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Abstract
Aim—To describe a new surgical tech-
nique for foveal relocation, and to report
the outcome in nine patients treated with
this procedure.
Methods—Nine consecutive patients with
subfoveal choroidal neovascular mem-
branes (CNVMs) secondary to age related
macular degeneration underwent foveal
relocation surgery by redistribution of the
neurosensory retina (RNR). The tech-
nique involved induction of a retinal
detachment via a single retinotomy, relo-
cation of the fovea by “sweeping” the reti-
nal tissue with a retinal brush, and
stabilisation of the retina in its new
location using perfluorocarbon liquid per-
operatively and silicone oil postopera-
tively.
Results—In eight of nine eyes successful
relocation of the fovea was achieved; in
one eye the CNVM remained in a sub-
foveal location postoperatively. Visual
acuity improved in two eyes, remained
unchanged in three, and decreased in four
eyes after a median follow up of 4 months
(range 2.5–6 months). Complications in-
cluded rupture of a foveal cyst with the
development of a macular hole in one eye
and epimacular membrane formation in
another eye. In two eyes, macular retinal
vessel closure occurred at the time of laser
photocoagulation; one of these eyes later
developed cystoid macular oedema and
the other an epiretinal membrane. Recur-
rence of the CNVM was observed in one
eye, but was controlled with further laser
treatment.
Conclusions—Foveal relocation by RNR
appears to be feasible, obviating the need
for extensive retinotomies or scleral
shortening.
(Br J Ophthalmol 2000;84:352–357)

Randomised controlled clinical trials have
demonstrated the value of laser photocoagula-
tion for the treatment of well defined extra-
foveal, juxtafoveal, and subfoveal choroidal
neovascular membranes (CNVMs).1–5 How-
ever, only a small proportion of patients with
age related macular degeneration (ARMD)
and CNVM meet the Macular Photocoagula-
tion Study (MPS) criteria for laser treatment.
Furthermore, although long term benefit from
laser photocoagulation has been shown in cases
of subfoveal CNVM, permanent visual loss
invariably occurs following this procedure.3–5

The limitations of laser photocoagulation for
the treatment of subfoveal CNVM in the con-

text of ARMD have prompted investigators to
search for alternative forms of treatment.
Thus, radiation6–8 and photodynamic
therapy9–11 are under study. The initial enthusi-
asm for the surgical excision of subfoveal
CNVM in ARMD has been dampened by the
disappointing visual results often obtained
using this technique.12–15 This form of therapy
is also being evaluated in a prospective
randomised multicentre clinical trial.

In 1993 Machemer and Steinhorst16 17 pro-
posed a new surgical approach to the manage-
ment of subfoveal CNVM. By creating a total
retinal detachment (RD) and using a 360
degree peripheral retinotomy, they were able to
move the fovea to an area of healthy retinal
pigment epithelium (RPE) and choroid, away
from the CNVM. Although the idea appeared
to be very promising, complications associated
with the surgical procedure were common.
Two of the three patients reported developed
retinal detachment and proliferative vitreo-
retinopathy (PVR) impairing the final visual
outcome. Since this initial description, several
attempts have been made to try to reduce the
diYculty of, and complications arising from,
the surgical procedure.18–23 Ninomiya and
associates18 proposed the use of a 180 degree
retinotomy in order to limit the area of exposed
RPE and thus to reduce the risk of subsequent
PVR. Scleral shortening techniques by scleral
resection20 or imbrication23 have also been used
to obtain the retinal redundancy required to
translocate the fovea and to avoid the need for
large retinotomies.

Spectacular improvements in visual acuity,
as observed in several patients after macular
relocation surgery20–22 but never achieved using
other forms of therapy, have encouraged vitreo-
retinal surgeons to develop safer and more pre-
dictable surgical techniques. In this report, we
present a novel surgical procedure for foveal
relocation. The technique is based on the prin-
ciple that redundancy of retinal tissue, required
to displace the fovea, can be obtained by redis-
tribution of the neurosensory retina with no
need for scleral shortening or relieving retinal
incisions. Results obtained in nine consecutive
patients with subfoveal CNVMs managed by
this technique are presented.

