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A B S T R A C T

Purpose: To describe the histopathologic features of an early case of presumably bilateral polypoidal choroidal
vasculopathy (PCV) in two eyes obtained at autopsy from a patient with no prior ocular therapy.
Observations: The choroid of both eyes at the macular and peripapillary regions was greatly thickened with
dilated, thin walled choroidal venules intertwining with arteriosclerotic arterioles in the Sattler's layer of the
choroidal vasculature. At the temporal and nasal equatorial regions of both eyes many of these congested ve-
nular channels abruptly disappeared and were replaced by loose connective tissue with loss of the normal
choroidal stromal tissue and uveal melanocytes. A few remaining venules showed intraluminal sloughing of
endothelial cells and deposition of fibrinous material networks suggesting occlusion of these choroidal venules.
At this equatorial location, serous detachment of retinal pigment epithelium (RPE) appeared and a thin neo-
vascular membrane with cords of endothelial cell invaded into the sub-RPE space. Anteriorly, the neovascular
membrane expanded and bulged into the sub-retinal space with dilated neovascular capillaries in a “grape like”
or polypoidal configuration.
Conclusion and importance: Polypoidal Choroidal Vasculopathy is a disease of the dilated and multi-layered
choroidal venules. Occlusion of these choroidal vascular channels might give rise to choroidal stasis and
ischemia leading to serous RPE detachment and a sub-RPE neovascular membrane. Gross dilatation of the
choroidal venules and capillaries in the sub-RPE neovascular membrane leads to the characteristic “grape like”
structures, a unique clinical feature in this disease entity. These pathologic features of PCV are different from the
pathologic changes of neovascular age-related macular degeneration (nAMD). Consequently, PCV and nAMD are
two distinct diseases. However, in the late stage of both entities, choroidal ischemia in both diseases, lead to sub-
RPE neovascularization and subsequent sub-RPE and/or sub-retinal hemorrhage. These results in both entities
showed comparable clinical and pathologic features that are frequently mistaken PCV as a sub-type of
Neovascular AMD.

1. Introduction

Idiopathic polypoidal choroidal vasculopathy (PCV) is a clinical
term suggested by Yannuzzi et al1 Previously, PCV was described in the
literature as multiple recurrent serosanguineous retinal pigment epi-
thelial detachments or as posterior uveal bleeding syndrome.2–7 Clini-
cally, in the macular, peripapillary or peripheral fundus regions, nod-
ular orange-red vascular lesions bulge from the choroid into the sub-
retinal space. This is associated with serosanguineous detachment of
the retinal pigment epithelium (RPE) and choroidal neovascularization
(CNV). Fluorescein angiography shows patterns of classic and occult
CNV. The classic features of the abnormal choroidal vasculature are
best seen by indocyanine green (ICG) angiography. The polypoidal le-
sions appear as localized hyperflorescent spots, associated with

branching networks of dilated vascular channels. As the disease ad-
vances, sub-retinal hemorrhage and fibrosis occur. Published reports
show a broad spectrum of clinical presentations for PCV,6–15 and some
authors suggest the disease may be a subtype of neovascular age-related
macular degeneration (nAMD). Previous histopathologic studies of this
entity mostly come from examination of surgical specimens obtained
from excision of choroidal neovascular tissue.13,15–19 Enucleated eyes
have shown the late stage of the disease after multiple complications,
and various forms of therapy.6,20 As a result, the early histopathologic
features of this disease entity have not been clearly defined. This report
describes the histopathologic features in two eyes obtained at autopsy
of a patient who had no history of ocular symptoms and had not re-
ceived prior medical or surgical ocular treatment. The histopathologic
features of the early manifestation of this disease are distinctive, and
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are different from neovascular age-related macular degeneration. We
suggest that a more appropriate name for this entity may be venous
stasis choroidopathy.

