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Abstract. Many clinical entities may be associated with the development of peripheral 
retinal neovascularization. In this paper, we review the mechanisms of normal and abnor- 
mal angiogenesis in the retina. Specific disease entities associated with peripheral prolifera- 
tive retinopathies are discussed. These include vascular disease with ischemia, inflamma- 
tory diseases with possible ischemia and a variety of miscellaneous causes, including 
hereditary diseases and tumors. Basic principles for the clinical evaluation of patients with 
retinal neovascularization are described. Finally, the treatments for retinal neovasculariza- 
tion, including cryopexy and local and panretinal photocoagulation are reviewed, and 
techniques and possible mechanisms of the beneficial results of treatment are described 
(Surv Opbthalmol 38:519-540, 1994) 
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In 1980, we reviewed entities that result in 
midperipheral or peripheral retinal neovascu- 
larization.“” At that time, much attention had 
been directed to neovascularization of the disk 
and posterior pole of the eye and the purpose of 
our review was to describe conditions that cause 
neovascularization in the midperiphery and pe- 
riphery. Since that review, additional entities 
have been reported to cause peripheral retinal 
neovascularization. In addition, significant ad- 
vances have occurred in our knowledge of reti- 
nal angiogenesis and the results and mechanisms 
of action of retinal photocoagulation. What fol- 
lows is a brief summary of retinal angiogenesis, a 
characterization of recently discovered entities 
which cause peripheral neovascularization and 
an update of previously described causes of pe- 
ripheral neovascularization. In addition, we will 

review what is known of the current therapy for 
these various conditions. 

I. Definition 

For this review, peripheral retinal neovascu- 
larization is defined as preretinal neovasculariza- 
tion arising from the retinal circulation, which is 
present predominantly or exclusively peripheral 
to the major arcades. The prototype of this neo- 
vascularization is sickle cell disease. Table 1 has 
been revised to include currently known entities 
that may result in peripheral retinal neovascu- 
larization. As in our original report, the majority 
of conditions resulting in this type of neovascu- 
larization are either retinal vascular diseases with 
ischemia or inflammatory diseases with possible 
ischemia. However, for a number of clinical enti- 
ties (e.g., retinitis pigmentosa), the stimulus for 
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neovascularization remains uncertain. 

II. Angiogenesis 

A. MECHANISMS OF ANGIOGENESIS 

A summary of the mechanisms of angiogenesis 

(the development of blood vessels from pre-ex- 
isting blood vessels)“j5 in the retina follows be- 

cause it allows a rational approach to prevention 
and treatment of retinal neovascularization. 

The retina becomes vascularized during em- 
bryonic development (vasculogenesis). A van- 
guard of mesenchymal cells sweeps from the op- 
tic nervehead into the retina from the hyaloid 
system at four months’ gestation and proceeds to 
the periphery by the time of normal term.4 This 
vascularization does not reach the temporal ora 
serrata until after birth. Behind the vanguard, 
mesenchyme remodels into capillaries, arteries, 
and veins. “’ Remodeling continues even after 
birth. 

Healing is the body’s effort to reconstruct the 
uninjured state. It depends upon the body’s abil- 
ity to sense tissue damage or dysfunction, signal 
the appropriate cells which carry out the repair, 
and terminate the process when its purpose is 
fulfilled.g5 Scarring, as part of the healing proc- 
ess, is the laying down and remodeling of collag- 
enous tissue. If injury affects blood vessels, for 
example, if there is ischemia, angiogenesis is 
necessary for the scarring process.g5 During the 
scarring process, angiogenesis is stimulated by 
inflammation or ischemia. The angiogenic re- 
sponse is maintained in a constant state of readi- 
ness. On short notice, a vascular system that has 
been stable for years can rapidly grow new ves- 
sels. As the physiologic healing process matures, 
blood vessel growth slows and then stops. Angio- 
genesis can occur when it should not and may 
continue long after its useful purpose has ended. 
Sometimes it continues indefinitely. 

Inflammation is also a prerequisite to healing. 
If there is no inflammation, healing does not oc- 
cur. If there is too little inflammation, healing is 
slow. If too much inflammation occurs, excessive 
scar tissue may be produced.g5 Neovasculariza- 
tion is part of this inflammatory process, is pre- 
ceded by an inflammatory cellular response, and 
is followed by fibroplasia. 

Inflammation or ischemia working through 
inflammatory cells or tumor cells acting directly 
stimulate angiogenesis by the elaboration of an- 
giogenic factors. There seems to be little or no 
biochemical difference between the angiogenic 
peptides expressed by tumors and those found 
normally in the tissue.62 

Whether the stimulus for angiogenesis is a tu- 
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TABLE 1 

Peripheral Retinal Neovascularization 

I. Vascular diseases with ischemia 
1. 

2. 

3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 

12. 

13. 
14. 
15. 
16. 

Sickling hemoglobinopathies:3z~14g SC,%, 
SB thalassemia, SO Arab 
Other hemoglobinopathies: AC,146 AS,‘48 C 
Beta” thalassemia4’ 
Eales’ disease5’*54*‘g’ 
Small vessel hyalinosiszo5 
Diabetes mellitus 
Branch retinal vein occlusion’57 
Branch retinal arteriolar occlusion”g 
Retinal embolization (e.g., talc)20~120~‘7g 
Retinopathy of prematurity6”*1’8~‘6’ 
Familial exudative vitreoretinopathy 
Hyperviscosity syndromes (e.g. chronic 
myelogenous leukemia)68*145 
Aortic arch s 

Y 
ndromes/ocular ischemic syn- 

&.omes’9.98J 8 

Carotid-cavernous ftstula’13 
Multiple sclerosis7,‘44~208 
Toxemia of pregnancy” 
Encircling buckling operatior?’ 

II. Inflammatory diseases with possible ischemia 
Sarcoidosis2,3*4g*88 1. 

2. 

3. 
4. 
5. 
6. 

Retinal vasculitis: SLE,“’ arteriolitis with 
SS-A auto-antibody,57 acute multifocal 
hemorrhagic vasculitis,” and vasculitis sec- 
ondary to infection 
Uveitis including pars planitis18 
Birdshot retinochoroidopathy8~‘68 
Toxoplasmosis73 
Acute retinal necrosisg7~2’2 .~ 

III. Miscellaneous 

:: 

3. 
4. 

5. 
6. 

7. 
8. 
9. 

Incontinentia pigmenti”’ 
Familial telangiectasia, spondyloepiphyseal 
dysplasia, hypothyroidism, neovasculariza- 
tion, and tractional retinal detachmentlz4 
Inherited retinal venous beading’3g*‘g3 
Autosomal dominant vitreoretinochoroid- 
opathy”*“4 
Longstanding retinal detachment5g,202 
Choroidal melanoma,206 choroidal heman- 
gioma’2g 
Retinitis nigmentosa’7~‘50~204 
Retinoschi&24*‘63 
Cocaine abuse 

mor, inflammation or ischemia, the sequence of 
events is the same. 6’ These steps have been de- 
scribed by Folkman” and Ausprunk.’ The re- 
sponse is modified in the eye because of its 
unique anatomic arrangements (Fig. 1). 

Step #l: The venular ends of preexisting capil- 
laries are activated to form new capillaries.6~82 
Frequently the affected vein dilates before the 
blood vessels form.“’ 

Step #2: Endothelial cells, when stimulated, se- 
crete collagenases and other proteolytic enzymes 
active against collagens 4 and 5, laminin, fibro- 
nectin and glycosaminoglycans in the basal lami- 
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Fig. 1. Panel 1 (upper): Ischemic retina (light red) signals adjacent retinal venules to start neovascular process. 
The activated angiogenic factor may be in higher concentration in the vitreous just internal to the inner limiting 
lamina, attracting the neovascularization toward the vitreous cavity. Panel 2: A venule near the edge of the ischemic 
retina has a bud on the vitreous side of the vessel and a loop of neovascularization just penetrating the inner 
limiting lamina. Panel 3: The bud on the left is forming from the endothelial cells that have enzymatically lysed the 
basal lamina (purple) and have slid (yellow arrows) through the gap in the basal lamina. The loop on the right has 
formed from two cords of proliferating endothelial cells that have lumenized in the more mature part of the new 
vessel closer to the vessel of origin. The endothelial cells and pericytes in the more mature part are laying down a 
basal lamina. The growing tip, where the two new new vessels are anastamosing, does not have a fully formed 
lumen. The advancing endothelial cells have penetrated the internal limiting lamina of the retina (purple) and are 
adhering to the posterior vitreous face (blue). There are gaps between the endothelial cells in the immature part of 
the vessels that can leak erythrocytes, fluorescein, and large molecules of lipids and proteins. Panel 4: One 
proposed mechanism of activation of endothelial cells: bFGF (purple arc) has been released from heparan sulfate in 
the extracellular matrix by heparinase or collagenase. A piece ofthe heparin (blue zig-zag) occupies the site ofbFGF 
that can bind heparin. The bFGF, unable to adhere to the extracellular matrix, can float to the receptor sites (green) 
on an endothelial cell (light blue) to activate the endothelial cell to start the neovascular process. (Artist: Ellen H. 
Mower, UCSD School of Medicine, Offrce of Learning Resources.) 

na.‘“’ The stimulated endothelial cells also re- 
lease plasminogen activatorg’ which activates the 
latent collagenases. These secretions cause lysis 
of the basement membrane of the capillary on 
the side closest to the stimulus. The vessel wall 
bulges and then the basement membrane gapes. 

