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Infl ammatory choroidal neovascular membrane in posterior 
uveitis—pathogenesis and treatment
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Choroidal neovascular membrane (CNVM) formation is a well-documented sight-threatening complication 
of posterior segment intraocular infl ammation (PSII). The aim of this article is to review the basic and 
clinical science literature on the pathogenesis of CNVM formation in PSII and to present results of a 
case series. We searched the literature using the mesh terms- infl ammation, CNVM, age-related macular 
degeneration, immunosuppression, photodynamic therapy, steroids, vascular endothelial growth factors 
and posterior uveitis. Additionally, we evaluated the visual outcome of and clinical response to our standard 
treatment protocol involving a combination treatment for young patients with infl ammatory CNVM. The 
development of CNVM in PSII is promulgated by infi ltrating myeloid cells as well as choroidal and retinal 
myeloid cell activation, subsequent vascular endothelial growth factors, cytokine and chemokine production 
and complement activation acting in consort to mediate angiogenic responses. No clear standard of care 
currently exists for the treatment of infl ammatory CNVM and various combinations have been tried. Using 
our combination treatment, visual acuity improved in four, stabilized in one and worsened in four patients. 
Though signifi cant advances have occurred in the understanding of the pathogenesis and management of this 
condition, optimizing therapeutic regimens will require further well-constructed prospective cohort series.
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Choroidal neovascular membrane (CNVM) formation is a 
well-documented sight-threatening complication of posterior 
segment intraocular infl ammation (PSII). The development of 
CNVM results either directly from an infl ammatory-mediated 
angiogenic drive and/or secondary to a degenerative disruption 
in the Bruch’s membrane-retinal pigment epithelium (RPE) 
complex. The development of CNVM in PSII is promulgated 
by infi ltrating myeloid cells as well as choroidal and retinal 
myeloid cell (microglial) activation, subsequent vascular 
endothelial growth factor (VEGF), cytokine and chemokine 
production and complement activation acting in consort to 
mediate angiogenic responses. 

Based on their histology, Gass classifi ed CNVMs into Type 
1 and Type 2.[1] In Type 1, the subepithelial CNVM grows 
between the basement membrane of the RPE and the inner 
collagenous zone of Bruch’s membrane. The CNVMs associated 
with punctate inner choroidopathy (PIC), presumed ocular 
histoplasmosis syndrome (POHS) and with other PSII are 
assumed to be Type 2 membranes; so called infl ammatory 
membranes. In Type 2, the CNVM grows beneath the sensory 
retina, lying anterior to the RPE. Although the etiology is 
undoubtedly disparate between age-related Type I membranes 

and Type II membranes there remains a commonality to the 
extent of involvement of infl ammation in their pathogenesis. 
The process of evolution and expression of CNVM could 
arguably be interpreted as representing a spectrum of 
inflammatory processes and thus, in this regard, we will 
review the impact of deregulated immunity and infl ammation 
in the genesis of age-related CNVM and how with respect to 
intraocular infl ammation, comparing and contrasting current 
evidence potentially highlights targets for improved treatment 
of infl ammatory-induced CNVM. 

Currently, traditional options available for managing 
inf lammatory  CNVM inc lude  observat ion ,  laser 
photocoagulation, local and systemic corticosteroids, and 
surgical removal; all with potential limitations.[2] To date, clinical 
trials on the treatment of infl ammatory CNVMs associated with 
uveitis have been limited and mostly non-comparative. The 
best evidence on treatment of CNVM in PSII comes from the 
POHS study.[3] Whilst corticosteroids and immunosuppressive 
agents have an established role in treating PSII, their role is 
less certain, with less evidence for treatment of infl ammatory 
CNVM. Nevertheless, some benefi t has been demonstrated 
with photodynamic therapy (PDT) for infl ammatory subfoveal 
CNVM. The short-term thrombogenic effects of PDT in 
combination with longer term anti-infl ammatory eff ects of local 
and systemic immunosuppression may be more successful in 
achieving closure of these membranes than either treatment 
alone. The aim of this article is to review the basic and clinical 
science literature on the pathogenesis of CNVM formation in 
PSII and to present results of a case series.
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Methods
Based on current evidence we designed a treatment algorithm 
for the management of infl ammatory CNVM [Fig. 1] using a 
combination of systemic steroids, immunosuppressives and 
PDT. In this review, we present  results of our  audit using this 
regimen and  review  the relevant basic and clinical science 
evidence on  management  of inflammatory CNVM. We 
searched the pubmed, medline, embase, Cochrane review using 
the mesh terms- infl ammation, CNVM, age-related macular 
degeneration (AMD), immunosuppression, PDT, steroids, 
VEGF and posterior uveitis.