2. Case report

A 60 year-old African American woman had a history of systemic
hypertension, hypothyroidism, morbid obesity, and sleep apnea. She
had previous surgeries of cholecystectomy, uterine myomectomy, and
thyroidectomy. She underwent L4-L5 laminectomy, for lumbar stenosis
and spondylolisthesis. Post-operatively, the patient complained of in-
termittent dyspnea and was found unconscious in the bathroom.
Resuscitation efforts were unsuccessful. Autopsy showed pulmonary
arterial and right ventricular thrombi. The patient had no visual eye
complaints or history of previous eye examination or treatment.

Gross examination of the left and right eyes showed globes of
normal size with 11 and 17 mm of optic nerve attached respectively.
The eyes were opened horizontally. The anterior segment, vitreous
cavity, choroid, retina and macula were unremarkable in both eyes.

Histo-pathologic examination of the left eye showed an unremark-
able anterior segment with a few Hassel- Henle's warts in the peripheral
Descemet's membrane and a wide-open chamber angle. In the macular
and peripapillary regions, the posterior choroid was significantly
thickened. Dilated and congested multi-layered thin-walled choroidal
venules intertwined with choroidal arterioles, which exhibited a
markedly thickened and hyalinized muscular layer (Figs. 1 and 2).
These vascular channels were tightly packed in the choroid with little
extravascular space. (Fig. 2). No transudate or proteinaceous extra-
vascular fluid suggesting autolytic changes were seen. The chor-
iocapillaris was engorged and drained into the dilated choroidal ve-
nules in multiple sites. This was a distinct pathologic finding (Fig. 1B).
At the temporal equatorial region, most of the dilated and congested
choroidal venules of the posterior choroid abruptly disappeared (Figs. 3
and 4). The remaining choroidal venules exhibited empty lumina or
filled with fibrinous material with a sloughing-off of endothelial cells.
The normally compact choroidal stroma with abundant uveal melano-
cytes in the posterior choroid was replaced by loose edematous con-
nective tissue with marked loss of stromal uveal melanocytes. Some of
the choroidal venules were surrounded by lymphocytes and mono-
nuclear cells. At the equatorial location, the RPE was shallowly de-
tached with serosanguineous fluid (Fig. 4). The choriocapillaries were
decreased in number and widely separated by intercapillary pillars.
Anterior to the equator, the sub-RPE fluid was infiltrated by a neo-
vascular membrane consisting of endothelial cell cords, with and
without lumina in a loose and serosanguineous matrix (Fig. 5). A few
engorged choroidal venules which were lost at the equatorial region
reappeared in this location.

Fig. 1. A. The posterior choroid is much thickened with a
network of interlacing dilated choroidal venules and arter-
ioles (hematoxylin and eosin stain,×100 magnification). B.
The choriocapillaris is drained by a thin-walled venule
(arrow) (hematoxylin and eosin stain ×200 magnification).

Fig. 2. Arteriosclerotic choroidal arteries intertwine with dilated choroidal venules with
no exudation in the choroidal stroma (hematoxylin and eosin stain ×200 magnification).

Fig. 3. At the equatorial region there is abrupt disappearance of (double arrows) the
dilated choroidal venules which are seen in the posterior choroid (single arrow) (hema-
toxylin and eosin stain ×40 magnification).
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Farther anteriorly, the capillaries of the sub-RPE neovascular
membrane were grossly dilated, bulged into the sub-retinal space in a
nodular fashion (Fig. 6), and became tortuous in an edematous fi-
brovascular connective tissue matrix (Fig. 7). In the choroid, grossly
dilated choroidal venules reappeared and extended forward to the pars
plana and pars plicata regions.

Similarly, the nasal equatorial choroid was also abruptly thinned
with loss of the congestive choroidal venules from the posterior pole.
There was a serous RPE detachment and a neovascular membrane
spreading anteriorly to the ora serrata region. The retina and photo-
receptors throughout these different regions of the eye appeared intact.
The optic disc and optic nerve were unremarkable with a few scattered
corpora amylacea.