Step #?: Endothelial cells lose their normal ad- 
hesion and migrate by sliding through the gap in 
the basement membrane toward the angiogenic 
stimulus. The preferential growth of new vessels 
in the retina toward the vitreous cavity suggests 
that angiogenic factors accumulate in the vitre- 
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ous, possibly binding to heparan sulfate in the 
vitreous body, just internal to the retina. 

Step #4: The endothelial cells then slide out of 
the vessel to form a solid cord in the interstitial 
strOma~28,180,181 Endothelial cells interact inti- 
mately with the stroma. Tissue culture of endo- 
thelial cells indicates a 3-dimensional matrix of 
extracellular tissue or fibrin is necessary for this 

step. ‘s3 In the stroma, endothelial cells release 
enzymes active against collagen types 1,3, and 5; 

fibronectin; elastin; and proteoglycans freeing 

FGF.‘30*‘3’,20g The stroma dissolves as the sprout 
advances, and the endothelial cells slide forward. 
Behind the advancing tip, the endothelial cells 
adhere to the remaining matrix through attach- 
ments to Iibronectin. Growing capillaries may 
use collagen fibers or fibrin strands as a substrate 
for their growth. Not all extracellular matrix is 
penetrated by this activity. The extracellular ma- 
trix regulates the growth of neovasculariza- 
tion.2’0 The internal limiting lamina of the retina 
does not offer a significant barrier to such lysis, 

but healthy intact Bruch’s membrane generally 
does. The posterior vitreous face can be a sub- 
strate for vessel growth, but the healthy vitreous 
body usually inhibits vascularization into its sub- 
stance, possibly through an inhibitory sub- 
stance16” or by mechanical resistance.72 

Step #5: The endothelial cells curve in the ma- 

trix of tissue surrounding the parent vessel to 
form a tube. The endothelial cells at the tip of the 
blind tube have spaces between them, and it is 
likely that through these interendothelial spaces 
fluorescein, plasma, and fibrinogen leak.6s’00 
Plasminogen activator assists in fibrin formation 
that in turn stimulates more endothelial cell mi- 
gration and macrophage influx. Endothelial cells 
lay down a new basement membrane around the 
tube. Fluorescein angiography shows the new 
vessels budding from the parent retinal vessel. 

Step #6: Endothelial cells just behind the tip 
divide to replace the cells that have migrated. 

Step #7: Two adjacent tubes merge to form a 
tube which now becomes the parent vessel for 
further angiogenesis.2s*‘s0’sl 

Step #8: Flow is established in the loop. The 
optical system of the eye allows a magnificent 
view of these loops. In proliferative sickle cell 
retinopathy, we see these loops as an anastomosis 
at the border between avascular and vascular pe- 
ripheral retina.*’ 

Step #9: Pericytes appear around the bar of the 
loop. 4*28,38 Endothelial cells lay down a new basal 
lamina between the endothelial cells and the 
pericytes.6,63,‘34 The pericytes in more mature 
vessels inhibit endothelial cell proliferation.‘55.‘56 

Absence of or reduction in pericytes is correlated 
with neovascularization (e.g., diabetes). 

Step #lO: The cycle repeats. Loss of growth 
factors results in cessation of angiogenesis.5 

B. ANGIOGENIC FACTORS 

The notion of factors inducing healing and 
neovascularization dates back at least to the 
wound hormones suggested by Loeb in 1893.13’ 

Isaac Michaelson proposed a soluble factor act- 
ing to produce growth in retinal blood vessels 
under conditions of ischemia.‘42 The observation 

that the growth of tumors depended on angio- 
genesis led to the isolation of a diffusible angio- 
genie factor from tumors.‘j5.” Since then a wide 
variety of agents involved in neovascularization 
have been found in different tissues. 

The vascular system does not normally pro- 

duce new vessels, yet, like the clotting system, it 
remains prepared to respond quickly to a stimu- 
lus. There may be more than one final pathway 
inducing neovascularization. It is likely that a 
cascade of events involving one or more angio- 
genie stimulants may induce new vessels. 

Neovascularization is controlled by a balance 
of stimulating and inhibiting factors.“j Angio- 

genie substances turn on or off the production 
and release of enzymes that digest the extracellu- 

lar matrix, stimulate and attract the migration of 
endothelial cells, and activate the proliferation of 
endothelial cells.‘j’ Angiogenic substances fall 
into two classes - those that directly act on endo- 
thelial cells, causing migration or proliferation, 
and those that act indirectly through activation 

of macrophages, liberation of stored or seques- 
tered direct-acting angiogenic material, or re- 
lease of fibrinogen. The list of substances that 
affect angiogenesis is evolving, as is our under- 
standing. 

1. Factors That Act Directly on Endothelial 
Cells 

a. Fibroblast Growth Factor (FGF) 

Fibroblast growth factors comprise a group of 
structurally similar polypeptides. Two of these, 
basic fibroblast growth factor (bFGF) and acidic 
fibroblast growth factor (aFGF) have been well 
studied and appear to have a major role in angio- 
genesis. These two FGFs have a molecular 
weight of 18,000 daltons and consist of 154 ami- 
no acids with a 53% protein sequence homol- 

ogy. 74 Both aFGF and bFGF induce division of 
most cultured cells derived from embryonic me- 
soderm and neuroectoderm, stimulate mitogen- 
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esis of endothelial cells, and promote wound 
healing. The FGFs bind to heparin and heparin- 
like components of glycosaminoglycans. This 
property is useful in purifying the FGFs with af- 
finity chromatography. In addition this binding 
may be the way that FGF is distributed in the 
extracellular matrix in an inactive form, yet in a 
state of readiness for action.20g 

Although the genetic control and distribution 
of aFGF and bFGF are different, it is unclear if 
these two substances have some differences in 
their actions or whether all functions are identi- 
cal. Of major importance is that a number of 
tissue-derived angiogenic factors, such as eye- 
derived growth factor (EDGF),” retina-derived 
growth factor (RDGF),“6S4’,78 and astroglial 
growth factor (AGF),‘64 have now been recog- 
nized as FGFs. 

Basic fibroblast growth factor is one of the first 
angiogenic substances to be isolated.s5 Basic FGF 
is active in embryonic and adult tissue. The gene 
for bFGF maps to chromosome 4.14’ bFGF in- 
duces endothelial cell migration and prolifera- 
tionS4.“’ modulates endothelial cell collagenase 
and plasminogen activator,g1 induces neovascu- 
larization,” and brings about wound healing.” 
Basic FGF may also be responsible for pathologi- 
cal processes such as tumor growth.‘75.‘“7 Vascu- 
lar endothelial cells synthesize bFGF, and they 
may incorporate it in the extracellular matrix 
they produce. The binding of bFGF to heparin 
and heparin-like extracellular matrix compo- 
nents sequesters bFGF from the receptors at po- 
tential sites of action.?0g With bFGF bound in ex- 
tracellular matrix, endothelial cell proliferation 
remains quiescent until the FGF is liberated lo- 
cally by heparinase released from platelets, mast 
cells, macrophages, neutrophils, or T-cells dur- 
ing sublethal cell damage, tissue injury, isch- 
emia, or inflammation. ‘Og Plasminogen activator 
from endothelial cells may further stimulate FGF 
release from the extracellular matrix. 

The role of bFGF in the eye is currently under 
investigation. The tendency for neovasculariza- 
tion in the retina to grow into the vitreous cavity 
implies a higher concentration of an angiogenic 
substance like FGF bound in the vitreous cavity, 
which is essentially extracellular matrix, than in 
the retina, which is mostly neural tissue. An alter- 
native explanation might be lower concentra- 
tions of inhibitory substances in the vitreous. Ba- 
sic FGF has been localized in the basement 
membrane of endothelial cells in normal retina, 
but it was not found in the basement membrane 
of active fronds in proliferative diabetic retinop- 
athy.g4 Possible explanations are that active 

fronds are consuming the bFGF that would nor- 
mally be found in the basement membranes of 
the endothelial cells or that another growth fac- 
tor, such as aFGF, is responsible for the neovas- 
cularization. 

Acidic fibroblast growth factor production 
maps to chromosome 5.140 Endothelial cell 
growth factor (ECGF) is a precursor to aFGF.*’ 
There are differences in the conditions that will 
inactivate aFGF compared to bFGF. Most evi- 
dence points to afIinity of aFGF and bFGF to the 
same receptors. 