Pathogenesis
Gass proposed the most widely accepted theory on formation 
of disciform lesions in ocular histoplasmosis. The process is 
believed to begin with focal infection of the choroid at the time 
of the initial benign infection. The focal infection resolves as an 
atrophic scar that disrupts the Bruch’s membrane. The resulting 
break in the Bruch’s membrane provides an opening in the 

barrier and subsequent tissue rearrangement through which 
the new vessels gain admitt ance into the subretinal space.[4] 

Why immunosuppress for the treatment of CNVM?

Role of Infl ammation in pathogenesis of infl ammatory CNVM
Recent studies provide mounting evidence that infl ammation 
is pivotal in the pathogenesis of AMD.[5] Drusen contains 
complement components and complement regulators, 
immunoglobulins, and cel ls which may represent antigen-
presenting cells (APC) and macrophages.[6] The possibility of 
systemic immune alongside local ocular (either structural or 
immunregulatory) dysregulation is compounded by studies 
where fi rstly signifi cant associations were noted between 
elevated serum C-reactive protein (CRP) levels and polypoidal 
choroidal vasculopathy and neovascular AMD.[7] 

Secondly, subjects with neovascular AMD had higher levels 
of serum elastin-derived peptides (S-EDPs) suggesting that 
higher levels of S-EDPs may increase the risk of conversion 
from early AMD to neovascular AMD.[8]

  Dysregulation of 
the extracellular matrix (ECM) plays an important role in the 
pathogenesis of AMD, whether mediated via infl ammation 
or injury. Elastin is a fi brous protein constituent of the ECM, 
degradation of which may be detected by the presence of 
S-EDPs in the circulation. Chronic infl ammatory infi ltrates 
are observed in the inner choroid of donor eyes with AMD. 
Proteins associated with immune-mediated disease appear to 
accumulate in large quantities, and transcripts that encode a 
number of these molecules have been detected in retinal, RPE, 
and choroidal cells (large, veiled, MHC Class IImid  and small, 
MHC Class IIhi cells).[9] Dendritic cells, potent APC, have been 
reported to be intimately associated with drusen development. 
To this end, changes and turnover of the extracellular matrix 
and of Bruch’s membrane have been likened to atherosclerosis, 
in which infl ammatory phenomena occur and are also observed 
within Sorsby’s dystrophy which shows changes in elastin of 
Bruch’s membrane associated with TIMP-3 mutation.[10] 

Interestingly, these fi ndings are very similar to histological 
features of CNVM in patients with chronic posterior uveitis, 
such as idiopathic CNVM, and ocular histoplasmosis. 
Such similarity leads to infer that leukocytes and chronic 
chorioretinal infl ammation are critical for the development of 
CNVM. Further good evidence supporting the role of innate 
infl ammation in the pathogenesis of CNVM is the deposition of 
complement and immunoglobulin G (IgG) in RPE and choroid 
in patients with AMD. In a mouse model of laser-induced 
CNVM, C3 and membrane att ack complex (MAC) are integral 
to the neovascular complex.[11]  Depletion of complement using 
cobra venom factor inhibited the up-regulation of angiogenic 
factors, such as VEGF, bFGF, and TGF-β, and subsequent 
CNVM formation.[12] In C3-defi cient mice, CNVM did not 
develop, further indicating the role of complement and 
infl ammation in the pathogenesis of CNVM.

Role of Complement
The complement system is continuously activated at low levels 
in the normal eye and intraocular complement regulatory 
proteins tightly regulate this spontaneous complement 
activation to maintain complement activity at a level that 
promotes elimination of potential pathogens without 
damaging healthy tissue. Complement dysregulation leading 
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Figure 1: Algorithm for treatment used in the study (choroidal 
neovascular membrane; photodynamic therapy; intravitreal 
triamcinolone 4 mg/0.1 ml; mycophenolate mofetil 1 g po BD; fundus 
fl uorescein angiography; subretinal fl uid; visual acuity; intravenous 
methylprednisolone)
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to overactive complement activity can therefore cause immune-
mediated ocular damage. Complement dysregulation has 
been well-characterized in experimental autoimmune anterior 
uveitis initiated with melanin-associated antigen, in which 
ocular specimens contain deposits of immune complexes such 
as IgG and complement component 3 (C3), as well as tumor 
necrosis factor (TNF)-α and interleukin (IL-1).[12] 