Patients and methods
Nine consecutive patients with subfoveal
CNVMs secondary to ARMD underwent
foveal relocation surgery by the technique of
redistribution of the neurosensory retina
(RNR). All patients met the following inclu-
sion criteria: (1) subfoveal classic CNVM, with
or without an occult component, (2) symp-
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toms of decreased visual acuity present for less
than 8 months, (3) visual acuity of 6/18 or
worse, (4) signs of ARMD, such as drusen, in
the aVected and/or in the fellow eye, and (5)
absence of marked and diVuse RPE changes in
the macula.

There were seven females and two males
with a median age of 71 years (range 54–81
years). The median duration of symptoms was
4 months (range 1–8 months). Preoperative
characteristics of the patients are summarised
in Tables 1 and 2. Preoperative best corrected
visual acuity in the operated eye ranged from
6/18 to 2/60. Visual acuity in the fellow eye was
better than in the operated eye in four patients,
whereas in five patients the fellow eye had the
worse visual acuity. In eight eyes fluorescein
angiography disclosed a classic CNVM,
whereas in one eye (patient 4) an occult
component was also present. The median size
of the classic component of the CNVM was 2
MPS disc areas (range 1–9 MPS disc areas).
No patient had previously undergone laser
treatment to the CNVM.

Best corrected visual acuity, measured with
Snellen visual acuity charts, intraocular pres-
sure (IOP), anterior segment findings on slit
lamp examination and posterior segment find-
ings on slit lamp biomicroscopy, and indirect
ophthalmoscopy were assessed preoperatively
and postoperatively. In addition, colour fundus
photography and fluorescein angiography were
performed preoperatively and during the
course of follow up. The follow up period was
considered as the time between the foveal relo-
cation surgery and the last follow up visit.
Patients were followed for 2.5–6 months
(median 4 months).

Foveal relocation surgery was considered to
be successful when the CNVM was no longer
in a subfoveal location, based on slit lamp
biomicroscopy and fluorescein angiography.

SURGICAL TECHNIQUE FOR RNR

A three port pars plana vitrectomy was
performed, including detachment and excision
of the posterior hyaloid when necessary. The

Table 1 Demographics, preoperative characteristics, visual outcome, and follow up in nine patients with subfoveal choroidal neovascular membranes
undergoing foveal relocation surgery

Patient Age Sex AVected eye
Duration
symptoms

Follow up
(months)

Visual acuity*

Choroidal type

Neovascular
membrane size
(MPS disc
areas)†

Preoperative Postoperative

Distance Near Distance Near

1 70 F LE 4 5 6/60 N36 6/24 N12 Classic 1
2 54 F RE 6 6 6/18 N24 6/60 N24 Classic 1
3 79 F RE 8 4 6/36 NA 6/36 N18 Classic 9
4 69 F LE 2,5 4 6/24 NA 6/12 N6 Classic and occult 2
5 73 F LE 1,5 2,5 6/36 N18 6/36 NA Classic 3
6 71 F RE 4 4,5 2/60 N36 2/60 N36 Classic 3
7 81 M RE 1 4 6/18 N24 2/60 NA Classic 2
8 70 F LE 3 3 6/18 N24 1/60 NA Classic 1
9 77 M RE 5 4 6/18 N14 3/60 N36 Classic 2

*Best corrected visual acuity, †size of the classic component, NA = not available.

Table 2 Complications in nine patients with subfoveal
choroidal neovascular membranes undergoing foveal
relocation surgery

Patient Complications

1 None
2 Vessel occlusion, CMO
3 RPE changes
4 None
5 RPE changes
6 Macular hole
7 InsuYcient translocation
8 ERM
9 Vessel occlusion, ERM, recurrence of CNVM

CNVM = choroidal neovascular membrane, CMO = cystoid
macular oedema, ERM = epiretinal membrane, RPE = retinal
pigment epithelium.