At least five other peptides with structural ho- 
mology to aFGF and bFGF are aggregated into 
the FGF family: int-2 (DNA region of provirus 
integration site), hst/K-fgf (human stomach can- 
cer transforming gene), FGF-5, FGF-6, and FGF- 
i’. These peptides may be active during embryo- 
genesis or may be oncongenes. 

b. Transforming Growth Factor Type Alpha (TGF-ol) 

Transforming growth factors have the proper- 
ty of altering the phenotype of normal fibroblasts 
to transformed cells with malignant character- 
istics, including loss of density-dependent in- 
hibition and having anchorage-independent 
growth.17” They fall into two groups, TGF-a and 
TGF-B that, other than the transforming proper- 
ty, are unrelated in structure and action. TGF-a 
has a molecular weight of 6000 daltons and 50 
amino acids with a 35% sequence homology with 
epidermal growth factor (EGF). It competes for 
the same receptors as EGF, and both substances 
have the same biological activity. Both are mito- 
genie for endothelial cells, but TGF-(Y is 3 to 10 
times more potent.ls4 

c. Platelet-Derived Endothelial Cell Growth Factor 
(PD - ECGF) 

This growth factor isolated from human plate- 
lets has a molecular weight of 45,000 daltons.‘43 
PD-ECGF has no protein sequence similarity to 
known proteins. Its gene maps to chromosome 
22. It is chemotactic and mitogenic to endothelial 
cells in vitro and induces angiogenesis in vivo. 
Like FGF, it appears not to be secreted in re- 
sponse to a signal peptide. It is retained intracel- 
lularly and may be released by cell lysis. It does 
not bind to heparin. Its role in the angiogenic 
pathways is not known. 

d. Vascular Endothelial Growth Factor (VEGF)/ 
Vascular Permeability Factor (VPF) 

VEGF and VPF are homologous basic pep- 
tides of molecular weight 46,000 to 48,000 dal- 
ton’szoo The peptide sequences suggest member- 
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Fig. 2. Peripheral neovascularization in patients with hemoglobin SC (left) and incontinentia pigmenti (right). 

ship in the family of platelet-derived growth 
factor (PDGF), which is mitogenic for smooth 
muscle cells but not endothelial cells. Their 
source includes tumor cells, retinal pigment 
epithelial cells, and pituitary cells.’ They bind to 
heparin, but with less affinity than does FGF. 
They are strongly mitogenic for capillary endo- 
thelial cells, on which high-affinity receptors 
have been found.‘03a VEGF may be an important 
regulator of vasculogenesis in the embryo.“” 
VEGF/VPF also promote vascular leakage, pre- 
sumably including fibrinogen, which could en- 
hance the local environment for neovasculariza- 
tion. Monoclonal antibodies for VEGFIVPF 
inhibited angiogenesis in tumors.“6a 

e. Angiotropin 

Angiotropin has been purified from macro- 
phages. Though not a mitogen for vascular en- 
dothelial cells, it stimulates endothelial cell mi- 
gration and organization into tubes.“’ It may 
induce angiogenesis through inflammation. 

2. Factors that Act Indirectly on Endothelial 
Cells 

a. Transforming Growth Factor-Beta (TGF-@) 

TGF-P has a molecular weight of 25,000 dal- 
tons, with two equal monomers containing 112 
amino acids each. ‘73 Platelets are a major storage 
site for TGF-P. All cells contain receptors for 
TGF-P. *” TGF-P increases the number of mac- 
rophages, activates fibroblasts, and increases col- 
lagen synthesis.‘z5*‘74 It inhibits endothelial cell 
proliferation in vitro,6g yet it stimulates angio- 
genesis in vivo, perhaps by generating inflamma- 
tion and attracting macrophages. It promotes 
endothelial cell migration into tubes.14’ TGF-P is 
an important mediator of tissue repair.‘73 

b. Tumor Necrosis Factor-Alpha (TNF-CX) 

TGF-(Y is an acidic peptide of 17,000-dalton 

molecular weight secreted by macrophages. It 
influences inflammation and stimulates the syn- 
thesis of granulocyte-macrophage-colony stimu- 
lating factor (GM-CSF). ‘“,‘47 TNF-cr is angiogenic 
in vivo yet inhibits endothelial cell growth in vi- 
tro.” Like TGF-P, TNF-cx encourages differenti- 
ation of endothelial cells into tubes. 

c. Prostaglandins (PC) 

Certain prostaglandins, e.g., PGE,, and PGEY, 
are angiogenic in vivo, possibly by activating 
macrophages.gs67 This activity implies that anti- 
prostaglandins could inhibit angiogenesis when 
prostaglandins are involved in the process. 

3. Tumor Angiogenesis Factors 

Tumor angiogenesis factor is mentioned be- 
cause of its historical significance.95 There seems 
to be little biochemical difference between angio- 
genie factors expressed by tumors and those 
found in normal tissues.‘j’ Angiogenin, initially 
isolated from human adenocarcinoma, is the first 
tumor angiogenesis factor to be isolated in pure 
form.lg5 Though strongly angiogenic, it does not 
cause endothelial cell migration or proliferation. 
Tumor angiogenesis factors may be operative in 
eyes with intraocular tumors, such as melanoma 
and retinoblastoma. On the other hand, basic 
fibroblast growth factor has been proposed as an 
angiogenic substancela7 and a tumor supporting 
substance’75 in these tumors. VEGF has been 
identified as a principal angiogenic factor that 
directly affects endothelial cells.74a 

4. Factors that Regulate Angiogenesis 

a. Heparin 

There are several useful observations about 
heparin, FGF, and angiogenesis. Heparin pro- 
tects FGF from inactivation.@ Basic FGF is stored 
in the extracellular matrix in a stable and inactive 
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complex with heparan sulfate in glycosaminogly- 
cans. Mast cells, neutrophils, and platelets can 
express heparinase. Basic FGF is released from 
the extracellular matrix by degradation of the 
extracellular matrix by collagenase or by lysis of 
heparan sulfate by heparinase, which otherwise 
leaves the extracellular matrix intact while free- 
ing the FGF.“’ The binding site for receptors on 
target cells differs from the binding site to hep- 
aran sulfate or heparin. Heparin inhibits angio- 
genesis in the presence of cortisone.@ From 
these observations, the following hypotheses are 
offered: Heparin introduced into the system can 
bind to bFGF. The heparin-bound bFGF is able 
to diffuse through tissue until it reaches an endo- 
thelial target. Heparin bound to bFGF prevents 
it from being bound again to heparan sulfate in 
the extracellular matrix. Possibly cortisone re- 
duces the amount of heparinase being released, 
and the added heparin uses up the small amount 
of heparinase left. Consequently, heparinase 
would not be available to release bFGF com- 
plexed in the extracellular matrix, thereby inac- 
tivating FGF-driven angiogenesis. 

b. Copper 

Copper ions appear to modulate the level of 
angiogenesis activity by an unknown mecha- 
nism. It has been proposed that copper and hep- 
arin interact to augment angiogenesis by im- 
proving the affinity of FGF for heparin.lg4 

III. Diseases Associated with 
Peripheral Retinal Neovascularization 

A. VASCULAR DISEASES WITH ISCHEMIA 

1. Sickle Cell Hemoglobinopathies 

Patients with sickle cell disease frequently de- 
velop peripheral retinal capillary nonperfusion 
and peripheral neovascularization, which takes 
the shape of a sea fan (Fig. 2, left) a type of cor- 
a1.14!’ For disease associated with retinal neovas- 
cularization, we use “proliferative disease (e.g., 
diabetic) retinopathy” as a name for the stage of 
neovascularization in that disease. Proliferative 
sickle cell retinopathy (PSR) was one of the first 
conditions described with peripheral neovascu- 
larization. Consequently, the designation of sea 
fan is commonly associated with PSR, but any 
neovascularization in the retinal periphery tends 
to have the shape of a sea fan. Neovascularization 
of the iris (NVI)s4 in patients with sickle cell reti- 
nopathy is rare, possibly because the vitreous in 
these young individuals is intact and provides a 
good anterior barrier to the angiogenic stimulus. 
The total area of ischemia may also be insuffi- 

cient to induce NVI. The disk, which is far from 
the ischemic retina, uncommonly develops neo- 
vascularization.‘54 The addition of outer retinal 
ischemia when the retina detaches in patients 
with PSR can induce NVI. 

Sea fan neovascularization is most commonly 
seen with hemoglobin SC disease (Fig. 2, left), 
but may also be seen with hemoglobin SS and S- 
beta+ or S-Beta’ thalassemia. Rarely, patients 
with hemoglobin SO Arab may demonstrate pe- 
ripheral neovascularization.32 The reason for pe- 
ripheral retinal nonperfusion in patients with 
hemoglobin SC is uncertain. The nearly normal 
hematocrit with a presumed elevated whole 
blood viscosity may slow the flow in the far pe- 
ripheral capillaries. The slow flow may allow the 
high oxygen uptake by the retina to deoxygenate 
the blood in the capillaries to the point where 
intracapillary and perhaps precapillary arterio- 
lar sickling occurs. It is possible that in the pe- 
ripheral retina (but less often in other tissues) the 
oxygen desaturation and slow flow are sufficient 
to cause intravascular sickling, which may ex- 
plain the high risk of eye disease but lower 
hazard of systemic disease. The mechanism of 
capillary occlusion in hemoglobin SS may be dif- 
ferent.?14 Even though anemia reduces the vis- 
cosity of the blood compared to hemoglobin SC 
or normal hemoglobin AA, the percentage of ir- 
reversibly sickled cells is higher compared to he- 
moglobin SC. These rigid irreversibly sickled 
cells can occlude precapillary arterioles in the 
peripheral retina as well as elsewhere in the 
body.“” Another theory of the higher prevalence 
of sea fans with SC compared to SS suggests that 
with hemoglobin SS, ischemia progresses rapidly 
to infarction; whereas, with hemoglobin SC, the 
progression is slower.‘88~‘g8 A prospective cohort 
study in Kingston, Jamaica, is following the pe- 
ripheral retina in patients with various sickle he- 
moglobinopathies from birth. This longitudinal 
study seeks to uncover the reason for the disparity 
between the eye disease and the systemic manifes- 
tations in SC and SS hemoglobinopathies.‘99 

In general, sickle cell trait, hemoglobin AS, 
does not cause systemic disease or retinal neovas- 
cularization. It has been suggested but not prov- 
en that sickle cell trait can potentiate the devel- 
opment of peripheral neovascularization in 
patients with other diseases that provoke retinal 
ischemia or neovascularization (e.g., diabetes 
mellitus).‘48 It is unknown if sickle trait by itself 
can cause peripheral neovascularization. 

