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Abstract
Aims/background—To evaluate macular
changes following surgical excision of
subfoveal choroidal neovascular mem-
branes (CNVs) in age-related macular
degeneration (AMD).
Methods—The clinical records, fluores-
cein angiograms, and CNV histopathology
of 12 patients with AMD who underwent
surgical excision of subfoveal CNV were
reviewed.
Results—New areas of decreased chorio-
capillaris perfusion were noted by fluores-
cein angiography in the previous location
of the CNV in 8/12 (75%) cases. Surgically
excised tissue contained retinal pigment
epithelium (RPE) in 11/11 specimens and
choriocapillaris in 1/11 specimen studied.
Conclusions—Choriocapillaris atrophy
may partly underlie the limited visual
outcome following subfoveal surgery for
AMD. Abnormal choriocapillaris per-
fusion following CNV excision may be due
to pre-existing choriocapillaris atrophy, to
choriocapillaris damage or removal at the
time of surgery, or to RPE removal at sur-
gery with abnormal RPE repopulation of
the dissected area and subsequent chorio-
capillaris degeneration.
(Br J Ophthalmol 1997;81:481–489)

The Macular Photocoagulation Study Group
(MPS) showed that laser photocoagulation is
better than no therapy for selected extra-,
juxta-, and subfoveal choroidal neovascular
membranes (CNVs) in age-related macular
degeneration (AMD).1–5 Two to 5 years after
treatment, however, the visual outcome is poor,
usually ranging from 20/100 to 20/400, and the
cumulative rate of CNV persistence and recur-
rence is high, ranging between 50 and 60%.5–8

Furthermore, many patients are not eligible for
laser treatment.
Limitations in laser therapy have stimulated

interest in alternative treatments for exudative
AMD such as á interferon therapy, teletherapy,
and surgical excision of CNVs.9–14 Visual
recovery following surgery for subfoveal CNV
in patients with AMD is disappointing. Results
from uncontrolled series indicate that few
patients experience substantial visual improve-
ment, many are unchanged, and some see
worse following CNV excision.9–12 Lack of sub-
stantial improvement after surgery could be
due to preoperative retinal degeneration in-
duced by the exudative process, trauma during

CNV excision, postoperative retinal and retinal
pigment epithelial (RPE) changes, or some
combination of these factors.
We reviewed the clinical records, including

serial fluorescein angiograms and the histopa-
thology of the excised tissue, of 12 patients
with AMD who underwent surgical excision of
subfoveal CNVs to try to determine the aetiol-
ogy of the poor visual outcome in these cases.

Materials and methods
The clinical records of all patients who under-
went surgical excision of subfoveal CNVs
between January 1991 and August 1993 were
reviewed. All patients had visual acuity <20/
200 secondary to subfoveal CNV in the setting
of AMD. Each patient was oVered the option
of observation, laser treatment if eligible
according to MPS criteria, referral for á inter-
feron therapy, or surgical CNV excision. All
patients underwent pre- and postoperative
evaluations which included measurement of
best corrected visual acuity using Snellen and
Bailey–Lovie charts and serial fluorescein
angiography. Visual acuity was assessed by
individuals experienced in low vision refraction
who were not part of the surgical team. Two of
the 14 patients who underwent submacular
surgery were excluded from this report. One of
the two patients developed a retinal detach-
ment involving the macula before a postopera-
tive angiogram was obtained, and one patient
developed a recurrent CNV 7 weeks after sur-
gery and is the subject of a separate report.
Impaired choriocapillaris perfusion was judged
to be present if choriocapillaris filling was
delayed until the early venous filling phase of
the angiogram and non-perfusion was judged
to be present if the filling defect persisted into
the late venous phase of the angiogram. CNV
dimensions were recorded by measuring the
largest horizontal and vertical dimensions of
the CNV as determined with a reticle and the
preoperative fluorescein angiogram. The hori-
zontal diameter of the optic disc was assumed
to be 1500 µm. Specimens from 11 eyes were
studied histologically. One specimen was lost
during processing.