Figure 1 Scheme representing the manoeuvre used to
achieve a total retinal detachment. Once detachment of one
quarter to one third of the retina was obtained by infusion
of saline into the subretinal space, the air filled eye was
subjected to a gentle rocking motion (arrows) (top). The
inertia created by the weight of the subretinal fluid (bottom)
was used to extend the detachment “tidally”.
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vitreous base was then tightly trimmed using a
bimanual technique of deep indentation. A
localised retinal detachment was induced using
a 32 gauge infusion cannula (Lambert subreti-
nal injector, Visitec, Sarasota, FL, USA) via a
single retinotomy located in the postequatorial
retina anterior to the superotemporal major
vascular arcade. Saline solution was used for
the subretinal infusion, which was continued
until one quarter to one third of the retina was
detached. At this point, a fluid-air exchange
was performed, resulting in posterior seques-
tration of subretinal fluid. All preretinal fluid
was evacuated, and the eye was subjected to a
gentle rocking motion (Fig 1 (top)). The
weight of the subretinal fluid in the air filled
eye produced an inertia when the eye was agi-
tated (Fig 1 (bottom)) which was used to
extend the detachment “tidally” into the
macula and to achieve a total retinal detach-
ment. Most of the subretinal fluid was then
evacuated by internal drainage, which was
achieved, in most cases, using the same
retinotomy site. With the vitreous cavity filled
with fluid and the macula only shallowly
detached, the fovea was relocated by gently
“sweeping” the retinal tissue with a retinal
brush (Grizzard vitreoretinal brush, Visitec,
Sarasota, FL, USA) (Fig 2). The decision to
move the retina either upwards or downwards
was made based on the appearance of the RPE
on preoperative slit lamp biomicroscopy, fluo-
rescein angiography, and on the distance from
the centre of the fovea to the margin of the
CNVM. Thus, when possible, the fovea was
moved to an area with “healthy looking” RPE
using the least amount of retinal movement
that would allow clearance of the fovea from
the CNVM. When the fovea appeared to be
suYciently far from the CNVM to permit
postoperative laser photocoagulation of the
CNVM without damaging the fovea, per-
fluorocarbon liquid (PFCL) (F-octane,
Fluoron GMBH, Neu-Ulm, Germany) was
injected in order to maintain the retina in its
new location. The surgery was completed with
a direct silicone oil/PFCL exchange. Postop-
eratively, the CNVM was treated with argon
green laser and, later, the silicone oil was
removed. The latter procedure was combined

with phacoemulsification and intraocular lens
implantation in all nine patients. Phacoemulsi-
fication and silicone oil removal were per-
formed at a median time of 7 weeks (range
4–12 weeks). The median time between
phacoemulsification and silicone oil removal
and the last follow up visit was 7 weeks (range
1–20 weeks).

Results
The fovea was successfully relocated intraop-
eratively in eight of nine eyes. In one eye
(patient 7) slippage occurred during PFCL-
silicone exchange. Rupture of a central foveal
cyst in one eye (patient 6) with pre-existing
cystoid macular oedema (CMO) resulted in a
full thickness macular hole.

Postoperatively, the CNVM was juxtafoveal
or extrafoveal in eight eyes (Figs 3–5), and
remained subfoveal in one (patient 7). In all
but one eye (patient 7) photocoagulation could
be applied to the CNVM after foveal relocation
surgery. In two eyes (patients 2 and 9), closure
of a macular retinal vessel occurred at the time
of laser photocoagulation. In one eye (patient
9) recurrence of the CNVM was detected 2
months after laser treatment, and required and
was controlled with further photocoagulation
(Table 1). In one eye (patient 4) an area of per-
sistence of CNVM in the non-foveal side was
appreciated; this area remained stable during
the follow up requiring no further treatment.

Figure 2 Using a retinal brush the shallowly detached
fovea was relocated by gently “sweeping” the retinal tissue.

Figure 3 (A) Preoperative fluorescein angiogram of the
left eye of patient 1, showing dye leakage from a classic
subfoveal CNVM. A halo of hypofluorescence corresponded
to a ring of hyperpigmentation on fundus examination. The
centre of the fovea was located within the pigmented ring
(arrowhead). (B) Postoperatively, the CNVM was
extrafoveal (arrowhead indicates site of fovea after
relocation).
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Slit lamp biomicroscopy and fluorescein angio-
graphy disclosed RPE changes, not seen
preoperatively, in two patients (patients 3 and
5). In the other seven cases no major changes
in the RPE were detected when comparing
preoperative and postoperative fluorescein an-
giograms.