Sickle cell sea fans can be occluded by laser 
occlusion of the feeding and draining ves- 
sels”“,5’,5? (Section V. E) and cryopexy to envelop 
the sea fan.4’.67 Many sea fans regress after pe- 
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ripheral scatter photocoagulation.“‘,““,‘i’ Fewer 

complications following scatter photocoagula- 
tion led Jampol and coworkers to recommend 
this approach as the initial therapy.“‘” Indica- 
tions for vitrectomy in PSR include non-clearing 
vitreous hemorrhage, retinal traction, retinal de- 
tachment, and epiretinal membranes.“’ 

2. Other Hemoglobinopathies 

Occasional reports describe peripheral neo- 
vascularization in association with nonsickling 
hemoglobinopathies. These include hemoglobin 
.4C,“” and hemoglobin C-beta’ thalassemia.“” 
These associations may be coincidental. The ori- 
gin of the neovascularization in these cases (if it is 
truly associated with the described hemoglobin- 
opathy) remains uncertain. Successful therapy of 
the peripheral neovascularization in association 
with hemoglobin C-beta” thalassemia has been 
reported using peripheral sector panretinal pho- 
tocoagulation.“x 

3. Eales’ Disease 

I‘he eponym “Eales disease” is sometimes 
used to describe patients with unexplained pe- 
ripheral retinal vascular occlusion and neovascu- 
]a*_ization ‘Il.i-t.l”t In most reported cases, the oc- 
clusive process predominantly involves the 
retinal venous circulation. In the United States, 
the term “Eales’ disease” has been used for pa- 
tients in whom no obvious systemic or ocular 
cause has been found for peripheral neovascu- 
larization. These patients have variable manifes- 
tations and may be a conglomeration ofpatients 
who have different origins for the final common 
pathway of peripheral neovascularization. In 
some countries, for example, India, the diagno- 
sis of Eales’ disease is applied to patients who 
appear to have a distinct entity with characteris- 
tic retinal changes; usually this disease affects 
young men, especially those 20-45 years old. Bi- 
lateral sheathing of‘retina] venules and arterioles 
is accompanied by peripheral capillary nonper- 
fusion, particularly superior temporally. Neovas- 
cularization similar in shape to the sea fans in 
proliferative sickle cell retinopathy grows at the 
margin between the perfused and nonperfused 
retina. It is uncertain ifocular inflammation adds 
to the ischemic stimulus for neovasculariza- 
tion.“” The retinal neovascularization may lead 
to vitreous hemorrhage, tractional retinal de- 
tachment, or rhegmatogenous retinal detach- 
ment. Rubeosis iridis, secondary glaucoma, and 
cataract may also ensue. The visual prognosis in 
most cases of Eales’ disease is good. Either a scat- 

ter or feeder vessel type of photocoagulation 
therapy is useful to treat active prolifera- 
tion.“‘“.“‘.“” Vitreous opacities and traction can 
be treated by vitrectomy. 

4. Small Vessel Hyalinosis 

A familial syndrome has been reported”‘.’ char- 
acterized by progressive hyalinosis involving 
capillaries, arterioles, and venules that produces 
vascular lesions in the digestive tract, kidneys, 
skin, and brain. The apparent transmission is 
autosomal recessive, although an autosomal 
dominant pattern has not been completely ex- 
cluded. The syndrome causes peripheral retinal 
ischemia and chorioretinal scars with the devel- 
opment of peripheral retinal neovascularization. 
The neovascularization responds to cryopexy or 
scatter laser photocoagulation.““” 

5. Diabetes Mellitus 

In diabetes mellitus, the density of retinal non- 
perfusion tends to be highest in the midperiph- 
ery, with the posterior retina next in density. But 
even the far peripheral retina can be involved.‘“’ 
With the exception of neovascularization on the 
disk, neovascularization is apt to occur near large 
areas of ischemic retina. Consequently, in prolifl 
erative diabetic retinopathy, most neovasculari- 
zation develops near the vascular arcades or on 
the disk. Occasionally, the neovascularization 
may develop in the periphery, either in the ab- 
sence of much retinopathy in the posterior pole 
or in combination with posterior retinopathy. 
Panretinal scatter photocoagulation arrests or 
minimizes the adverse effects of proliferative dia- 
betic retinopathy.““,“‘,~~,“” Peripheral neovascu- 
larization also responds to focal scatter photoco- 
agulation of the nearby ischemic retina.“” 
Vitrectomy can remove vitreous hemorrhage,” 
vitreoretinal traction, and proliferative tissue.‘” 
The Diabetes Control and Complications Trial 
(DUCT) has shown that tight control of blood 
sugar in insulin-dependent diabetic patients pre- 
vents or delays background diabetic retinopa- 
thy.” The institution of tight control in patients 
with background retinopathy (secondary inter- 
vention) also diminishes the percentage of pa- 
tients developing proliferative or severe nonpro- 
liferative retinopathy and the percentage ot 
patients requiring laser treatment.” 

6. Branch Retinal Vein Occlusion 

Depending on the location and extent of reti- 
nal ischemia secondary to branch retinal vein 
occlusion, neovascularization can occur posteri- 
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orly or in the periphery.‘57 Scatter photocoagula- 
tion in the region of retinal ischemia can prevent 
or treat neovascularization and subsequent vitre- 
ous hemorrhage. I4 Tractional retinal detach- 
ment and epiretinal membrane are well handled 
by vitrectomy. 

7. Branch Retinal Arteriolar Occlusion 

Branch retinal arteriolar occlusion has occa- 
sionally been implicated in peripheral retinal 
neovascularization. These few reports, however, 
have not proven this association. Krausher and 
Brown described patients with non-insulin-de- 
pendent diabetes mellitus and such occlusions, 
who developed peripheral neovascularization in 
the absence of observable diabetic retinopathy.“g 
The diabetes, or ocular ischemia, may have been 
a contributing factor to arteriolar obstruction. 
Branch (and central) retinal arteriolar occlusion 
rarely leads to neovascularization, probably be- 
cause the inner retina undergoes infarction, 
which does not stimulate neovascularization. 
Ischemic retina is alive and capable of releasing 
angiogenic substance. Infarcted tissue is dead 
and is not. 

8. Retinal Embolization 

Peripheral retinal neovascularization develops 
in some intravenous drug abusers who crush and 
intravenously inject pills containing talc as a lill- 
er.ro.“n,‘7g Several possible mechanisms may con- 
tribute to the development of talc retinopathy. 
Particles capable of occluding retinal blood ves- 
sels, which have a minimum diameter of 5F,, may 
pass through the lungs, where capillaries may be 
15~. Alternatively, collaterals that have formed 
to bypass talc occlusions of lung vessels may allow 
passage of larger talc particles that can reach the 
retinal circulation. Following intravenous injec- 
tion of embolic material, foci of nonperfusion 
may occur posteriorly or in the peripheral retina 
of people or experimental animals.‘0~‘“0~‘7g We 
were unable to induce disk, retinal, or iris neo- 
vascularization in monkeys despite chronic talc 
embolization.“” Nevertheless, when there is suf- 
ficient occlusion of the retinal circulation by the 
talc particles, retinal neovascularization oc- 
curs.“’ Scatter photocoagulation and cryopexy 
have been described as effective means to treat 
this peripheral neovascularization.g3Szo3 

Other types of embolization may also cause 
peripheral neovascularization. A patient with 
rheumatic cardiac valvular disease has been de- 
scribed with retinal vascular embolization and 
neovascularization. ‘I6 Some patients with mitral 

valve prolapse chronically release platelet-fibrin 
emboli to the eyes, “’ which leads to retinal vascu- 
lar occlusion and ischemia.23 To date, however, 
this has not been associated with peripheral neo- 
vascularization. 