SURGICAL TECHNIQUE

All patients were operated on by the same sur-
geon (MAZ) using the approach described by
Thomas and Kaplan.15 A conventional three
port vitrectomy was performed. The posterior
hyaloid was excised in all but two cases (nos 2,
4). The retina overlying the superior edge of
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the CNV was diathermised in most cases to
provide immediate access to the CNV upon
entering the subretinal space. A small amount
of balanced salt solution (less than 0.5 ml) was
injected into the subretinal space to ensure
there were no retina-CNV adhesions and to
protect the sensory retina during the dissection
and removal of the CNV. If adhesions were
encountered (cases 2, 4, 5, 7), the sharp edge of
a bent 1.5 inch 30 gauge needle was used to
separate the retina and CNV. Despite this
manoeuvre, macular hole (<100 µm) forma-
tion not involving the centre of the fovea
occurred in three cases (nos 2, 4, 7). If a well
defined edge of the CNV was visible, it was
grasped and elevated with intraocular forceps.
If an edge was not apparent, the RPE overlying
the superior edge of the CNV was incised with
the tip of the bent 30 gauge needle to develop a
cleavage plane between the CNV and adjacent
tissue using the projected preoperative fluores-
cein angiogram to direct the incision. With the
edge of the CNV grasped, gentle side to side
traction was applied, and the CNV separated
gradually from the surrounding RPE. CNV
excision was performed while the intraocular
pressure was elevated suYciently to produce
central retinal artery pulsation for no longer
than 10 minutes. CNV excision was associated
with mild bleeding in two cases (nos 11, 12).
One patient (case 11) used coumadin for
chronic atrial fibrillation (PT/PTT = 14/32
preoperatively (normal 10–13/24–39)), and
choriocapillaris was present in the excised
tissue. In two cases (nos 7, 8) subretinal blood
was present preoperatively, and some remained
at the end of surgery despite attempts to wash
it out. Tissue plasminogen activator (TPA) was
infused subretinally (50 µg/0.1 ml, 0.05 ml
used) to evacuate significant subretinal blood
in one case (no 8).
The CNV was removed as a single piece of

tissue in all cases. The configuration of the
excised tissue bore a remarkable resemblance
to the entire CNV as judged by the preopera-
tive fluorescein angiogram, including both
classic and occult components. Usually, the
vitreous cavity was washed out for 3–5 minutes
to remove any liberated RPE. A fluid-air
exchange was performed flattening the retina
completely. In most cases (nos 1–9), endolaser
treatment was applied around the retinotomy,
and a non-expansile concentration of SF6

(phakic patients) or C3F8 (pseudophakic
patients) gas was injected to tamponade the
retinotomy. In more recent cases (nos 10–12)
we did not use laser around the retinotomy but
used air tamponade only. All patients main-
tained a strict face down posture postopera-
tively until the gas bubble resorbed.

CNV HISTOLOGY AND ULTRASTRUCTURE

For light microscopy, six specimens were fixed
in formol-saline and embedded in paraYn.
These samples were sectioned for routine
staining with periodic acid-SchiV and haema-
toxylin and eosin. For transmission electron
microscopy, five of the six paraYn embedded
specimens were trimmed and dewaxed with
several changes of xylene. Following hydration,

samples were placed in half strength Kar-
novsky fixative (2% paraformaldehyde, 2.5%
glutaraldehyde) overnight. Five additional
specimens were fixed initially in formol-saline
followed by immersion in half strength Kar-
novsky fixative. Routine postfixation and em-
bedding of all tissue was as follows. Samples
were rinsed with several changes of phosphate
buVered sucrose and postfixed in 2% osmium
tetroxide. This was followed by rinsing in the
same buVered sucrose, dehydration in ethanol,
and infiltration into Epon. Tissue was poly-
merised for 2 days in a 60°C oven. For light
microscopy, semithin sections were stained
with toluidine blue. For transmission electron
microscopy, specimens were thin sectioned on
a RMC MT-7 ultramicrotome, and sections
were placed onto large slot grids. Grids were
stained with uranyl acetate and lead citrate.
Samples were examined and photographed on
a Zeiss EM 10C electron microscope.