Complement factor H (CFH) is an important inhibitor of 
the complement pathway. Activation of this pathway initiates 
a proteolytic cascade that releases chemokines and causes 
formation of a MAC, ultimately leading to cell lysis. Three 
enzyme cascades exist: the classical complement pathway, 
initiated by antigen-antibody complexes and surface-bound 
CRP; the lectin, turned on by microbial carbohydrates; and 
the alternative complement pathway, activated by surface-
bound C3b. The pathways converge at the point in which C3 
is cleaved into C3a and C3b by C3 convertase, which initiates 
C5 convertase, resulting in the formation of the MAC with the 
terminal components (C5b-C9).[13,14] CFH specifi cally inhibits 
the alternative complement cascade but also regulates the 
common pathway. It binds C3b and acts as a cofactor in the 
proteolysis of C3b by factor I, resulting in an inactive C3b 
molecule. This prevents the production of C3 convertase in the 
alternative cascade as well as the production of C5 convertase 
in the common pathway [Fig. 2]. The association between 
CFH and AMD emphasizes a support for the infl ammatory 
pathogenesis of AMD and suggests that triggering the 
complement cascade in genetically predisposed individuals 
may promote development of AMD. 

Role of Macrophages
Although classical ocular inflammatory diseases such as 
uveitis are mediated largely by T cells, macrophages also play 
an important role. Macrophages are the main components in 
granulomatous uveitis such as that associated with sarcoidosis, 
sympathetic ophthalmia, and Vogt-Koyanagi-Harada 
disease.[15] Macrophages are also one of the predominant 
infl ammatory cells in anterior uveitis, experimental anterior 
uveitis and experimental autoimmune uveoretinitis 
(EAU).[15-17] Combating myeloid cell-mediated destruction 
of the retina during inflammation or neurodegeneration 
is dependent on the integrity of homeostatic mechanisms 
within the tissue that may suppress T cell activation and 
their subsequent cytokine responses. Success is dependent 
on the response of the resident myeloid-cell populations 
[microglia (MG)] to activation signals, commonly cytokines, 
and the control of infi ltrating macrophage activation during 
infl ammation, both of which appear highly programmed in 
normal and infl amed retina. The evidence that tissue CD200 
constitutively provides down-regulatory signals to myeloid-
derived cells via cognate CD200–CD200 receptor interaction 
supports inherent tissue control of myeloid cell activation. 
In the retina, there is extensive neuronal and endothelial 
expression of CD200. Retinal MG in CD200 knockout mice 
display normal morphology but unlike the wild-type mice, 
are present in increased numbers and express nitric oxide 
synthase 2, a macrophage activation marker, inferring that 
loss of CD200 or absent CD200R ligation results in “classical” 
activation of myeloid cells. Thus, when mice lack CD200, they 
show increased susceptibility to and accelerated onset of tissue-
specifi c autoimmunity.[18] 

Moreover, many proinfl ammatory cytokines (IL-1, IL-6, 
TNF-α) and chemokines that are produced by macrophages 
have been detected in various types of uveitic eyes.[19] 
Macrophages and the related multinucleate giant cells have 
similarly been demonstrated in histological specimens from 
patients with AMD, especially in regions of RPE atrophy, 
breakdown of Bruch’s membrane, and CNVM.[20]

Overall, though various studies have highlighted several 
plausible mechanisms by which macrophages may have a 
pathogenic role for CNVM in human AMD, it still remains 
unknown whether macrophages accumulate near the CNVM 
because they play a causative role in CNVM or because they 
serve as an adaptive response against CNVM-associated 
pathology. 

Role of Microglia (MG)
MG has been implicated in classical ocular infl ammatory 
diseases such as uveitis. In early EAU, microglial migration to 
and activation at the photoreceptor end leads to the generation 
of TNF-α prior to infi ltration of macrophages, suggesting that 
microglia might initiate EAU pathogenesis.[21] Whether MG  
initiate the recruitment of cells and cause amplifi cation of 
infl ammation is unclear. Another theory points to its migration 
to sites of injury as a regulator without evoking infl ammatory 
damage or acting to suppress excessive infl ammation and 
tissue damage.

Role of growth factors
The potential role of growth factors has been the subject 
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of many studies. Pigment epithelial-derived growth factor 
(PEDF) appears to suppress neovascularization, while other 
factors, notably VEGF, stimulate blood vessel growth. VEGF 
plays critical roles in the development and progression of 
the vascularization system both in normal physiological 
and pathological conditions. VEGF expression is increased 
in CNVM in human exudative AMD patients and in animal 
models induced by laser treatment. PEDF   i s an endogenous 
molecule of ocular tissue cells that has active effects in 
inhibiting blinding complications of neovascular diseases of 
the eye. Intrao cular delivery of PEDF in an adenoviral vector 
reduced angiogenesis beneath the retina in a laser model of 
CNVM.[22 ,23] PEDF  is defi cient in the vitreous of patients with 
CNVM due to AMD.[24] The declining vitreous and aqueous 
concentrations of PEDF with increasing age are more marked 
in AMD patients. PEDF a s a treatment for AMD is currently 
being tested in animal models. 