9. Retinopathy of Prematurity 

The natural history of retinopathy of prema- 
turity (ROP) and the response of neovasculariza- 
tion in ROP to cryopexy of the avascular periph- 
eral retina have been extensively studied in the 
Cryo-ROP study. I59 The normal vascularization 
of the retina starts at about four months’ gesta- 
tion and is not complete until about the time of 
delivery. The amount of peripheral retina with- 
out circulation depends on the gestational age. 
More than 50% of the retina may be avascular in 
a viable premature birth. Our present under- 
standing is that the normal vasculogenesis proc- 
ess in the retina can be arrested by high levels of 
oxygen or other imbalances that can occur ex 
utero.“6*“82’6’ A theory has been proposed that 
insufftcient gap junctions between spindle cells 
in the retina are the cause of the neovasculariza- 
tion.‘*’ Possibly the delay in normal vasculogene- 
sis allows pathologic neovascularization to devel- 
op in response to the ischemic peripheral retina. 
It is not clear whether the peripheral immature 
and nonperfused retina in eyes with ROP is truly 
ischemic as compared to normal eyes or prema- 
ture eyes without ROP. The extraretinal neovas- 
cularization seen with ROP differs considerably 
in its appearance from the other entities de- 
scribed in this review. It may differ considerably 
in its pathogenesis. If normal vasculogenesis re- 
sumes, and the peripheral retina is vascularized 
before the neovascularization is extensive, the 
process of neovascularization stops and cicatri- 
cial effects may be minimized. On the other 
hand, if the proliferation progresses to tractional 
retinal detachment, the pace of proliferation 
tends to pick up, possibly because outer retinal 
ischemia in the detached retina adds to the inner 
retinal ischemia in the nonvascularized retina. 
The neovascularization of ROP is often bilateral, 
but may be asymmetric. Although models of reti- 
nopathy of prematurity have been developed in 
dogs, cats, and other animals, none really match- 
es the natural history of the human disease. 

When the neovascularization reaches a thresh- 
old level while much of the peripheral retina is 
still nonperfused, cryopexy or scatter laser treat- 
ment of the avascular retina improves the likeli- 
hood of a favorable outcome (attachment of the 
macular region) from 50% to 70% or greater. 
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Timing of the treatment may be important, espe- 
cially when neovascularization is active while the 
majority of the retina is still not vascularized. If 
tractional retinal detachment is incipient or pres- 
ent under those circumstances, treatment may 
not stop the proliferation. 

10. Familial Exudative Vitreoretinopathy 

In familial exudative vitreoretinopathy (FEVR), 
peripheral neovascularization may occur in 
young children of normal birthweight. Unlike 
ROP, there is often a family history of the same 
eye problem. Many pedigrees of this condition 
have been described,25,37 usually with an autoso- 
ma1 dominant pattern, but very variable expres- 
sivity. The appearance of the ocular fundus re- 
sembles ROP. Normal vasculogenesis stops 
before the retina is completely vascularized. Ap- 
parently, the avascular retina continues to signal 
for new blood vessels, but the vessels at the mar- 
gin of the avascular zone, where vasculogenesis 
should occur, do not respond to the stimulus. 
Developed vessels that can respond, either pos- 
terior to the nonresponsive vascular margin or in 
a meridian with more complete vascularization 
of the peripheral retina, may develop neovascu- 
larization and stimulate cicatricial changes, such 
as straightened arcade vessels, fovea1 ectopia, 
meridional folds, tractional retinal detachment, 
or traction-induced rhegmatogenous retinal de- 
tachment. Cryopexy ablation of the stimulating 
avascular retina can arrest active proliferation.s7 
Recent experience indicates that panperipheral 
photocoagulation in the avascular retina is also 
effective. Early identification of avascular retina 
in newborns at risk may allow adequate follow- 
up and, where appropriate, ablation therapy to 
prevent neovascularization and cicatrization. 

11. Hyperviscosity Syndromes 

Abnormal increases in the cellular elements or 
proteins in the blood may increase the viscosity 
of the blood. White ceils or erythrocytes may in- 
crease viscosity. Polycythemia infrequently leads 
to neovascularization. ‘lo The pronounced leuko- 
cytosis seen in patients with chronic leukemias, 
especially chronic myelogenous leukemia, can 
affect both the central nervous system16’ and the 
eye.“* In the peripheral retina, perivenous 
sheathing and microaneurysm formations are 
accompanied by peripheral stagnation of blood 
flow and capillary nonperfusion.“’ The retinal 
venules are dilated, unlike the thin venules seen 
in other patients with ischemic retina and pe- 
ripheral neovascularization. The sea fan neovas- 
cularization develops at the interface of perfused 

and nonperfused retina.689145 These patients usu- 
ally have extremely elevated white blood cell 
counts, well above 100,000 cells per cubic milli- 
meter. 

One case report described peripheral retinal 
neovascularization in a patient with chronic my- 
elogenous leukemia and diabetes mellitus.‘** 
This patient never had a white cell count greater 
than 37,600 cells per cubic millimeter, but had 
markedly elevated platelet counts, between 
28 1,000 and 988,000 per cubic millimeter. It was 
hypothesized that the extremely high platelet 
count caused sludging of blood, with regions of 
ischemia of the peripheral retina resulting in 
neovascularization.‘** The diabetes mellitus and 
the moderately elevated white count may have 
contributed to the conditions for neovasculariza- 
tion. 

Patients with dysproteinemias may also show 
stagnation of retinal blood flow, microaneu- 
rysms, and capillary nonperfusion. It takes a 
much greater elevation of smaller proteins, such 
as IgG, to raise the viscosity of blood than does 
elevation of larger proteins, such as IgM. 
Though peripheral neovasculariiation in pa- 
tients with dysproteinemia seems possible, it has 
not been reported to occur. 

12. Aortic Arch Syndromes, Ocular Ischemic 
Syndromes 

Patients with occlusion of large arteries sup- 
plying the cerebral and ocular circulations (e.g., 
carotid insufficiency, aortic arch syndromes), 
may show peripheral retinal and disk neovascu- 
larization in response to generalized ocular isch- 
emia.‘g*g8~‘58 These new vessels are a response to 
inner and possibly outer retinal ischemia. Causes 
include arteritis (e.g., Takayasu’s disease), syphi- 
lis, and atherosclerosis. Because of the reduced 
choroidal perfusion and generalized ocular is- 
chemia, ablation therapy is less effective; never- 
theless, scatter photocoagulation or cryopexy 
have been reported to be effective in some cases 
of ocular ischemic syndrome.27*50,53,176 

13. Carotid-Cavernous Fistula 

Ocular ischemia induced by arteriovenous 
shunting of blood intracranially or intraorbitally 
can result in peripheral retinal ischemia and 
neovascularization. One case report described 
the development of peripheral retinal and disk 
neovascularization in a patient who was treated 
for a carotid-cavernous fistula.“3 It was uncer- 
tain if the neovascularization was related to 
shunting of blood or ischemia induced by carotid 
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occlusion surgically created to treat the fistula. In tachment. The peripheral neovascularization 

another report, panretinal scatter photocoagula- was successfully treated by cryotherapy.‘g The 

tion caused a regression of the neovasculariza- ischemia and congestion can be relieved by loos- 
tion in a patient with carotid-cavernous fistula.g6 ening or cutting the encircling structure. 

14. Multiple Sclerosis 

Patients with multiple sclerosis may develop 
retinal vasculitis, manifested by peripheral reti- 
nal vascular sheathing, particularly venous 
sheathing.’ Occasionally, inflammatory changes 
in retinal veins may occlude the vessel, causing 
retinal ischemia. Several patients have now been 
reported in whom periphlebitis has led to pe- 
ripheral retinal neovascularization.‘44~‘oa Theo- 
retically, antiinflammatory treatment for the 
phlebitis might prevent the occlusion. Once 
ischemia has developed, regional ablation of the 
ischemic area would be the treatment ofchoice to 
prevent or control peripheral neovasculariza- 
tion. 

15. Toxemia of Pregnancy 

Toxemia of pregnancy has been reported in 
association with peripheral proliferative retinop- 
athy.‘” Toxemia is associated with fibrin-platelet 
deposition in capillary beds throughout the 
body, and this activation of the coagulation sys- 
tem in small blood vessels could account for cap- 
illary occlusion, ischemia, and the subsequent 
development of proliferative retinopathy. Re- 
gression of the neovascularization with scatter 
photocoagulation has been reported.13 

16. Encircling Buckling Operation 

An encircling buckling operation for retinal 
detachment, particularly a buckle with a tight 
encircling structure or high indentation, distorts 
the posterior ciliary arteries coursing forward 
through the choroid and puts pressure on the 
vortex veins as they pass obliquely through the 
sclera. The vortex veins carry almost all the 
blood from the choroid, ciliary body, and iris. 
Reduced circulation in the posterior ciliary arter- 
ies and elevated pressure in the vortex veins can 
cause anterior segment ischemia and congestion, 
with cornea1 decompensation, anterior segment 
inflammation, hyphema, shallowing of the ante- 
rior chamber, iris atrophy, rubeosis iridis, cata- 
ract, and either hypotony or secondary glauco- 
ma. Peripheral retinal neovascularization has 
been reported following encircling buckles.?g 
Presumably there was compromise of the retinal 
or choroidal blood flow. Alternatively, the pe- 
ripheral retinal neovascularization seen with en- 
circling buckles may have been associated with 
chronic retinal ischemia from chronic retinal de- 

B. INFLAMMATORY DISEASES WITH 

POSSIBLE ISCHEMIA 

Many inflammatory diseases may be associated 
with retinal, disk, and iris neovascularization. 
Since vascular involvement by inflammation may 
cause ischemia, it is often difficult to sort out the 
role of inflammatory cells verses ischemia in the 
development of neovascularization. Similarly, 
there is very little written on the treatment of 
retinal neovascularization in these entities with 
anti-inflammatory therapy, such as corticoste- 
roids. If inflammation is the main angiogenic 
stimulus, early treatment before the develop- 
ment of ischemia or neovascularization may be 
effective. Treatment at a later time may be inef- 
fectual. 