Results
The study group includes 10 men and two
women, all white, ranging in age from 61 to 83
years (mean 73 years). The duration of visual
symptoms varied from 1 week to 9 years
(median 4 months; mean 21 months). All
patients had subfoveal CNV with an exudative
macular detachment due to AMD, and in all
cases the preoperative visual acuity was
< 20/200. No CNV had been previously
treated with laser. Preoperative angiograms
revealed CNV composed of classic and occult
components (cases 1, 3, 6, 9–12), disciform
scars (cases 2, 4, 5), or blocked fluorescence
from blood (cases 7, 8). In some cases (nos 2,
4, 5, 7) adhesions between the fovea and CNV
were evident at the time of surgery. Postopera-
tive follow up averaged 9 months (range 3–21
months) and was greater than 6 months in all
but one patient (case 12) who was lost to follow
up.
Three cases (nos 1, 6, 8) exhibited normal

subfoveal choriocapillaris perfusion postopera-
tively. Case 2 demonstrated normal subfoveal
choriocapillaris perfusion 1 month after sur-
gery but developed a macula oV retinal detach-
ment and a cataract which precluded further
evaluation of choroidal perfusion.
Abnormal choroidal perfusion was noted in

the bed of dissection in eight patients postop-
eratively (Table 1). One of these patients (case
7) demonstrated delayed choriocapillaris fill-
ing. The remaining seven patients (cases 3–5,
9–12) exhibited areas of non-filling of the cho-
riocapillaris as well as areas in which filling was
delayed. In two cases (nos 10, 12), choriocapil-
laris filling was documented to be normal 4
days postoperatively but was abnormal by 6
weeks after surgery (Figs 1 and 2). In one of
these cases (no 12), only part of the area previ-
ously occupied by the CNV displayed chorio-
capillaris perfusion delay (Fig 2 (15)). One
case (no 11) disclosed choriocapillaris atrophy
near the retinotomy 3 days after surgery. This
area showed choriocapillaris non-perfusion on
fluorescein angiography. In the remainder of
the dissection bed, choriocapillaris perfusion
was unremarkable at this time. By 6 weeks after
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surgery, additional areas of choriocapillaris
non-perfusion were evident on fluorescein
angiography. The tissue excised from this
patient showed choriocapillaris at one edge of
the specimen (see below).
These perfusion abnormalities were present

in seven of the eight (88%) patients by 6 weeks
postoperatively. In the one case (no 5) where
this was not observed, the first postoperative
angiogram was obtained at 3 months. In all
patients, the perfusion abnormalities in areas
previously occupied by the CNV were confined
to the choriocapillaris. In contrast, choroidal
non-perfusion involving small and medium
sized vessels regularly accompanied areas of
laser treatment surrounding the retinotomy. As
proved by comparison with the preoperative
fluorescein angiogram, choriocapillaris filling
defects developed in areas more than 1000 µm
from the edge of laser treatment. Because the
edge of the CNV can be grasped firmly near
the retinotomy, surgical instruments were not
introduced more than 750 µm into the subreti-
nal space.
The excised CNVs ranged in size from 1500

× 1300 µm2 to 5400 × 6000 µm2 (mean 3300 ×
3300 µm2). Impaired choriocapillaris filling
developed even when the excised CNV was less
than 1500 µm in diameter. There was no clear
correlation between CNV size, duration of
symptoms, or degree of CNV fibrosis and the
development of abnormal choriocapillaris per-
fusion.
At the time of the most recent fluorescein

angiogram, best corrected visual acuity had
improved by two lines or more (on the Bailey–
Lovie chart) in three patients (cases 1, 5, 12),
was unchanged in five patients (cases 3, 7, 8,
10, 11), and had decreased by two or more
lines in four patients (cases 2, 4, 6, 9). There
was no correlation between visual outcome and
the presence of choroidal perfusion defects, but
in the two cases (nos 5, 12) that showed visual
improvement and had abnormal subfoveal
choriocapillaris filling, the final visual acuity
was < 20/200, which is compatible with extra-
foveal fixation.

