses captures the image and 
transfers it wireless to the intraocular implant that is placed in the subretinal space. 
The subretinal device does not need additional power through a transscleral wire 
and extraocular coil as the abovementioned ones. An initial study including five 
patients demonstrated its feasibility. Vision improvement was modest and best-
reported prosthetic vision – measured with opaque video glasses occluding 
everything but the center – was 20/420 Snellen. A multicenter study (PRIMAVERA) 
has already recruited over 25 patients. At the moment, retinal prosthesis has only 
been described for dry AMD and not yet for neovascular AMD patients. 

Due to high costs, limiting market size, rigid regulations and disappointing outcome 
ARGUS II and Alpha IMS/AMS stopped their production.75 Satisfying visual acuity 
is not achieved because neighboring cells are stimulated simultaneously, even 
when using a high number of pixels.76 At the most, shapes of large objects can be 
detected. Argus and Retina Implants and also earlier the Argus like implant IRIS by 
Pixium lost their long-term function because torsion by the long extraocular coil 
cause loss of watertightness. However, promising novelties are emerging. Image 
processing such as simplification, depth algorithms, and facial recognition may 
improve the usability of prosthetics. Moreover, an organic prosthesis of P3HT 
nanoparticles may provide a better special resolution and higher visual acuity, 
though thus far this technique has only been applied in animal studies.77,78 

Gene therapy
The goal of gene therapy for neovascular AMD is to eliminate the need for 
frequent intravitreal injections with anti-VEGF. Subretinal gene therapy delivery 
has been associated with less immune response compared to intravitreal 
injection.79 Guimares et al. reports seven completed and ongoing trials on gene 
therapy for neovascular AMD. Subretinal injection of RGX-314, a recombinant 
AAV8 vector with a ranibizumab-like protein, resulted in maintenance of vision 
without the need for anti-VEGF injections in 50% of the patients 1,5 years after 
treatment. All six patients treated with intravitreal ADVM-022 did not need rescue 
injections after a median follow-up of 44 weeks. Other studies did not yet publish 
preliminary results. 

A gene therapy focused on neovascular AMD pathogenesis seems far away as 
there are multiple genes involved. Nonetheless, the evolution of gene therapy is 
evolving rapidly and we may expect approved and commercially available 
therapies in the near future. 

Considerations for future treatments
Although there are yet many obstacles to tackle, new treatments for AMD are on 
the doormat. It is time to reflect on what we have learnt so far. 

Certain challenges are inherent to the aged and often fragile population. Many 
elderly become more and more isolated because of presbycusis and mental 
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deterioration. Visual loss adds up to the isolation. Their autonomy can become 
jeopardized, requiring them to move to a nursing home, which may further worsen 
mental deterioration. Severe comorbidities such as cardiovascular problems, lung 
disease and kidney disease are common in elderly. Such comorbidities may 
preclude treatments that require lengthly general anesthesia or long-lasting 
systemic immune therapy. Moreover, older people are generally less flexible to 
adjust to new circumstances. This may become a problem when visual training 
and understanding new technology is part of the treatment, e.g. in retinal prosthesis. 
Thus, not only ophthalmic, but also medical, psychological and social aspects 
need to be taken into consideration when starting a new sort of treatment in AMD 
patients. 

Our studies prove the principle that partial restoration of macular function is 
possible when the CNV is removed and RPE and choroid are replaced, also in the 
long term. The studies confirm that better results are obtained with an RPE-choroid 
graft compared to submacular injection of single RPE cells.80 Hence, although 
technically more challenging, we expect better results from stem cell sheets 
compared to RPE bolus. Current trials on stem cell therapy replace only RPE and 
not the choriocapillaris. Ma et al. found good results after transplantation of an 
RPE sheet. However, they treated mainly PCV, presumably with a relatively 
undamaged central choroid.81 It is questionable whether sole RPE replacement 
would be sufficient to maintain a viable fovea. Perhaps we need to find also a 
replacement for the choriocapillaris. Indeed, an in vitro study  demonstrated the 
feasibility of developing well-functioning 3D-printed units of stem cell-derived RPE, 
Bruch’s membrane and capillary-bed containing key native features to support the 
retina.82