1. Sarcoidosis 

The uveitis in patients with sarcoidosis may be 
accompanied by posterior segment involvement 
with retinal periphlebitis.‘*’ The stimulus for 
neovascularization may be retinal ischemia fol- 
lowing inflammatory blockage of one or more 
veins, or may be factors released by inflamma- 
tory cells. Peripheral retinal and posterior pole 
neovascularization may occur. The development 
of peripheral retinal neovascularization has been 
reported with sarcoidosis,‘.“.4g,RX in one patient 
with sarcoidosis and sickle cell anemia,ls5 and in 
one patient with sarcoidosis and thalassemia.“’ 
Scatter laser photocoagulation has been used 
successfully to treat peripheral proliferative sar- 
coid retinopathy.4g’88 

2. Retinal Vasculitis 

Patients with retinal vasculitis affecting either 
arterioles or venules may develop peripheral ret- 
inal neovascularization. The retinal vasculitis 
may be associated with systemic vasculitis or with 
uveitis. The neovascularization may be a result of 
inflammation, ischemia, or a combination of the 
two. We have described retinal arteriolitis caus- 
ing branch retinal arteriole occlusion with capil- 
lary nonperfusion and peripheral neovasculari- 
zation.‘Og 

Systemic lupus erythermatosus (SLE) can 
cause thrombosis of capillaries and small-to-me- 
dium size arteries and veins, leading to prolifera- 
tive retinopathy.‘“‘~“5?07 In patients with SLE, 
this thrombosis may be secondary to active vas- 
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culitis or to a nonvasculitic occlusion related to 
lupus anticoagulant or anticardiolipin anti- 
body.” Proliferative lupus retinopathy may pro- 
gress despite normal antinuclear antibody (ANA) 
titers and serum complement levels. There does 
not have to be serologic evidence of active SLE 
for neovascularization to develop, especially if 
retinal ischemia already is present. Regression of 
the neovascularization following panretinal scat- 
ter photocoagulation has been described.‘0’*207 

Patients with mild or presumptive SLE and 
autoantibodies to Sjogren’s syndrome A-antigen 
(SS-A antigen) have been reported to develop 
peripheral retinal neovascularization.57 It is in- 
teresting that SS-A antibodies are found in a high 
percentage of ANA-negative SLE patients and 
that these patients have a distinctive clinical ap- 
pearance. I69 It appears that retinal vasculitis is 
seen more often in lupus-like illnesses if SS-A 
autoantibodies are present5’ 

Recently, a condition called acute multifocal 
hemorrhagic retinal vasculitis has been de- 
scribed, characterized by vision loss, retinal hem- 
orrhage, posterior retinal infiltrates, vitritis and 
papillitis in otherwise healthy patients.” Retinal 
neovascularization occurs in these patients, pre- 
sumably due to vasculitis and retinal inflamma- 
tion or nonperfusion. Panretinal scatter photo- 
coagulation has been shown to cause regression 
of this neovascularization.‘* 

Patients with acute retinal necrosis (see below), 
retinal vasculitis accompanying posterior ocular 
infection, (e.g., viral infection) or infestation 
(e.g., toxoplasmosis) may show vascular occlu- 
sion, ischemia, and retinal neovascularization. 

3. Uveitis 

Patients with peripheral uveitis (pars planitis) 
and other forms of chronic uveitis may develop 
neovascularization of the disk.lsg In some pa- 
tients, a fibrovascular membrane develops over 
the ora serrata, pars plana, and inferior retina, 
especially inferiorly. l8 Peripheral scatter treat- 
ment has been used to control the prolifera- 
tion.58 

4. Birdshot Retinopathy 

Birdshot retinochoroidopathy is characterized 
by white patches at the level of the outer retina or 
retinal pigment epithelium, vitritis, and macular 
edema. Retinal neovascularization has been 
found adjacent to peripheral retinal nonperfu- 
sion.*,‘68 Scatter photocoagulation in the region 
of retinal neovascularization and retinal nonper- 
fusion has caused regression of the neovasculari- 

zation.* 

5. Toxoplasmosis 

Foci of retinitis can result in obstruction of 
arteries and veins coursing through or near the 
retinitis. When toxoplasmosis causes interrup- 
tion of the retinal vasculature, peripheral retinal 
neovascularization can occur.73 Angiogenic fac- 
tors released by inflammatory cells or ischemia 
may produce the neovascularization. 

6. Acute Retinal Necrosis 

Acute retinal necrosis syndrome (ARN) is char- 
acterized by an acute anterior uveitis, vitritis, 
necrotizing retinitis, and retinal vasculitis. Her- 
pes simplex and herpes zoster have been associ- 
ated with ARN. Previously infected retina can be 
reduced to a network of remnant blood vessels 
and a thin glial membrane that loses its adhesion 
to the choroid, resulting in retinal detachment. 
Patients with ARN may develop retinal neovas- 
cularization,g7~2’2 probably from angiogenic fac- 
tors released by inflammatory cells or retinal 
ischemia. If there is retinal detachment, outer 
retinal ischemia may contribute to the stimulus 
for neovascularization. Wang et al described res- 
olution of retinal neovascularization after vitrec- 
tomy. *‘*The mechanism for this resolution could 
be removal of inflammatory cells, removal of ex- 
tracellular matrix that holds an angiogenic factor 
close to the retina, or elimination of the support- 
ing framework for the neovascularization. 

C. MISCELLANEOUS CAUSES OF 

PERIPHERAL NEOVASCULARIZATION 

1. Incontinentia Pigmenti 

This rare disease has an x-linked dominant 
inheritance pattern. It is usually lethal in utero in 
males, where the affected gene is unaccompan- 
ied by a normal gene; hence, its occurrence al- 
most exclusively in females. It is characterized by 
cutaneous, ocular, and dental abnormalities.2’3 
Extensive areas of the retinal periphery lose cir- 
culation. The pathogenesis of the loss of circula- 
tion is unknown. Peripheral neovascularization 
(Fig. 1, right) may lead to vitreous hemorrhage 
and retinal detachment. Cryotherapy effectively 
prevents or causes regression of the neovascular- 
ization.‘52~‘70 

2. Telangiectasia, Spondyloepiphyseal 
Dysplasia 

A syndrome has been described in two sisters 
who showed telangiectasia involving the face and 
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limbs, dwarfism from spondyloepiphyseal dys- 
plasia, and hypothyroidism. Ocular manifesta- 
tions include neovascularization from the retina, 
tractional retinal detachment, and iris neovascu- 
larization.‘24 

Parafoveal retinal telangiectasis has also been 
reported in association with anterior retinal isch- 
emia and iris and posterior segment neovascu- 
larization.‘?g” 

3. Inherited Retinal Venous Beading 

Inherited “retinal venous beading” appears to 
be a distinct autosomal dominant disorder char- 
acterized by beading of the retinal veins.13’ Pa- 
tients may also have retinal microaneurysms, ret- 
inal hemorrhages, exudates, neovascularization, 
and vitreous hemorrhage.‘3g~‘g3 The cause of the 
venous beading is unknown, but it has been pos- 
tulated that the neovascularization may be asso- 
ciated with retinal nonperfusion. The venous 
beading could be an exaggerated response of the 
vein to chronic angiogenic stimulation. This neo- 
vascularization may regress with panretinal scat- 
ter laser photocoagulation.‘g3 

4. Autosomal Dominant 
Vitreoretinochoroidopathy 

In 1982, Kaufman et al described autosomal 
dominant vitreoretinochoroidopathy, a retinal 
dystrophy with abnormal peripheral chorioreti- 
nal pigmentation with a sharp posterior border 
near the equator.“* Affected patients may also 
have leakage of the retinal vasculature, macular 
edema, punctate whitish retinal opacities, pre- 
senile cataracts, fibrillar condensation of the vit- 
reous, narrowing and closure of the retinal arte- 
rioles, and retinal neovascularization.“*“4 Blair 
et al reported that hemorrhage from retinal neo- 
vascularization may contribute to visual loss.” 
Electroretinography is normal. Abnormal vitre- 
ous fluorophotometry confirms vascular leak- 
age. 

5. Longstanding Retinal Detachment 

Retinal detachment of long duration may lead 
to the development of peripheral retinal neovas- 
cularization.5g~‘0’ The neovascularization may be 
a response to the outer retinal ischemia due to 
separation of the outer retina from its nutritional 
supply in the choroid. It also may be due to inner 
retinal ischemia secondary to a disruption of the 
retinal circulation in the detached retina. Suc- 
cessful repair of rhegmatogenous retinal detach- 
ment usually leads to regression of the neovascu- 
larization, probably from reduction in retinal 

ischemia.5” Cryotherapy, which may allow pro- 
teins holding subretinal fluid in exudative retinal 
detachment to escape to the choriocapillaris, can 
reduce associated neovascularization.’ 