Regarding surgical complications, two eyes
(cases 2, 4) developed postoperative retinal
detachment with proliferative vitreoretinopa-
thy (grade CP-2), each at 6 weeks. The poste-
rior hyaloid was not excised in these cases. This
fact motivated excision of the posterior hyaloid
face and washout of the vitreous cavity before
fluid-gas exchange in all subsequent cases. A
peripheral retinal detachment associated with a
dialysis in the meridian of the superonasal scle-
rotomy occurred in one case (5). All patients
underwent anatomically successful retinal reat-
tachment surgery. Subsequently, one patient
(case 4) lost light perception following an oph-
thalmic artery occlusion.
The specimen from one case (no 7) with

choriocapillaris perfusion abnormalities was
lost during tissue processing. Material was
available for light microscopy in 11 cases and
for ultrastructural analysis in 10 cases. Because
of inadequate fixation, one specimen (case 3)
was judged unsuitable for ultrastructural study
but showed RPE, thickened Bruch’s mem-
brane, and collagen on light microscopy. In the
remaining cases, ultrastructural analysis con-
firmed light microscopic findings and revealed
RPE, associated basal laminar deposit, RPE
basement membrane, and both fibrillar and
wide spaced collagen in all specimens (Table 2
and Figs 3–5). Fibrous tissue constituted a
substantial portion of each specimen. En-
dothelium lined vascular channels were present
in eight specimens (nos 2, 4, 5, 8–12) and con-
tained mononuclear inflammatory cells in sev-
eral cases (nos 4, 9, 11). Vessels were present
both internal and external to the RPE layer and
were surrounded by a dense collagenous
meshwork. Portions of inner Bruch’s mem-
brane, defined as material present internal to
the elastic lamina up to but not including the
RPE basement membrane, were present in six
specimens (nos 1, 2, 4, 5, 8, 11). In seven
specimens (nos 1, 2, 8–12), a significant
discontinuity in the RPE basement membrane
was present (Figs 4 (18) and 5 (20)). Whether
this represents a surgical cleavage plane
between the basal laminar deposit and the RPE
basement membrane or is an artefact of tissue

Table 1 Fluorescein angiogram changes following excision of choroidal neovascular membranes

Patient no
Age
(years)

Duration of
symptoms Pre-op vision Post-op vision

Pre-op
angiogram

Post-op angiogram

First Final

1 82 4 months 6/200 20/400 (9 months) CNV1 NL2 (1 month) NL (8 months)
2 66 2 years 1/200 HM 4’ (9 months) Disciform3 NL (1 month) NA4

3 83 2 months 2/200 1/200 (7 months) CNV ABNL5 (1 month) ABNL (7 months)
4 73 9 years HM 6" NLP (21 months) Disciform ABNL (1 month) NA4

5 82 5 years 20/480 20/200 (21 months) Disciform ABNL (3 months) ABNL (21 months)
6 72 1 year 20/300 10/380 (6 months) CNV NL (2 months) NL (6 months)
7 78 6 months 20/480 20/400 (9 months) Blood6 ABNL (6 weeks) ABNL (9 months)
8 69 1 week 20/240 20/400 (6 months) Blood6 NL (2 weeks) NL (6 months)
9 61 6 weeks 20/200 4/200 (6 months) CNV ABNL (4 weeks) ABNL (6 months)
10 80 6 months 4/200 3/200 (6 months) CNV NL (4 days) ABNL (6 weeks)
11 54 2 months 20/400 20/400 (6 months) CNV NL7 (3 days) ABNL (6 months)
12 75 3 months 6/160 7/80 (3 months) CNV NL (4 days) ABNL (3 months)

