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ABSTRUCT

Age-related macular degeneration (AMD) is the leading cause of legal blindness among the elderly. In
AMD and some other macular diseases, subfoveal choroidal neovascularization (CNV) damages the underly-
ing retinal pigment epithelium (RPE), and because retinal function is dependent on a healthy RPE, vision is
markedly reduced by a subfoveal CNV.

To treat such CNVs, macular translocation surgery has been performed to move the sensory retina from
the damaged RPE to healthier RPE. At present, this surgery is the only possible treatment to improve the
visual acuity of patients with subfoveal CNV.

Macular translocation surgery involves the detachment of the entire retina from the RPE by a subretinal
infusion of fluid and creating a 360° circumferential retinotomy followed by the rotation of the retina. Se-
vere postoperative complications such as recurrent retinal detachment have been reported in about 30% of
the cases after macular translocation.

To determine the efficacy of this surgery, it is necessary to demonstrate an improvement in macular and
overall retinal function objectively as well as subjectively. To this end, we have assessed the changes in vi-
sual function by measuring the visual acuity subjectively, and the macular function objectively by focal
macular ERGs (FERGs). We shall show that there is an improvement in the FERGs in most patients after
retinal translocation surgery but the full-field ERGs were reduced by about 30%. Thus, macular translocation
surgery with 360-degree retinotomy may be feasible for macular function, although some degree of periph-
eral retinal function is lost.
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INTRODUCTION

Age-related macular degeneration (AMD) is the leading cause of legal blindness among the
elderly in industrialized countries. There are two types of AMD; the dry type and the exudative
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or wet type with subretinal choroidal neovascularization (CNV). In AMD, both eyes are usually
affected and have poor visual acuity. Laser photocoagulation1,2 and surgical removal of the
subretinal CNV3,4 have proved to be effective in reducing the severe loss of vision in patients
with the exudative type of AMD. These treatments, unfortunately, damage the underlying retinal
pigment epithelium (RPE) and choriocapillaris that can then lead to alterations of the retina and
loss of reading ability following the atrophy of the RPE.

Selective photocoagulation of the CNV under the fovea by photodynamic therapy is one of
the new promising methods, however, the effectiveness has been demonstrated only for a lim-
ited number of cases.5,6

Other major causes of subretinal CNV are high myopic chorioretinal degeneration,7,8 idio-
pathic polypoidal choroidal vasculopathy9 and angioid streaks. These diseases also resemble
AMD if the CNV exists in the fovea.

Foveal or macular translocation surgery is an operation that moves the fovea from the dis-
eased RPE to healthier RPE10,11 and is currently the only possible treatment that offers improve-
ments in visual acuity after the removal of subfoveal CNVs. Several small case series of macu-
lar translocation surgery have been published12-24 with various modification of the surgical pro-
cedures first reported by Machemer in 1993.25,26 Machemer’s technique involved detachment of
the entire retina from the RPE by means of subretinal infusion of fluids with a 360° circumfer-
ential retinotomy followed by the rotation of macula. During this meticulous manipulation, some
retinal function may be lost although the central visual function may be saved.

To determine the efficacy of this surgical procedure and whether it should be used in se-
lected patients, the improvement in macular and overall retinal function must be evaluated pre-
and postoperatively. To date, only subjective assessments have been made with measurements of
the visual acuity.

PATIENTS AND METHODS

Patients
Patients older than 60 years of age with AMD, with idiopathic polypoidal choroidal

vasculopathy, and patients older than 50 years of age with high myopic chorioretinal degenera-
tion and with new or recurrent choroidal neovascularizations (CNV) that involved the geometric
center of the foveal avascular zone were enrolled for this surgery. Twenty patients have been
operated on to date at the Nagoya University Hospital from March to November, 2000. The
mean follow-up periods after translocation surgery ranged from 1 to 9 months.

This research was conducted in accordance with the institutional guidelines of Nagoya Uni-
versity and conformed to the tenets of the World Medical Association Declaration of Helsinki.
An informed consent was obtained from each patient for the surgery and for the pre- and post-
operative focal macular electroretinograms (FERGs) after providing information on other treat-
ment options including photocoagulation, only removal, and observation alone.