6. Choroidal Melanoma and Hemangioma 

Both disk and midperipheral retinal neovas- 
cularization have been described in a patient 
with choroidal melanoma.206 This patient had an 
exudative retinal detachment in the area of neo- 
vascularization. Possible stimuli for neovasculari- 
zation include a tumor angiogenic factor, outer 
retinal &hernia in the detached retina, and 
growth factors from inflammatory cells. We have 
seen a similar case where the neovascularization 
regressed following treatment of the melanoma 
by radioactive iodine plaque, possibly by reduc- 
ing tumor angiogenesis or eliminating the reti- 
nal detachment. We have also seen a case of reti- 
nal neovascularization in an area of exudative 
retinal detachment over a choroidal heman- 
gioma, and this has recently been described in 
the literature.“’ 

7. Retinitis Pigmentosa 

Patients with retinitis pigmentosa can develop 
disk or midperipheral neovascularization.‘7~‘50~204 
It has been postulated that the patients have de- 
veloped this neovascularization as a consequence 
of peripheral retinal ischemia. A proposed se- 
quence of events is that loss of photoreceptors 
leads to retinal thinning, increased oxygen ten- 
sion, vasoconstriction, and neovascularization.204 
An alternative explanation is that the angiogene- 
sis is mediated by inflammatory cells, which are 
seen in eyes with retinitis pigmentosa. The neo- 
vascularization has been successfully treated by 
cryopexy.“” Depigmentation and death of the 
pigment epithelium can interfere with the pro- 
duction of photocoagulation lesions. 

8. Retinoschisis 

Neovascularization has been found with both 
x-linked (juvenile) retinoschisis and degener- 
ative retinoschisis. 24,‘63 De g enerative retinoschi- 
sis may be accompanied by retinal vascular 
sheathing and vascular occlusion.24 Similarly, in 
juvenile retinoschisissg and Goldmann-Favre ret- 
inoschisis,60 white deposits in the walls of periph- 
eral retinal blood vessels in a network or white 
bone spicule pattern (arborization) may occlude 
part of the peripheral retinal circulation. This 
ischemia may be the stimulus for neovasculariza- 
tion. 
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9. Cocaine Abuse 

We have seen peripheral retinal neovasculari- 
zation in a young woman who used nasal cocaine 
chronically. There were no other risk factors for 
retinal neovascularization. The basis of the neo- 
vascularization may be ischemia from repeated 
episodes of hypertension and retinal vasocon- 
striction. Scatter photocoagulation in the vicinity 
of the neovascularization produced partial re- 
gression of the neovascularization. 

IV. Diagnostic Evaluation of Patients 
with Peripheral Retinal 

Neovascularization 

Evaluation of a patient with peripheral retinal 
neovascularization should include ocular and 
systemic examinations seeking evidence of the 
entities described in this review (Table 1). Since 
peripheral retinal neovascularization is fre- 
quently found as a manifestation of systemic dis- 
ease, an examination by an internist is often indi- 
cated. Depending on the clinical eye findings, 
and the systemic history and physical examina- 
tion, one or more of the following tests may be 
useful to identify the etiology: 

1) Hemoglobin electrophoresis to detect sick- 
ling hemoglobinopathies; 

2) Complete blood count to detect polycythe- 
mia or leukemia; 

3) Chest x-ray, serum lysozyme,“j’ serum an- 
giotensin converting enzyme,lg6 and gadolin- 
ium scanning for sarcoidosis; 

4) Serum protein electrophoresis to detect 
dysproteinemia; 

5) Glucose tolerance test and hemoglobin 
AlC to detect diabetes mellitus; 

6) Physical examination for cardiovascular 
disease, especially requesting evaluation for car- 
diac valvular disease, carotid artery disease, aor- 
tic arch syndromes, or carotid-cavernous fistula; 

7) Sedimentation rate, and complement de- 
termination (C3) to detect vasculitis; antinuclear 
antibody; PTI’ and VDRL to screen for anticar- 
diolipin antibodies, measurement of anticardio- 
lipin antibodies; SS-A autoantibody for atypical 
lupus; 

8) Family history of hereditary conditions 
such as familial exudative vitreoretinopathy and 
examination and counseling by physicians 
knowledgeable about genetic diseases; 

9) Blood pressure and urine protein level in 
pregnancy to detect preeclampsia; 

10) Other systemic examination and tests if 
other entities noted in Table 1 are suspected. 

V. Treatment of Peripheral Retinal 
Neovascularization 

Treatment can be aimed at prevention of the 
proliferative phase, inhibition of angiogenesis, 
induction of regression of neovascularization, 
elimination of the tissue framework (scaffolding) 
for neovascularization, removal of opacities such 
as hemorrhages or membranes, reduction of 
traction on the retina, or repair of a detached 
retina. Presently, we are learning about the path- 
ways and mechanisms of the neovascular proc- 
ess. Since the process is complex, there may be 
several points where intervention can impede or 
arrest the course of events. 

A. PREVENTION AND TREATMENT OF THE 

UNDERLYING CAUSE 

Awareness of the factors in a disease that lead 
to neovascularization allows us to manage those 
factors. For example, tight control ofblood sugar 
to produce a near-normal hemoglobin AlC in 
diabetes may delay or prevent occlusive diabetic 
vasculopathy that leads to many of the complica- 
tions of diabetes, including proliferative diabetic 
retinopathy. 42 For prevention, the concept is of- 
ten to try to diminish inflammation or prevent 
ischemia. However, once the retina is ischemic, 
control of the underlying disease may not reduce 
the stimulus for neovascularization. Though in- 
flammatory cells are part of angiogenesis, it is 
difficult to predict the effect of anti-inflammatory 
therapy in preventing neovascularization. It ap- 
pears that corticosteroid therapy of active peri- 
phlebitis from sarcoid may halt progression of 
the venous occlusion that precedes proliferative 
sarcoid retinopathy. Much more research is 
needed in this area. Removing or inactivating a 
tumor prevents or treats tumor-induced angio- 
genesis. 

B. GROWTH FACTORS 

Growth factors initiate and maintain neovas- 
cularization. It seems likely that normal mature 
blood vessels usually remain unchanged without 
angiogenic factors. (The alternative to this, that 
blood vessel homeostasis at all times requires a 
balance of angiogenic and inhibitory factors 
seems very unwieldy.) New blood vessels, how- 
ever, often regress when the angiogenic stimulus 
is removed. Inhibition of angiogenesis can be ac- 
complished by interfering with the production 
or action of growth factors. Theoretically hepa- 
rin and corticosteroids could prevent vascular 
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proliferation or cause its regression by reducing 
unbound bFGF available for the endothelial cell 
receptors. One hypothesis for the effect of photo- 
coagulation is that injury to the retinal pigment 
epithelium allows active growth factors to pass 
from the retina and vitreous through the regen- 
erated retinal pigment epithelium to be carried 
away by the choroidal circulation, thus making it 
unavailable to the endothelial cells of the retinal 
vessels. 

C. INHIBITORY FACTORS 

Substances have been identified that inhibit 
some aspect of the neovascular process, but most 
have not been tested as clinical antiangiogenic 
treatments. TGF-B inhibits endothelial cell pro- 
liferation in vitro’j’ and possibly in vivo.gg TNF 
has several antiproliferative activities. It inhibits 
bFGF stimulated endothelial proliferation.‘s6 It 
may be toxic to stimulated endothelial cells, and 
blocks the migration of endothelial cells in re- 
sponse to a stimulus. L37 Retinal pigment epithe- 
lial cells can release an antiangiogenic factor, and 
it has been proposed that cryopexy or photoco- 
agulation stimulates the release of this sub- 
stance.77 Some tissues naturally are not vascular- 
ized. Extracts of cartilage and vitreous inhibit 
neovascularization.‘5*‘6 By an unknown mecha- 
nism, the interferons inhibit tumor and immun- 
ologically induced angiogenesis, probably inde- 
pendent of their antiproliferative effects.lgO 
Interferon is particularly effective in the treat- 
ment of vascular tumors, such as Kaposi’s sarco- 
ma and congenital hemangiomas. It seems un- 
likely that interferon alpha 2a is clinically 
effective in attenuating choroidal neovasculari- 
zation, as reported by Fung,” since several 
groups have been unable to show a beneficial 
effect. ‘64a~1gga Through its cytotoxic effects and re- 
duct.ion of inflammatory cells, 5FLJ inhibits vas- 
cular and fibrous proliferation. Devices are being 
developed for the slow intraocular release of 
drugs such as 5FU.“* 

D. VITRECTOMY 

Whereas the vitreous itself may inhibit the 
growth of blood vessels into the vitreous body, 
neovascularization can grow along the posterior 
vitreous face. Fibrosis that follows the neovascu- 
larization along the posterior vitreous face con- 
tracts, producing anteroposterior or tangential 
traction that may lead to tractional or rhegma- 
togenous retinal detachment. The indications 
for vitrectomy include the need for removal of 
vitreous hemorrhage or epiretinal membranes 

and reattachment of tractional or secondary 
rhegmatogenous retinal detachment. Vitrec- 
tomy removes the matrix necessary to support 
new blood vessel growth. After the vitreous is 
removed, new blood vessel growth stops or is 
greatly attenuated along the retinal surface. In 
addition to removing the matrix necessary for 
blood vessel growth, vitrectomy may also remove 
the matrix that holds the responsible growth fac- 
tor in proximity to the retina. 