1 CNV = choroidal neovascularisation (classic and occult components).
2 NI = normal subfoveal choriocapillaris perfusion.
3 Disciform = disciform scar.
4 NA = not available. Patient developed macula oV retinal detachment 6 weeks postoperatively.
5 ABNL = abnormal subfoveal choriocapillaris perfusion.
6 Subretinal blood precluded complete evaluation.
7 Choriocapillaris atrophy was present near the retinotomy but not in other areas covered by the CNV.
See text for additional details.
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Figure 1 Fluorescein
angiographic changes
following CNV excision
(case 10). (1) Preoperative
photograph. Vision= 4/200.
(2) Preoperative fluorescein
angiographic appearance of
CNV. There is blockage of
fluorescence by white
fibrous-like tissue at the
perimeter of the CNV. (3)
Postoperative appearance 1
week later. The air bubble
meniscus is visible
(arrowheads). There is
blood at the retinotomy site
(arrow). (4) Late venous
phase angiogram shows
choroidal perfusion in the
area occupied by CNV with
punctate areas of blockage
due to subretinal blood. (5)
Postoperative appearance 3
months after surgery.
Vision=3/200. There is
epiretinal fibrosis at the
retinotomy site (arrow). (6)
Arterial phase angiogram
demonstrating markedly
delayed choroidal filling in
the area previously occupied
by the CNV. (7) and (8)
Fluorescein dye gradually
leaks from the edge of the
dissection bed centrally
proving choriocapillaris
non-perfusion. Comparison
of the late venous phase
angiograms 1 week (4), 3
months (7), and (8) after
surgery demonstrates the
change in choriocapillaris
perfusion over time.
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Figure 2 Fluorescein
angiographic changes
following CNV excision
(case 12). (9) Preoperative
photograph. Vision=6/160.
(10) Preoperative
fluorescein angiographic
appearance of the CNV.
There is delayed filling of
the CNV centrally and
blockage of fluorescence by
blood at the perimeter. (11)
Postoperative appearance 1
week later. The air bubble
meniscus is visible
(arrowheads). There is
subfoveal blood (asterisk).
The retinotomy site is
superior to the meniscus.
(12) and (13) Later
venous phase angiograms
show choroidal perfusion in
the area previously occupied
by the CNV and blockage
by subfoveal blood. (14)
Postoperative photograph 8
weeks after surgery.
Vision=7/80. Some
subfoveal blood persists.
(15) Mid venous phase
angiogram demonstrates
delayed choriocapillaris
filling in part of the area
previously occupied by the
CNV (arrowheads)
(unassociated with
subretinal blood).Much of
the area previously occupied
by the CNV has relatively
normal choriocapillaris
filling (arrows). (16) Late
phase angiogram
demonstrates dye leakage
from the superotemporal
edge of dissection bed
centrally proving
choriocapillaris
non-perfusion.
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processing is unknown. Outer segment frag-
ments (cases 1, 12) and several rows of
photoreceptor nuclei adherent to underlying
scar tissue (case 2) were identified in some
cases.
Outer Bruch’s membrane components, in-

cluding the elastic lamina and the thickened
outer collagenous layer, were present in two
cases (nos 4, 11). Choriocapillaris was identi-
fied in one specimen (case 11). The tissue
excised from this case was composed mainly of
RPE with underlying basal laminar deposit and
discontinuous RPE basement membrane and
of overlying vascular channels in a collagenous
matrix (Fig 5 (20)). At one edge of the
specimen, Bruch’s membrane, with underlying
choriocapillaris and choroidal melanocytes,