RPE-choroid transplantation and FMT are technically challenging surgeries, as are 
stem cell replacement, submacular prosthesis, and to a lesser extend subretinal 
gene therapy. In the future, the use of robotic assistance might make submacular 
surgery for AMD more feasible for vitreoretinal surgeons world-wide. The Preceyes 
Surgical System (Preceyes BV, Eindhoven, The Netherlands) has CE mark approval 
and it is one of the first robots that is used in humans.83–85  Because of its 10-fold 
increased precision, delicate tissue such as RPE could be handled more cautiously 
with robotic assistance.   

AMD is a multifactorial and complex disease, including degenerative, biochemical 
and inflammatory changes, subretinal depositions, and neovascularization with 
exudates and hemorrhage. It is difficult to treat all disease components. Therefore, 
despite novel treatment, we need to bear in mind that disease progression may 
continue.  

Treatment outcome is much related to the extent of retinal and RPE damage. In our 
studies, submacular hemorrhage and RPE tears were better candidates for 
submacular surgery compared to long-standing fibrosis or non-responders to anti-
VEGF. As mentioned previously, it is especially important to evaluate the integrity of 
the outer retina for optimal case selection. 

The introduction of stem cell transplantation has raised the issue of immunogenicity. 
Because production is time-consuming also hiPSC will be produced from allogenic 
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cells.62 It has been suggested to develop a standardized method for detecting 
immune responses in patients undergoing cell-based intra-ocular transplantation.86 
Auto-antibody testing for RPE is challenging because of its autofluorescence. The 
protocol that we described in chapter 5 bypasses this problem by using Cy5 and it 
is validated by positive and negative controls. Therefore, in the future this 
standardized protocol may be useful for detecting immune responses after  RPE 
stem cell therapy.
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English summary

Chapter 1: Neovascular age-related macular degeneration (AMD) is a common 
eye disease in the Western countries among people over 60 years old. It causes a 
central scotoma, resulting in difficulties with daily life activities. The gold standard 
treatment consists of intraocular injections with anti-vascular endothelial growth 
factor (anti-VEGF). Submacular surgery, i.e. full macular translocation (FMT) and 
retinal pigment epithelium (RPE-) choroid transplantation, is reserved for cases that 
do not benefit from standard treatment. 

Chapter 2: A retrospective study regarding FMT including 158 patients with a 
mean follow-up of 45 months showed a significant postoperative visual gain. 
Median best-corrected visual acuity (BCVA) improved from 20/160 Snellen to 
20/100 Snellen one year after surgery. A ≥3 line gain was observed in 47% and 
45% of the patients after one year and at last visit, respectively. The number of 
legally blind patients was significantly reduced. A subanalysis of patients with a ≥5 
year follow-up still had a median significant visual improvement 5 years after FMT 
compared to baseline. Patients with proliferative vitreoretinopathy (PVR) (4%), 
recurrent choroidal neovascularization (CNV) (30%), and RPE atrophy (47%) had a 
worse outcome in the long term. 

Chapter 3: Morphological change after FMT was evaluated in 51 patients with a 
mean follow-up of 30 months. Subretinal tissue complex and subretinal fluid 
disappeared in all patients except in case of recurrence (4%). The visibility of the 
external limiting membrane (ELM) decreased in 20%, remained stable in 51%, and 
increased in 29%. An increase of ELM visibility was correlated with an increased 
visual acuity. The foveal centre thickness was significantly correlated with the 
presence of the ELM. Predictive factors for a favourable surgical outcome were 
presence of ELM and mixed type CNV (type 1 + 2). Patients with intraretinal fluid, 
fibrotic lesions and non-responders to anti-VEGF had an unfavourable outcome. 