E. PHOTOCOAGULATION AND CRYOPEXY 

Photocoagulation can be applied directly to 
the feeding and draining vessels for direct clo- 
sure of the neovascular circulation,30~‘03~‘04~‘og~2’5 
or it can be placed in a pattern in the nearby 
retina or over the entire retinal periphery for 
indirect regression of the neovascularization.‘,“. 
14.27,40,43,44,49,50,52,53,58,88,93.96.102,l17,136,138,139.172,192.193,207 ne 

wavelength is probably of minimal importance. 
The blue component of the blue-green laser may 
be toxic to the patients’ or physicians’ eyes and 
should be eliminated. The green laser produces 
lesions centered at the level of the pigment epi- 
thelium. Yellow laser at 576 nm is maximally 
absorbed by hemoglobin, a useful property for 
direct treatment of blood vessels. Red and in- 
frared laser is absorbed partially by the pigment 
epithelium and partly by the pigment in the 
choroid. Consequently, to produce retinal co- 
agulation, a larger amount of choroidal damage 
occurs. Since there is less absorption of red or 
infrared laser by hemoglobin or a yellow lens 
nucleus, mild vitreous hemorrhage or nuclear 
cataract is penetrated better with these wave- 
lengths, and there is less heating of the red cell 
hazed vitreous. 

Peripheral neovascularization is not well treat- 
ed by focusing the laser energy on the elevated 
neovascular tips. The optimum spot size for scat- 
ter treatment or direct application to the feeding 
or draining vessels is 500+so An exposure time 
over 0.5 seconds creates a larger volume of treat- 
ment than a duration of 0.1 seconds. The white 
color in a fresh laser burn comes from denatured 
albumin in the retina. Since the lesion is centered 
in the choroid, red or infrared laser burns can 
exceed the vapor point in the choroid if an in- 
tense white lesion is attempted. Red or infrared 
lasers should be applied for a minimum duration 
of 0.3 to 0.5 seconds to reduce the risk of a vapor 
bubble. 

Feeder vessel treatment to feeding arterioles 
and draining venules has been used to treat pe- 
ripheral proliferative retinopathies, especially 
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sickle cell disease. Attempts are made to treat 
intensely on the arteriole until segmentation of 

the blood column occurs. The veins are then 

treated. The safest method of occluding feeding 
and draining vessels is to make mild to moderate 

lesions for several (500~) lesion widths along the 
treated vessels, wait two weeks for hyperpigmen- 
tation of the RPE and thinning of the retina, and 
retreat over the previous treatment with 0.2 to 
0.5 second spots of sufftcient power to occlude 

the vesselsa Use of feeder vessel photocoagula- 

tion for proliferative sickle cell retinopathy with 
either laser or xenon arc was effective in prevent- 
ing vitreous hemorrhage and vision loss from 
vitreous hemorrhage, and reduced vision loss 
from all causes.30,‘03,104 Overly aggressive at- 

tempts to occlude feeding and draining blood 
vessels in the retina, especially with 100 or 200~ 
spots, can result in vapor bubble formation, 
bleeding from fractured choroidal capillaries, 
breaks in Bruch’s membrane, and subsequent 
chorioretinal or choriovitreal neovasculariza- 
tion.‘6*30~47*so~83~‘03*‘04 Feeder vessel technique has 

also been used to treat Eales’ disease215 and occa- 
sionally other causes of neovascularization.“’ 

Scatter photocoagulation for peripheral neo- 
vascularization is generally applied with a mild- 

moderate intensity burn with a density of half to 
one lesion width separation to the ischemic reti- 

nal periphery (panperipheral photocoagula- 
tion). Small neovascular structures tend to re- 

gress with scatter photocoagulation of the 
ischemic retina or retinal periphery in the vicini- 
ty of the neovascularization (local scatter). This 
treatment did not produce serious side effects in 

patients with PSR. 56 However, careful, sensitive 

testing of retinal function, such as color vision 
testing, visual field measurements, and contrast 
sensitivity, were not performed in these patients. 
The apparent safety of this method recommends 
it as the initial type of photocoagulation.’ Local 
scatter treatment has been effective in the treat- 
ment of sickle cell disease.5”Bg3*172 Studies in the 
sickle cell population showed that this technique 
reduces the incidence of vitreous hemorrhage 
and vision loss in patients with PSR. Local scatter 
photocoagulation has also been used in patients 
with branch retinal vein occlusion,‘4 Eales’ dis- 
ease ‘36,‘g2 and retinopathy of prematurity.‘z3,‘38 
For ;he last disease, local scatter photocoagula- 
tion compared to cryotherapy may lessen the 
amount of conjunctival scarring, scleral injury, 
and choroidal injury. Local scatter photocoagu- 
lation has also been shown to be useful in patients 
with neovascularization from sarcoidosis,4g,88 lu- 

pus erythematosus, pars planitis5* talc retinopa- 
thy,g3 and birdshot retinochoroidopathy.’ 

Panretinal scatter photocoagulation is firmly 
established as the treatment of choice for most 
cases of proliferative diabetic retinopathy.43s44 Al- 

though panretinal photocoagulation can be asso- 
ciated with peripheral field loss, and some color 
vision and central visual loss, severe complica- 

tions are rare. Other entities that have been 
treated with panretinal photocoagulation in- 
clude lupus erythematosus,“’ proliferative talc 
retinopathy,g3.‘03 aortic arch syndrome,27*50p53 ca- 

rotid-cavernous fistulaY6 acute multifocal hem- 
orrhagic vasculitis,” inherited retinal venous 
beading,‘3g*‘g3 and sarcoidosis.4g 

Several hypotheses may explain the attenu- 

ation of the neovascularization from scatter pho- 
tocoagulation. The laser scars may offer egress 
for growth factors from the retina and vitreous to 
the choroidal circulation (the hypothesis favored 

by one of the authors [MG]). Scatter photocoagu- 
lation destroys some of the ischemic retina. Ne- 
crosis of the outer retina brings the ischemic in- 

ner retina closer to the high oxygen level of the 
choriocapillaris. Death of photoreceptor cells, 
the major consumers of oxygen, allows more 
oxygen to reach the inner retina. The injured 
pigment epithelium may release an angioinhibi- 
tory factor. Whatever the reason, the method is 

effective. 
In general, photocoagulation is preferred to 

cryopexy for the treatment of peripheral neovas- 
cularization. Cryopexy used to offer an advan- 
tage in treating the peripheral retina, but the 

indirect ophthalmoscope delivery system for la- 
sers eliminates that advantage. The ease of this 
new laser delivery is making panperipheral pho- 
tocoagulation the preferred method for scatter 
treatment of the avascular or far peripheral ret- 
ina in ROP and other entities like PSR. 

When media haze interferes with creation of 
laser lesions, cryopexy is an alternative,3g~8’*87~g3~ 
126,‘52,‘53,‘59.170,‘76,204 It can be placed in a fashion 
similar to scatter photocoagulation for indirect 
attenuation of neovascularization. This tech- 
nique has been used in patients with retinopathy 
of prematurity,3g*‘5g incontinentia pigmenti,“’ 
retinitis pigmentosa,204 sickle cell disease,g3,‘46 fa- 
milial exudative vitreoretinopathy,” longstand- 
ing retinal detachment, and ocular ischemic syn- 
drome.‘76 

Peripheral neovascularization can also be di- 
rectly treated with an ice ball that is allowed to 
grow to envelop the neovascular structure as a 
single freeze-thaw application.‘26 Multiple freeze- 
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thaw applications of cryopexy to the same spot 
causes more retinal necrosis than single applica- 
tions. ” If retinal traction exists, the necrotic ret- 
ina can tear. 

VI. Conclusions 

A wide variety of diseases can cause peripheral 
retinal neovascularization. The process leading 
to retinovitreal neovascularization is complex. 
Underlying the list of diseases associated with 
retinal neovascularization are the common 
themes of inflammation, ischemia, and tumor 
angiogenesis, with the possibility that ischemia 
and tumor angiogenesis are partly mediated 
through inflammation. We have reviewed the 
process of angiogenesis in the eye and the clinical 
entities that are associated with peripheral reti- 
nal neovascularization. Knowledge of this list of 
diseases that can cause peripheral neovasculari- 
zation aids in the clinical evaluation. We have 
combined these concepts to provide a broad pic- 
ture of retinal neovascularization. We also have 
reviewed briefly methods of treatment. Under- 
standing how intervention affects the angiogenic 
process allows us to make a rational plan for 
treatment. 
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B. Inflammatory diseases with possible ische- 
mia 

1. Sarcoidosis 
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C. Miscellaneous causes of peripheral neovas- 
cularization 
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