was present (Fig 5 (21)). An adjacent area con-
tained RPE, underlying basal laminar and
basal linear deposit, and Bruch’s membrane
with underlying choriocapillaris atrophy (Fig 5
(22)). This case shows that choriocapillaris
atrophy may precede CNV excision and that
CNV excision may be accompanied by chorio-
capillaris removal.
As judged from the histology of the excised

tissue (Table 2 and Figs 3–5 (17–22), the plane
of separation of the CNV from Bruch’s
membrane varied from specimen to specimen
and within specimens and occurred at the level
of basal laminar deposit (case 12), at the level
of RPE basement membrane (cases 9, 10), at
the level of the thickened inner collagenous
layer (cases 1–3, 5, 8), at the level of the thick-
ened outer collagenous layer of Bruch’s mem-
brane (case 4), and at the level of the
choriocapillaris (case 11).

Discussion
Choroidal neovascular membranes can be
excised using currently available microsurgical
instruments, but most patients with AMD do
not experience significant visual improvement
following surgery.9–12 15 The impairment in
choriocapillaris perfusion (with secondary
photoreceptor atrophy) observed after CNV
excision may, in part, underlie these visual
results. Preoperative and intraoperative retinal
damage may also limit the visual outcome.16

Since our preliminary report of choriocapillaris
non-perfusion following CNV excision in
AMD patients,17 18 other investigators have
reported similar results both in AMD
patients12 19 20 and in a patient with the ocular
histoplasmosis syndrome.21 In this report we
also show that postoperative choriocapillaris
non-perfusion may result from preoperative
choriocapillaris atrophy and intraoperative
choriocapillaris damage.
Histopathological and clinicopathological

reports have demonstrated variability in the
integrity of the outer retina and RPE in exuda-
tive AMD at various stages in the disease.16 22 23

Adhesions between the retina and underlying
CNV were noted intraoperatively in four
patients (cases 2, 4, 5, 7) which suggests that
outer retinal degeneration was present preop-
eratively in these cases. Three of these patients
(cases 2, 4, 5) had advanced disciform scars.

Table 2 Ultrastructure of surgically excised choroidal neovascular membranes

Patient
No

Post-op FA
ABNL RPE Collagen

Vascular
channels*

RPE basement membrane
discontinuous

Inner Bruch’s
membrane

Retinal
tissue

Outer Bruch’s
membrane Choriocapillaris

1 − + + − + + + − −
2 − + + + + + + − −
3** +
4 + + + + − + − + −
5 + + + + − + − − −
6 − + + − − − − − −
7*** +
8 − + + + + + − − −
9 + + + + + − − − −
10 + + + + + − − − −
11 + + + + + + − + +
12 + + + + + − + − −

*Vascular channels = endothelium lined vascular channels.
**Not enough tissue for electron microscopy.
***Specimen lost.
See text for definition of terms.

Figure 3 (17) Ultrastructure of excised CNVs. The specimen (case 5) contains RPE
(arrow), a macrophage (arrowhead), and a collagen enmeshed, endothelial lined vascular
channel (asterisk) external to the RPE. Final magnification × 3200.

486 Nasir, Sugino, Zarbin

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bjo.bm

j.com
/

B
r J O

phthalm
ol: first published as 10.1136/bjo.81.6.481 on 1 June 1997. D

ow
nloaded from

 

http://bjo.bmj.com/


These patients were oVered surgery because a
significant exudative macular detachment was
present. Two patients (cases 7, 8) had signifi-
cant submacular blood which may have caused
preoperative photoreceptor degeneration.24–27