Histopathologic examination of the right eye showed similar fea-
tures as observed in the left eye. The anterior segment was unremark-
able. The choroid in the macular and peripapillary areas showed similar
thickening with dilated thin-walled choroidal venules intertwining with

arteriosclerotic arterioles.
In the temporal and nasal equatorial regions of the right eye, thin-

ning of the choroid and disappearance of the dilated choroidal venules
were also observed. The compact choroidal stroma was replaced by
loose connective tissue with loss of uveal melanocytes. Similarly in this
region, serosanguineous detachment of the RPE and a neovascular
membrane were also observed. At the pars plana and pars plicata re-
gions, choroidal venules were dilated. The optic nerve and retina were
unremarkable with scattered corpora amylacea.

3. Discussion

In 1990, Yannuzzi and colleagues' described a syndrome consisting
of polypoidal choroidal vascular lesions associated with serous and
hemorrhagic detachment of retinal pigment epithelium, and named the
entity idiopathic polypoidal choroidal vasculopathy (IPCV).
Subsequently many clinical investigators6–20 including Yannuzzi and
colleagues8 expanded the clinical spectrum of the disease and examined
patients with scanning laser ophthalmoscopy - indocyanine green

Fig. 4. At the equatorial region, there is marked decrease of choroidal vessels. Some
remaining choroidal venules show empty lumen. Others are filled with fibrinous material
admired up with sloughed of endothelium. Serous retinal pigment epithelium detachment
(arrows) starts to appear (hematoxylin and eosin stain ×100 magnification).

Fig. 5. Anterior to the equatorial region showing serous detachment of retinal pigment
epithelium and sheet-like choroidal neovascularization consisting of small vascular
channels with or without lumen embedding in abundant extracellular matrix. Dilated and
congested choroidal venules reappears (hematoxylin and eosin stain ×200 magnifica-
tion).

Fig. 6. Nodular choroidal neovascularization with abundance of extracellular matrix,
bulging into the sub-retinal space. Dilated choroidal venular network reappears (hema-
toxylin and eosin stain ×100 magnification).

Fig. 7. Retinal pigment epithelium with a sub-retinal nodular choroidal neovascular
membrane associated with dilated and congested capillaries in a loose connective tissue
matrix (hematoxylin and eosin stain ×200 magnification).
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angiography (SLO-ICGA) in association with fluorescein angiography
(FA) and optical coherence tomography (OCT). Additional clinical
manifestations such as choroidal network of branching vessels of
varying dimension, choroidal aneurysmal enlargement, pulsation of the
vascular channels and choroidal, sub-RPE and sub-retinal hemorrhages
and fibrosis occurring in the late stage of the disease. Yannuzzi et al.8

further described that while the idiopathic polypoidal choroidal vas-
culopathy were mostly seen in the posterior pole and the peripapillary
region, isolated peripheral lesions were also observed. The histo-
pathologic feature of this disease were described in clinical pathologic
correlative studies.13,15–20 Histopathologically this disease is composed
of dilated secular vascular channels consisting of thin wall venules in-
tertwined with arteriosclerotic choroidal arterioles. Other prominent
histopathologic feature of the disease is a serosanguinous RPE detach-
ment associated with extensive sub-RPE choroidal neovascularization
breaking through Bruch's membrane into the sub-RPE and/or the sub-
retinal space. In advanced cases subretinal hemorrhage and fibrosis
involving Bruch's membrane, RPE and photoreceptor cells were ob-
served. These pathologic features have been observed in surgically
excised specimens or enucleated eyes with this disease.

The case reported here showed histopathologic features comparable
to those reported in the literature. In the macular and peripapillary
choroid, dilated saccular vascular channels intertwined with arterio-
sclerotic arterioles (Figs. 1 and 2). These vascular channels aggregated
in 3–4 layers in the posterior choroid and there was little extra vascular
space and no exudate and transudate were observed in between the
choroidal vascular channels (Fig. 2). These proliferated vascular chan-
nels were definitively much more than normal adult choroidal vascu-
lature and were different from post mortem autolytic choroidal vascular
dilation. Furthermore these dilated choroidal vascular channels
abruptly disappeared at the equatorial region (Figs. 3 and 4) and re-
placed with scattered venules (Fig. 4) which exhibited sloughing of
endothelial cells with intraluminal fibrinous deposit, suggesting venous
stasis. The dense choroidal stroma was replaced by edematous loose
connective tissue with loss of the uveal melanocytic population. The
abrupt loss of dilated choroidal vascular channels, dense choroid
stroma and uveal population were distinctive and was not seen in post
mortem autolytic changes of choroidal vascular tissue.