At the last follow up visit, visual acuity had
improved in two eyes, remained the same in
three eyes, and worsened in four eyes. Other
complications observed during follow up in-
cluded epiretinal membrane (ERM) formation
at the macula in two eyes (patients 8 and 9),
and CMO in one (patient 2).

Discussion
Although macular relocation surgery appears
to be a promising method of treatment for sub-
foveal CNVM, the procedure can be associated
with a number of complications. One of the
most devastating complications is the occur-
rence of proliferative vitreoretinopathy
(PVR).17 18 PVR has been observed frequently
(33%–43%) after 360 degree and 180 degree
retinotomies,17 18 24 and appears to be related to
the extent of exposure of the RPE. However, in
a recent study by Eckardt and associates25 (in
which macular rotation was achieved in 30
patients by using a 360 degree retinotomy),
retinal detachment occurred in five patients,
and PVR in only three. The low rate of PVR in
this series could be related to very thorough
trimming of the vitreous base, to the perform-

ance of a 360 degree retinotomy in the extreme
peripheral retina (which may have led to mini-
mal dispersion of RPE cells into the vitreous
cavity), and/or to other unidentified factors.
The use of 360 degree retinotomy, however,
produces torsional diplopia and requires ex-
traocular muscle surgery.25 This adds to the
complexity and the length of the surgical
procedure.

In order to reduce the rate of complications
and the need for large retinotomies, scleral
shortening techniques have been devised as an
alternative option in order to create redundant
retinal tissue for foveal displacement.20–23 In
these procedures retinal redundancy is ob-
tained by scleral resection or imbrication. The
retina is left detached at the end of the surgery
and a bubble of air or gas, which partially fills
the vitreous cavity, is injected. While the retina
is detached the weight of the subretinal fluid
and the flotation force of the bubble of air or
gas tends to create inferior retinal redundancy
while the patient is sitting up. Superior foveal
displacements are more diYcult to achieve
using these surgical techniques. Although scle-
ral shortening techniques appear to be safer
than large retinotomies, complications still
exist. Tilting and distortion of the image can
occur, although these symptoms are usually
transient and not problematic for the patient.
Retinal detachment and retinal folds involving
the fovea, which usually require additional sur-
gery, have been reported.20–23

Figure 4 Preoperative fluorescein angiogram of the right eye of patient 3 with a very large classic subfoveal CNVM.
Early (A) and late (B) frames of the angiogram are shown. Arrowhead indicates the site of the fovea. (C) Postoperatively,
the fovea (large arrowhead) was relocated superonasally. Note the superonasal displacement of the retinal vessels (arrows),
and the area of hyperfluorescence which corresponded to RPE changes observed on slit lamp biomicroscopy (small
arrowheads). (D) Two weeks after photocoagulation, closure of the CNVM was noted.
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In the present series foveal relocation by
RNR was performed in nine consecutive
patients. The surgical technique is based on
the principle that retinal redundancy can be
obtained by redistribution of the retinal tissue,
with no need for scleral shortening or relieving
retinal incisions.26 The fact that retinal folds are
not always observed after macular relocation
surgery, whichever the technique employed,
led us to conclude that a degree of stretching
and/or compression of the retinal tissue was
taking place. We have referred to this phenom-
enon as tissue redistribution,26 and we have
used it as the basis for the current surgical
approach. Our observation has been supported
recently by de Juan and Vander27 who were able
to achieve foveal displacement in one patient in

whom macular relocation surgery did not
involve relieving retinal incisions or scleral
shortening.

A single retinotomy was used to detach the
retina in all but one case in which rupture of a
foveal cyst allowed passage of subretinal saline
into the vitreous cavity preventing the detach-
ment of the retina beyond that limit. In this
patient, an additional retinotomy was required
to produce a complete retinal detachment. In
all cases the infusion retinotomy was sited
anterior to the superotemporal vascular ar-
cade. Initially, the force used to detach the
retina was the hydrostatic pressure from the
saline infusion. The saline infusion into the
subretinal space was purposely stopped before
the retinal detachment involved the macula,
since attempts to detach the macula by hydro-
static pressure may lead to full thickness macu-
lar hole formation. Completion of the retinal
detachment was achieved by a gentle rocking
motion of the eye and a “tidal” progression of
the detachment into the macula (Fig 1
(bottom)) using the inertia exerted by the sub-
retinal fluid in the air filled eye.