The remaining patients (nos 1, 3, 6, 9–12) were
followed as visual acuity declined to 20/200 or
worse. We believed the patients might benefit
from surgery because the exudative macular
detachment could have been a significant cause
of visual loss, and/or their CNVs were relatively
small (< 2 disc diameters wide). The goal of
surgery in these cases was macular reattach-
ment following removal of the source of exuda-
tion with the expectation that surrounding

native RPE would repopulate the area of
dissection.
In eight of the 12 patients in this report,

serial fluorescein angiograms showed impaired
choriocapillaris perfusion postoperatively in
the area previously occupied by the CNV.
Because we used long acting gas tamponade in
most cases, we could not assess choriocapillaris
perfusion routinely until 3–4 weeks after
surgery. In two cases (nos 10, 12), however,
choriocapillaris filling was documented to be
normal several days after surgery but was
abnormal 6 weeks later. This time course sug-
gests but does not prove that direct intraopera-
tive trauma to the choroid was not the cause of
these changes in these cases. In one case (11)
choriocapillaris was present in the excised
tissue proving that intraoperative trauma can
play a role in the development of choriocapilla-
ris perfusion abnormalities in some patients.
Furthermore, this specimen exhibited areas of
choriocapillaris atrophy proving that preopera-
tive choriocapillaris atrophy masked by the
hyperfluorescence of the CNV may also
account for the choroidal non-perfusion seen
in some of the cases with long acting gas bub-
bles. Still, some areas which showed normal
choriocapillaris perfusion 1 week after surgery
did eventually develop choriocapillaris non-
perfusion in this eye.
RPE was present in all analysed surgical

specimens, and we posit that removal of RPE at
surgery played a role in initiating choriocapilla-
ris perfusion changes, especially in cases
10–12. Ringvold, Korte and coworkers have
shown that following selective poisoning of the
RPE with intravenous sodium iodate in rab-
bits, subjacent choriocapillaris atrophies.28 29

One week after iodate injection, the choriocap-
illaris shows ultrastructural abnormalities.
Four weeks later, the choriocapillaris is re-
duced or absent only in areas devoid of RPE
and the larger choroidal vessels are spared.29

After iodate treatment, RPE regeneration
occurs (usually from the far periphery and
optic nerve head perimeter). RPE advance
along the remnant RPE basement
membrane,30 31 and regeneration of subjacent
choriocapillaris occurs in register.31 In our
series, impairment of choriocapillaris perfusion
in the area previously occupied by the CNV
seemed to follow a time course similar to that
described for iodate induced choriocapillaris
degeneration in laboratory animals. Postopera-
tive choriocapillaris non-perfusion may be
indirect evidence for either RPE malfunction
or continued absence of RPE in the dissection
bed after removal at surgery. Hsu and
coworkers32 reported a clinicopathological cor-
relation of an eye that had undergone CNV
excision. There was incomplete RPE ingrowth
in the centre of the dissection, and the
subjacent choriocapillaris was acellular. RPE
that had grown into the more peripheral part of
the dissection bed were attenuated.
Heriot and Machemer described the conse-

quences of localised retinectomy and mechani-
cal RPE debridement in rabbits. RPE repopu-
late the defect in 7 days.33 Before this occurs,
however, there is fluorescein leakage from the

Figure 4 (18) Ultrastructure of excised CNVs. The specimen (case 10) exhibits a
cleavage plane at the level of the RPE basement membrane (arrows). There is an apparent
discontinuity in the basement membrane in the centre of the specimen (arrowheads). Basal
laminar deposit and a probable RPE cell are present above the basement membrane. Basal
laminar deposit is present above the area of discontinuity in the basement membrane.
(19) The specimen (case 8) exhibits a cleavage plane at the level of thickened inner
Bruch’s membrane. Basal laminar deposit (asterisk), RPE (arrow), and RPE basement
membrane (arrowheads) are present. Final magnification × 3200.
.
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debrided surface, and the choriocapillaris
shows ultrastructural evidence of early degen-
eration.We observed normal choriocapillaris
filling with fluorescein leakage in portions of
the area previously occupied by the CNV 3–5
days after surgery in three cases (nos 10–12)
which subsequently developed impaired per-
fusion. Four weeks after retinectomy and RPE
debridement, the rabbit choriocapillaris calibre
is normal and is fenestrated appropriately.33