The most significant pathologic changes of these two eyes were the
RPE detachment from Bruch's membrane. The resulting sub-RPE space
was filled with serous serosanguineous fluid (Fig. 4). More anteriorly a
neovascular membrane consisted of endothelial cell cords that crept
into the sub-RPE space (Fig. 5). Still further anteriorly, the sub-RPE
neovascular capillaries were grossly dilated, approaching a nodular
fashion between the Bruch's membrane and the RPE (Figs. 6 and 7).
Such extensive sub-RPE neovascular pathologies are not seen as post
mortem changes of choroid. Even though most CNV in the polypoidal
choroidal vasculopathy occurred in the posterior pole and peripapillary
region, three cases of the idiopathic polypoidal vasculopathy were de-
scribed in the retinal periphery by Yannuzzi et al.8 In like manor, sub-
RPE neovascularization was also observed in the retinal periphery in
this case.

The above histopathologic observations in both eyes of this patient,
provided strong evidences to suggest that this is an early case of poly-
poidal choroidal vasculopathy. However since this case was presented
at such an early phase of the disease without choroidal and sub-RPE
hemorrhage, the patient had no ocular complaints to lead her to seek
ophthalmic care and a clinical eye examination. Consequently, no
clinical findings were recorded in this case. Our following hypothesis of
the pathogenesis of PCV and choroidal neovascularization needs chor-
oidal circulatory studies in future clinic-pathologic correlative cases to
confirm our proposed pathogenetic mechanism of this disease.

Most previous histopathologic studies of PCV describe the primary
lesion of the disease consisting of saccular dilated vascular channels in
the choroid,13,15–20 the origin of these vascular channels is uncertain.
Kuriwa et al17 reported that the PCV composed of large choroidal

arteriosclerotic arterioles and thin-walled venules. Rosa et al.20 re-
ported branches of the short posterior ciliary arteries supplying the
PCV. However Lafault et al.19 described the thin walled vascular
channels to be venular in origin. Other authors described these dilated
channels without stating their nature. In our case, these dilated vascular
channels were definitely venular in origin because we observed that the
choriocapillaris drained into the dilated vascular channels in multiple
sites.

In previous pathology reports, advanced choroidal arteriosclerosis
was a prominent histopathologic feature but the relationship between
the choroidal arteriosclerotic arterioles and the dilatation of the chor-
oidal venules was uncertain. Okubo et al16 in their study of a surgically
excised lesion, described a tortuous dilated venule adjacent to an ar-
teriosclerotic arteriole. These authors suggested that this histopatho-
logic feature might represent an arteriovenous (AV) crossing in the
choroid. In our study we observed that the arteriosclerotic arterioles
intertwined with the dilated choroidal venules. The close approxima-
tion of the choroidal arterioles and venules might represent an AV
crossing which might induce obstructive effect on choroidal venous
circulation.

In our previous study of human choroidal vascular plastic casts,21

we observed venular dilatation at the choroidal AV crossing obstructive
sites suggesting that the AV crossing does induce circulatory dis-
turbance in a similar way that retinal arteriovenous crossing induces
retinal venous obstruction. Okubo et al. reported a clinical case of ve-
nous pulsation of a vascular “polyp” at arteriovenous crossing with
leakage of ICG dye.22 The pulsation and dye leakage disappeared after
photodynamic therapy. The authors suggested that venous stasis and
fluctuation of blood flow at the choroidal arteriovenous crossing were
causing the pulsation of the venule. Their clinical finding supports our
observation of venular dilatation in plastic vascular casts21 and possible
circulatory disturbance in choroidal venous circulation inducing vas-
cular polyps.