Chapter 4: We studied the outcome of 81 patients that underwent RPE-choroid 
transplantation using a peripheral retinotomy. The mean follow-up was 38 months. 
There was a significant visual improvement from median 20/400 Snellen to 
20/100 Snellen one year after surgery. A ≥3 line improvement was achieved in 
53% of the patients after one year, and in 46% at last visit. Reading ability without 
low vision aids improved significantly. Out of 4 patients with an 8-year follow-up, 
3 patients had a ≥6-line gain at last visit. Severe complications were submacular 
hemorrhage (10%), macular hole (7%) and PVR (4%). Nonperfusion of the graft 
was successfully treated with scraping of the Bruch’s membrane in six patients. Our 
results are favourable compared to previous literature reporting results of RPE-
choroid transplantation using a parafoveal retinotomy. 

Chapter 5: Five patients had a destructive inflammatory reaction after 
uncomplicated RPE-choroid transplantation. There was diffuse RPE atrophy, 
subretinal fluid and hyperreflective spots in the retina. In one patient the graft was 
replaced by a second graft because of a large hemorrhage. Histopathology of the 
explanted graft showed an increased number of B-cell lymphocytes in the choroid 
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and T-cell lymphocyte infiltration. When testing for RPE-antibodies in these five 
patients and several control groups, we found no evidence for an auto-immune 
origin. Also human leukocyte antigen typing did not give the suggestion of auto-
immune response. Negative results may be due to the study limitations, or because 
the inflammation was local or nonspecific. 

Chapter 6: In this chapter we reflect on the abovementioned studies. After 
submacular surgery in AMD patients, some of the macular morphology and 
function can be restored. Extrafoveal RPE seems to be able to sustain the fovea, 
also in the long term. The most important predictive factor for surgical outcome is 
the integrity of the ELM. We observed five cases of inflammatory destructive reaction 
after RPE-choroid transplantation, even though the graft was autologous. Possibly, 
the graft was regarded as ‘dangerous’. However, we were unable to pinpoint what 
elicited this reaction. 
New treatments including stem cell replacement, prosthesis and gene therapy are 
emerging. Even though there are obstacles such as high costs, limited market size 
and technological limitations, these are promising techniques. Hopefully the results 
from our studies can contribute to these new developments. 
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Samenvatting (Dutch summary) 

Hoofdstuk 1: Exsudatieve leeftijdsgebonden maculadegeneratie (LMD) is een 
veel voorkomende oogaandoening in westerse landen bij mensen boven de 60 
jaar. Het veroorzaakt een centraal scotoom, waardoor er moeilijkheden ontstaan 
bij dagelijkse activiteiten. De standaard behandeling bestaat uit intra-oculaire 
injecties met anti-vasculaire endotheliale groeifactor (anti-VEGF). Submaculaire 
chirurgie, oftewel macularotatie en retinaal pigment epitheel (RPE)-choroidea 
transplantatie, wordt alleen overwogen wanneer de standaard behandeling niet 
volstaat. 

Hoofdstuk 2: Een retrospectieve studie over macularotatie, waarbij er 158 
patiënten waren geïncludeerd met een mediane opvolging van 45 maanden, 
toonde een significante visusverbetering na de operatie. De mediane best 
gecorrigeerde gezichtsscherpte verbeterde van 20/160 naar 20/100 Snellen één 
jaar na behandeling. Er was een verbetering van ≥3 lijnen in respectievelijk 47% 
en 45% van de patiënten na één jaar en bij de laatste controle. Het aantal legaal 
blinde patiënten was significant verminderd. Een subanalyse van patiënten met 
een minimale follow-up van 5 jaar liet zien dat er na 5 jaar een significante 
visusverbetering was ten opzichte van vóór de operatie. Patiënten met proliferatieve 
vitreoretinopathie (PVR) (4%), recidiverende choroidale neovascularisatie (CNV) 
(30%) en RPE atrofie (47%) hadden een slechtere visusuitkomst op lange termijn. 