The ability of residual native RPE to repopu-
late a localised defect rapidly may account for
the diVerent observations in the iodate and
mechanical debridement experiments. Re-
population of the CNV dissection area by

functional RPE could explain why changes in
choroidal perfusion were not observed in all
cases. The presence of perfused and non-
perfused choriocapillaris in case 12 suggests
that there may be postoperative microhetero-
geneity of the RPE and choriocapillaris rela-
tion within the dissection bed.
Choriocapillaris perfusion abnormalities

and choriocapillaris atrophy are recognised as a
complication of several abnormal conditions
involving the RPE including retinitis
pigmentosa,34 atrophic AMD,35 36 and RPE
tears.16 22 37–39 The presence of choriocapillaris
perfusion abnormalities following CNV exci-
sion implies that, in some cases, the cells which
repopulate the dissected surface of Bruch’s
membrane cannot sustain normal choriocapil-
laris and/or that ‘normal’ RPE cells repopulate
the dissection bed abnormally or incompletely.
Senescence or disease of the RPE, or perhaps
unfavourable features of the denuded surface
of Bruch’s membrane, might prevent normal
repopulation of the area previously occupied
by the CNV. In a study of 123 excised CNVs,
Grossniklaus and coworkers19 found that
Bruch’s membrane fragments were present in
specimens from five of the 11 patients who
developed postoperative choriocapillaris atro-
phy (nine of the 11 had RPE). Portions of the
RPE basement membrane and inner collagen-
ous layer of Bruch’s membrane (and occasion-
ally even the elastic lamina) were also present
in the excised neovascular complexes in our
patients, suggesting that the surface on which
the RPE at the perimeter of the dissection must
grow is abnormal. PauleikhoV, Piguet and
coworkers, and Bird have proposed that in
AMD prolonged choroidal filling on fluores-
cein angiography may result from thickening of
and changes in the biochemical composition of
Bruch’s membrane.40–42 Abnormalities in
Bruch’s membrane or in the extracellular
matrix might also have played a role in the
postoperative appearance of the fluorescein
angiogram by impairing the normal metabolic
interaction between the repopulating cells and
the choriocapillaris.
In summary, we found that choriocapillaris

non-perfusion was present in eight of 12
patients with AMD after surgical excision of
subfoveal CNVs. Ultrastructural analysis of the
available excised tissue revealed RPE in all
cases examined and choriocapillaris in one. We
hypothesise that the choriocapillaris perfusion
abnormalities can be present preoperatively or
can arise as a result of intraoperative trauma or
as a consequence of the removal of RPE that
almost always accompanies CNV excision in
AMD. If the last hypothesis is correct, then
these clinical data provide indirect evidence
that native RPE at the edge of the dissection
either do not always repopulate the dissection
area adequately and/or that their ability to sup-
port the underlying choriocapillaris is compro-
mised. If RPE repopulation of the dissection
area is abnormal, then techniques which
promote RPE repopulation of the dissection
bed such as RPE transplantation, adjuvant
growth factor therapy, or biochemical ‘recon-
stitution’ of the dissection bed may be useful

Figure 5 (20) Ultrastructure of excised CNV (case 11).Most of the external plane of
dissection is at the level of the RPE basement membrane (arrowhead) which shows foci of
discontinuity (double arrowhead) and overlying basal laminar deposit (asterisk). (21) One
edge of the specimen (case 11) contains Bruch’s membrane (arrowhead), underlying
choriocapillaris (double arrowhead), and choroidal melanocytes (arrow). (22) This area
(case 11) shows Bruch’s membrane with overlying RPE basement membrane (arrowhead)
and basal laminar deposit but no underlying choriocapillaris. Final magnification × 3200.
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adjuncts to surgical CNV excision. Regardless
of the aetiology, when subfoveal choriocapilla-
ris non-perfusion occurs, it will probably limit
visual outcome following surgery for AMD
because of accompanying photoreceptor atro-
phy.
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