Surgical Methods
Our technique was a modification of the 360° retinotomy method of Machemer,25,26 with

lensectomy and preservation of anterior lens capsule, complete removal of vitreous by pars
plana vitrectomy, and the creation of four separate dome-shaped retinal detachment with
subretinal infusion of balanced salt solution. Fluid-air exchange was performed that led to the
coalescence of the detachments followed by 360° retinotomy at the ora serrata with an auto-
mated scissors. This was followed by the injection of heavy perfluorocarbon liquid, rotation of
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Figure 1.Macular translocation with 360° retinotomy. After the creation of retinal detachment and 360° retinotomy
at the ora serrata, the whole retina was rotated around the axis of optic disc during the injection of heavy
perfluorocarbon liquid.

the whole retina around the axis of optic disc with further injection of perfluorocarbon liquid
during the rotation, endophotocoagulation and silicone oil injection (Figure 1). The operation
time ranged 150 to 270 minutes.

After two to three months, the silicone oil was removed, and an intraocular lens was im-
planted in patients who requested the implantation.

Focal Macular ERGs
To evaluate macular retinal function, focal macular electroretinograms (FERGs) were elicited

by a 15° stimulus under fundus monitoring with an infrared camera before, 1, and 3 months
after silicon oil removal. This corresponded to 6 to 8 months after the translocation surgery in
8 patients who already had undergone silicone oil removal.

The technique of recording, analyzing, and interpreting the clinical significance the FERGs
have been previously described in detail (Figure 2).27-31 Briefly, an infrared television fundus
camera installed with the stimulus light, background illumination, and fixation target, was
mounted to be certain that the stimulus was centered on the macula. A Burian-Allen bipolar
contact lens electrode, used for conventional electroretinographic recordings, was used. This al-
lowed a low noise level and permitted a clear view of the fundus. After the patients’ pupils
were fully dilated with 0.5% tropicamide and 0.5% phenylephrine hydrochloride, FERGs were
elicited by 5 Hz rectangular stimuli (100 msec on, 100 msec off). The center of the stimulus
spot was on the fovea preopertively, and on the translocated fovea postoperatively. A total of
512 responses was averaged by a signal processor. A time constant 0.03 seconds with a 100-Hz
high-cut filter on the amplifier was used to record a-wave, b- wave and oscillatory potentials.
ERGs elicited by this stimulus have been shown to be generated by the cone system, and, for
stimuli <15 degrees, are focal responses.
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Full-field ERGs
Because this surgery involves complex and meticulous surgical procedures, viz., creation of

the retinal detachment, retinotomy at the ora serrata and the photocoagulation of the peripheral
retina to reattach the retina, it was considered necessary to assess the retinal function over the
entire field. To this end, conventional ganzfeld ERGs were recorded after pupil dilatation and
30 minutes of dark-adaptation in 10 consecutive patients. The rod (scotopic) ERG was recorded
with a blue stimulus at an intensity of 5.2 × 10-3 cd/m2. The rod-cone mixed single flash
(bright white) ERG was recorded with a white stimulus at an intensity of 44.2 cd/m2. The cone
and the 30-Hz flicker ERG were recorded with a white stimulus intensity of 4 cd/m2 and 0.9
cd/m2, respectively in both light- and dark-adapted conditions.

RESULTS

Pre- and postoperative fundus photographs and optical coherence tomographic (OCT) images
of the macula of a representative patient are shown in Figure 3. The subfoveal CNV was suc-
cessfully removed with the rotation of the center of the fundus. The mean angles of rotation
was 30.1° ± 2.7°.

Visual acuity
The preoperative best corrected visual acuity (BCVA) ranged from hand motion to 0.4, and

the postoperative BCVA ranged from 0.08 to 0.4 in twelve eyes with AMD, 0.1 to 0.8 in 6
eyes with high myopic choroidal atrophy and 0.1 to 0.7 in 2 eyes with PCV (Figure 4).

Figure 2.Focal macular electroretinograms were recorded from the geographical center of the macula before sur-
gery. After surgery, the stimulus spot was set on the macula on new underlying RPE. Waveforms in the
right were those in a normal subject.
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Figure 3.Fundus photograph and optical coherence tomographic (OCT) images of the macula from a representative
patient with subretinal CNV which was successfully removed with the rotation of the center of the fun-
dus. Best corrected visual acuity increased from 0.06 to 0.7.