Hoofdstuk 3: Morfologische veranderingen na macularotatie zijn onderzocht in 
51 patiënten met een mediane opvolging van 30 maanden. Subretinaal weefsel 
en -vocht verdween in alle patiënten behalve wanneer er sprake was van een 
recidief CNV (4%). De waarneembaarheid van het stratum limitans externum (ook 
bekend als external limiting membrane, ELM) was postoperatief verminderd in 
20%, stabiel in 51% en verbeterd in 29% van de patiënten. Betere waarneembaarheid 
van de ELM was gecorreleerd met een betere gezichtsscherpte. Verder was de 
centrale foveale dikte significant gecorreleerd met de aanwezigheid van de ELM. 
Voorspellende factoren voor een gunstige uitkomst waren aanwezigheid van de 
ELM en gemengd type CNV (type 1+2). Patiënten met preoperatief intraretinaal 
vocht en fibrotische laesies en patiënten die preoperatief niet reageerden op anti-
VEGF hadden een slechtere visusuitkomst. 

Hoofdstuk 4: We hebben resultaten onderzocht van 81 patiënten die een RPE-
choroidea transplantatie middels een perifere retinotomie hadden ondergaan. De 
mediane opvolging was 38 maanden. Er was een significante visus verbetering 
van mediaan 20/400 naar 20/100 Snellen één jaar na de operatie. Een verbetering 
van ≥3 lijnen was bereikt in 53% van de patiënten één jaar postoperatief, en in 
46% bij de laatste controle. Het vermogen om te lezen zonder visuele hulpmiddelen 
verbeterde significant. Drie van de vier patiënten met een follow-up van 8 jaar had 
een visuswinst van ≥6 lijnen bij de laatste controle. Ernstige complicaties waren 
submaculaire bloeding (10%), maculagat (7%) en PVR (4%). Nonperfusie van het 
transplantaat was succesvol behandeld in 6 patiënten middels krassen van het 
membraan van Bruch. Onze resultaten waren gunstig ten opzichte van artikelen 
die resultaten rapporteerden na RPE-choroidea transplantatie via een  parafoveale 
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retinotomie. 

Hoofdstuk 5: Vijf patiënten hadden een destructieve inflammatoire reactie na 
een ongecompliceerde RPE-choroidea transplantatie. Er was sprake van diffuse 
RPE atrofie, subretinaal vocht en hyperreflectieve stippen in de retina. Bij één 
patiënt was het transplantaat vervangen vanwege een grote bloeding. 
Histopathologie van het verwijderde transplantaat toonde een verhoogd aantal 
B-cel lymfocyten in de choroidea en T-cel infiltratie. Bij het testen van RPE-
antilichamen in deze vijf patiënten en een aantal controlegroepen vonden wij geen 
aanwijzing voor een auto-immuun respons als mogelijke oorzaak. Ook humaan 
leukocytenantigeen typering gaf hiervoor geen suggestie. Mogelijk zijn de 
negatieve resultaten veroorzaakt door beperkingen van de studie. Een andere 
verklaring zou kunnen zijn dat de inflammatie aspecifiek of alleen lokaal was.  

Hoofdstuk 6: In dit hoofdstuk reflecteren we op de bovengenoemde studies. De 
maculaire morfologie en functie kan gedeeltelijk herstellen na submaculaire 
chirurgie in LMD patiënten. Extrafoveaal RPE lijkt de fovea op de lange termijn 
goed te kunnen onderhouden. De belangrijkste voorspellende factor voor een 
goede chirurgische uitkomst is de integriteit van de ELM. In vijf patiënten was er 
een inflammatoire destructieve reactie na RPE-choroidea transplantatie, ondanks 
dat het transplantaat autoloog was. Mogelijk is het transplantaat door het lichaam 
als ‘gevaarlijk’ geïdentificeerd. Helaas hebben we niet kunnen achterhalen wat 
deze reactie heeft uitgelokt. 