One of the unusual pathologic observations in our study of the au-
topsy eyes was the abrupt disappearance of the congested choroidal
venules at the equatorial region in both eyes. The few remaining ve-
nules exhibited sloughing of endothelial cells associated with intra-lu-
minal fibrinous deposit suggesting venous occlusion. The normal
compact choroidal stroma was replaced by edematous loose connective
tissue with loss of uveal melanocytes, suggesting choroidal venous
stasis of a chronic nature. Farther anteriorly, shallow serous detach-
ment of the RPE appeared. The dense proteinaceous homogeneous
amorphous sub-RPE material might be interpreted as diffused druse-
noid deposit. A thin neovascular membrane with cords of endothelial
cells invaded the sub-RPE space. . These pathologic observations point
to choroidal venous stasis as the cause of the characteristic RPE ser-
osanguineous detachment characteristically seen in PCV.

Anteriorly to the equator, the neovascular membrane exhibited
grossly dilated capillary vascular channels. We hypothesize that at this
location, the loss of the tight choroidal stroma allowed the neovascular
capillaries to dilate bulging anteriorly into the sub-retinal space. These
sub-RPE capillaries were dilated to the size of the venules seen of the
posterior choroid (Figs. 6 and 7). The venular saccular channels of the
posterior choroid and the dilated capillaries of the neovascular mem-
brane may account for the polypoidal images seen with ICG angio-
graphy.

At the peripheral fundus region the dilated choroidal venules re-
appeared suggesting that the extensive venular and arteriolar anasto-
moses of the choroid had provided retrograde blood flow to the chor-
oidal venular occlusive area.

Outer retinal ischemia may be induced by arterial, capillary or ve-
nous pathologies of the choroidal circulation. Choroidal arteriolar
ischemia may be exemplified by malignant hypertension such as seen in
toxemia of pregnancy, which causes severe choroidal arteriolar con-
striction leading to occlusion of choriocapillaris and necrosis of RPE
known clinically as Elschnig's spots23 Choroidal capillary stasis may be
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exemplified by choroidal capillary hemangioma’ which at times leads to
cystoid degeneration of the outer retinal layers and serous retinal de-
tachment.24 Both choroidal arteriolar ischemia as observed in malig-
nant hypertension’ and choroidal capillary stasis as seen in choroidal
hemangioma do not induce choroidal neovascular membranes in the
sub-RPE and sub-retinal regions as described in PCV.

The pathologic manifestations of choroidal ischemia may be com-
pared with those of retinal ischemia. Retinal arteriolar occlusion gives
rise to retinal infarct. Retinal venous occlusion, as seen at retinal AV
crossing induces retinal venous stasis and retinal neovascularization
similar to the choroidal neovascularization of PCV.

Based on the pathologic features described above, PCV appears to be
a distinct clinical entity and not a sub-type of neovascular
AMD.8,13,14,25–29 This suggestion is further supported by different de-
mographic findings between PCV and AMD. PCV occurs much more
frequently in non-Caucasian populations such as in Asians and African
American women. The variable location of PCV in the macular, peri-
papillary or peripheral retinal regions contrast sharply with neovas-
cular AMD occurring mostly in the macular area. Genetic studies also
show marked differences between PCV and nAMD.28,29 PCV responds
relatively well to photodynamic therapy,14 while neovascular AMD
appears to be much more responsive to repeated anti-VEGF intravitreal
injections. Yannuzzi12 and Coscas et al.15 have also suggested that PCV
and neovascular AMD are different clinical entities. However, both
neovascular AMD and PCV eventually lead to sub-RPE detachment and
choroidal CNV, resulting in sub-RPE and sub-retinal hemorrhage as a
final common pathologic pathway between PCV and neovascular AMD.

Because of the pathologic features of our case, we hypothesize that
choroidal venular stasis is one of the primary pathogenetic mechanisms.
Future choroidal venous circulatory study in clinic-pathologic correla-
tive cases may help to confirm this proposed pathogenetic mechanism.

Patient consent

We hereby acknowledge ethical and patient consent has been au-
thorized by the spouse of the deceased in writing, thereby granting
examination, removal, imaging, and retention of organs, tissues, im-
planted devices, and fluids as deemed necessary for diagnosis, educa-
tion, and research and quality improvement.
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