Displacement of the fovea was achieved by
using a retinal brush and by “sweeping” the
slightly detached retinal tissue. Mild damage to
the RPE was observed in two eyes on fundus
examination and fluorescein angiography, pos-
sibly as a result of this retinal “sweeping”. It
should be noted that, although displacement of
the neurosensory retinal was invariably ob-
served following the retinal “sweeping”, a ten-
dency for the retina to return to its original
anatomical position was also seen, even after
PFCL was injected. To overcome this “posi-
tional memory” it was necessary to gently
stroke the retina for several minutes until no
reverse sliding movement was appreciated. In
this regard, it appeared that stabilisation of the
retina in its new location was related not only
to the gravitational eVect of the PFCL but also
to other factors such as the evacuation of fluid
from the subretinal space by the RPE pump.

It has been shown that after surgical removal
of CNVM in ARMD the postoperative area of
bare RPE appears to be greater than the vascu-
lar net observed in fluorescein angiography.12 13

Similarly, the absolute scotoma produced by
the presence of a CNVM appears to be smaller
than that observed after the surgical removal of
the neovascular complex.28 29 These findings
may suggest that surgical removal of the
CNVM may be accompanied by removal of
surrounding RPE and/or photoreceptors. For
this reason we elected to treat the CNVM,
postoperatively, with laser rather than to
remove it at the time of the surgery.

All forms of macular relocation surgery
involve detachment of the neurosensory retina
from the RPE. A degree of RPE cell dispersion
may occur during this manoeuvre which could
increase the risk of PVR. In the current series
retinal detachment complicated by PVR was
not encountered. Several factors may have
influenced this favourable outcome. Thus, the
slow and “gentle” detachment of the retina,
obtained by the rocking technique described
above, may have liberated fewer RPE cells from

Figure 5 (A) Preoperative fluorescein angiogram of the
left eye of patient 4 showing a subfoveal CNVM. A classic
and an occult (arrows) component were present. (B)
Postoperatively, the CNVM was extrafoveal (arrowhead
indicates relocated fovea). (C) Two weeks after laser
treatment, incomplete closure of the CNVM was
observed—that is, an area of persistence of CNVM in the
non-foveal side was appreciated but remained stable with
no further treatment during the follow up.
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Bruch’s membrane. The use of a single small
retinotomy for infusion, the exchange of
preretinal fluid with air, and the injection of
PFCL may have been important factors in
minimising the seeding of any dispersed RPE
cells into the retinal surface. Silicone oil was
used to provide temporary postoperative tam-
ponade; the clear media obtained by using sili-
cone oil also allowed early postoperative
assessment of the CNVM by fluorescein
angiography and photocoagulation treatment.

A number of complications were observed
which limited, in some cases, the potential for
visual improvement. In two eyes, macular reti-
nal vessel closure occurred at the time of laser
treatment. Since laser photocoagulation had to
be performed through the bubble of silicone
oil, it was thought that this complication could
be related to an increased laser uptake by the
retina related to the lack of thermal conductiv-
ity through the silicone oil. In these two eyes,
failure of improvement in visual acuity also
appeared to be related to the later development
of cystoid macular oedema in one eye and an
ERM in the other.

In conclusion, foveal relocation by RNR
appears to be a technically feasible alternative
to other published techniques. However, al-
though no PVR was observed, other complica-
tions occurred. Only two of the nine patients in
this series experienced an improvement in
visual acuity, but further refinements in the
surgical technique and better selection of cases
may improve visual outcomes in the future.

We would like to thank James McGalliard, Carl Groenewald,
and Simon Harding for their support. We also appreciate the
support and advice given by many ophthalmologists from UK
and other countries who visited St Paul’s Eye Unit to observe
our technique for foveal relocation.
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