Stamceltherapie, protheses en gentherapie zijn opkomende behandelingen. Dit 
zijn veelbelovende technieken, hoewel er nog veel obstakels zijn zoals hoge kosten, 
kleine marktomvang en technische beperkingen. Hopelijk kunnen de resultaten 
van onze studies bijdragen aan deze nieuwe ontwikkelingen. 
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Appendix 2: Supplementary table S1

Human leukocyte antigen (HLA) results (chapter 5).

HLA type Inflammation 
group % (n = 5)

Control groups 
% (n = 15)

Healthy donors 
% (n =5604)

A1 60 27 34
A2 60 33 49
A3 0 27 29
A11 20 7 12
A23 20 7 2
A24 0 33 16
A25 0 7 2
A26 0 7 4
A29 0 13 5
A30 0 7 5
A31 0 7 6
A32 20 13 6
A33 0 7 2
A68 0 13 9
B7 0 7 25
B8 40 13 26
B13 0 13 4
B18 0 13 7
B27 20 0 7
B35 20 20 19
B38 0 7 3
B39 0 13 4
B44 20 53 22
B50 0 7 1
B51 20 13 11
B57 0 7 7
B58 0 7 2
B62 20 7 -
B63 20 0 1
B64 0 7 4
Bw4 60 73 -
Bw6 60 67 -
Cw1 20 0 6

C
hapter 8: A

ppendices



134

Cw3 20 7 30
Cw4 40 13 23
Cw5 0 40 14
Cw6 0 33 16
Cw7 60 47 56
Cw8 0 7 4
Cw9 20 7 -
C*12 0 20 8
C*15 0 7 5
C*16 20 13 6
DR1 0 13 22
DR4 40 20 28
DR7 40 20 20
DR9 0 7 3
DR11 0 13 17
DR12 0 7 4
DR13 20 40 25
DR14 40 7 7
DR15 20 20 24
DR16 0 7 3
DR17 40 27 28
DR51 20 27 -
DR52 80 80 -
DR53 60 80 -
DQ2 80 47 39
DQ5 40 27 33
DQ6 20 40 44
DQ7 0 33 30
DQ8 40 13 19
DQ9 0 7 9
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Appendix 3: List of abbreviations

ANA  antinuclear antibodies
AMD  age-related macular degeneration
Anti-VEGF anti-vascular endothelial growth factor
BCVA  best-corrected visual acuity
BSA  bovine serum albumin
BSS  balanced salt solution
CME  cystoid macular edema
CNV  choroidal neovascularization
DAMP  damage-associated molecular pattern
ELM  external limiting membrane
ERM  epiretinal membrane
ETDRS  Early Treatment Diabetic Retinopathy Study
EZ  ellipsoid zone
FA  fluorescein angiogram
FAF  fundus autofluorescence
FCT  foveal center thickness
FMT  full macular translocation
HLA  human leukocyte antigen
hESC  human embryonic stem cells
hiPSC  human induced pluripotent stem cells
HRS  hyperreflective spots
ICC  interclass correlation
ICGA  indocyanine green angiography
IOP  intra-ocular pressure
IPE  iris pigment epithelium
IR  infrared
LogMAR  logarithm of minimal angle of resolution
ONL  outer nuclear layer
OR  odds ratio
ORT  outer retinal tubulation
OSC  hospital Sacro Cuore – Don Calabria
PBS  phosphate-buffered saline
PCV  polypoidal choroidal neovascularization
PDT  photodynamic therapy
PFCL  perfluorcarbon liquid
PVR  proliferative vitreoretinopathy
RAP  retinal angiomatous proliferation
REH  Rotterdam Eye Hospital
RPD  reticular pseudodrusen
RPE  retinal pigment epithelium
RT  room temperature
rTPA  recombinant tissue plasminogen activator
SD  standard deviation
SD-OCT spectral-domain optical coherence tomography
SRF  subretinal fluid
SST  Submacular Surgery Trial
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SRTC  subretinal tissue complex
TBS  trix-buffered Saline
VMA  vitreomacular adhesion
VMT  vitreomacular traction
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