Figure 4. Pre- and post-operative BCVA. (Best corrected visual acuity)
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Macular retinal function
The pre-and postoperative amplitudes and implicit times of the a-, and b-waves were com-

pared for each eye. Before the operation, the amplitude of the a- and b-waves and the oscilla-
tory potentials (OPs) were markedly reduced compared with that of normal eyes. The implicit
times were delayed for the two components of the FERGs postoperatively. The summed OP
amplitudes before and after surgery were too small to evaluate.

After surgery, there was a relative increase in the amplitude of both the a- and b-waves in 5
of 8 patients (Figure 5).

Full-field Retinal ERGs
Full-field ERGs in a representative case and those in a normal subject were shown in Figure

6. The mean amplitude of the full-field ERGs was reduced after surgery by 37.2% for the rod
response, by 22.2% for the mixed rod-cone response b-wave, by 33.6% for the single flash
cone b-wave and by 50.1% for the 30 Hz flicker response in the light adapted state. The mean
amplitude was reduced by 11.8% in single flash cone ERG b-wave, and by 33.6 % in 30 Hz

Figure 5. Increase in amplitude of a- and b- wave of focal macular ERG was demonstrated in 5 of 8 patients.
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flicker response in the dark-adapted states. The implicit times was delayed for all components
of the full-field ERGs postoperatively.

COMMENTS

Our results demonstrated that retinal translocation surgery preserved or improved visual acu-
ity in 17 of 20 eyes (85%). Macular retinal function was improved in 5 of 8 eyes as shown by
the FERGs elicited by a 15 degree stimulus spot which covered almost the entire macular area.
The full-field retinal function, however, was reduced by 12-50% for both rod and cone func-
tions after surgery.

Histopathologically, Machemer and Steinhorst demonstrated with scanning and transmission
electron microscopic studies the remarkable intactness of the outer segments of rod and pigment
epithelium after the creation of an acute retinal detachment.25 They stated that the ultrastructural
changes were different from those following a slower course of experimental detachment. Our
finding of reduced peripheral retinal function may be caused partly by the loss of peripheral
retina by the retinotomy and the 5 rows of endophotocoagulation to fix the peripheral retina.
However, the function of the more posterior retina may be relatively well preserved in the ma-
jority of patients.

Imai et al32 reported on the histological and electrophysiological results on rabbit eyes after
limited retinal translocation. Their study demonstrated mild morphological damage to the outer
retinal layers and normal morphology of the inner layers, although the results on the rabbit eye

Figure 6.Full-field ERGs in a representative patient before and after macular translocation surgery and those in a
normal subject. After surgery, the amplitude of the full-field ERGs was reduced by 38.1% for the rod re-
sponse, by 10.8% for the mixed rod-cone response b-wave, and by 50.0% for the 30 Hz flicker response
in the light adapted state. The amplitude of cone response in the light adapted state was unchanged. Im-
plicit times in all components were delayed.
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might be exaggerated because of the avascular retina. They reported that there was some de-
crease in the vertical alignment of the photoreceptors, as well as some loss of their outer seg-
ment disks. The dark-adapted ERG responses suggested a transient reduction in retinal function.
Their data showed a 70% reduction in the b-wave on the third postoperative day that improved
to a 30% reduction on 14 postoperative day. In the vascularized retina of primates, on the other
hand, there is good recovery after retinal detachment.28 In this study, the light-adapted cone b-
wave was reduced by about 30%, while the dark-adapted cone b-wave was reduced by 12%
after translocation surgery. In the light-adapted state, the full-field cone ERG represents only
cone function, while in the dark-adapted state, the cone function is believed to be suppressed
by rod as by cone-rod interaction.33 The difference in the reduction ratio between the light-
adapted and dark-adapted states may result from a decreased suppression from the reduced rod
function. The condition that both rod and cone were reduced diffusely after surgery may be the
incidental clinical model that support the hypothesis of cone-rod interaction in the dark- and
light-adapted states. Severe postoperative complications such as recurrent retinal detachment have
been reported in about 30% of the cases after macular translocation although none of our pa-
tients had any complications. If the fetal complication is avoidable technically, macular translo-
cation with a 360° retinotomy may be feasible from the aspect of macular retinal function, al-
though a certain degree of peripheral retinal function will be lost.
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