Suppo rting experimental evidence: Animal models
Progress in understanding the pathogenesis of AMD has been 
hampered by the lack of a suitable animal model. The laser-
induced model has been used widely in studies evaluating 
the role of complement and macrophages in inducing CNVM. 
Studies in animal models of laser-induced CNVM demonstrate 
that CNVM complexes accumulate C3 and the C5b–9 MAC 
and that these components are capable of up-regulating the 
proangiogenic cytokine VEGF.

 Mice defi cient in CCL2 or its receptor develop retinal 
degeneration with many pathological similarities to AMD. 
However, this animal model develops the AMD-like phenotype 
only in its senescent stage.[25] Age d mice knockouts for CX3CR1 
also sporadically develop drusen-like lesions, progressive 
accumulation of subretinal microglia, and photoreceptor 
degeneration.[26]

CCL2−/− /CX3CR1−/− mice consistently develop retinal 
degeneration with many morphological and histological 
similarities to human AMD at six weeks of age.[27] More 
recently it was shown that several infl ammatory proteins 
(F4/80, CD11b and C3d) which mediate or are involved in 
innate immune responses, are differentially expressed in 
the CCL2−/−/CX3CR1−/−relative to the Wild Type controls.[28] 
Anti-retinal auto antibodies were also detected in the CCL2−/−/
CX3CR1−/− serum. These results support an immunological 
role in the retinal degeneration of the CCL2−/−/CX3CR1−/−mice. 
The immune characteristics are similar to human AMD with 
complement deposition, MPC recruitment, and anti-retinal 
autoantibody detection. 

Clinical Review: Optimiz i ng Therapy 
Despite increasing our knowledge of immunopathogenesis 
from animal models and other experimental work; clinical 
translation has been less productive, relying on treatment 
paradigms extrapolated from therapies for age-related CNVM. 
Accordingly here we highlight seminal contributions, toward 
therapeutic interventions for infl ammatory CNVM. 

Natural history
Brown et al.[29] reported the development of CNVM in around 
30% of patients with multifocal choroiditis with panuveitis 
(MCP) and around 40% of patients with punctate inner 

choroidopathy (PIC) over three years. The fi nal visual acuity 
(VA) in all eyes was less than or equal to 20/200. At presentation 
CNVM is commoner in chronic low-grade disease (PIC) than 
in MCP (PIC, 76.9%; MCP, 22.7%).[30] A survey analysis of 77 
patients with PIC[31] reported CNVM (69%) and subretinal 
fi brosis (56%) in the majority of participants in at least one 
eye. In a study of presumed ocular histoplasmosis (POHS), 
Kleiner et al.[32] showed that three-fourths of eyes with CNVM 
lost vision to a level of 20/100. At 39 months follow-up Olk et 
al.[33] revealed that 69% of POHS patients with CNVM had a 
fi nal VA of ≤20/200. 

Role of Laser
Thermal laser photocoagulation is not utilized for subfoveal 
CNVM as it results in immediate central vision loss. The 
macular photocoagulation study (MPS)[34] showed a clear 
benefit in terms of VA at three and five years post laser 
treatment for juxtafoveal CNVM in POHS compared with the 
non-treatment group. Nearly one-third of untreated eyes versus 
8% of treated eyes lost greater than or equal to six lines of VA at 
fi ve years’ follow-up. However, this treatment is associated with 
persistent and recurrent CNVM in approximately one-third of 
cases. Additionally, enlargement of scars post treatment can 
result in vision loss and patients tend to be symptomatic with 
a paracentral scotoma.

Role of Surgery
Inflammatory CNVMs are classified by Gass as Type 2 
membranes and they grow beneath the sensory retina and 
lie anterior to the RPE. Hence surgical removal allows 
preservation of the underlying RPE and choriocapillaries. 
Although initially successful, submacular surgery with CNVM 
extraction is associated with a high recurrence of subfoveal 
CNVM postoperatively.[35] Essex et al.[36] supported considering 
surgery in patients with acuities of 20/120 or less. There is 
limited information on macular translocation in the treatment 
of infl ammatory CNVM. 

Role of Corticosteroids
The visual results from the use of corticosteroids in infl ammatory 
CNVM have been variable. Flaxel et al.[37] concluded from their 
series of 12 eyes with subfoveal CNVM due to MFC or PIC that 
systemic steroids resulted in stabilization of vision (83%).The 
course included 1 mg/kg/day of oral corticosteroid for three to 
fi ve days followed by a taper over six to eight weeks. A further 
study[38] compared high-dose oral steroids (prednisolone) with a 
single subtenon’s injection (triamcinolone) in 18 POHS patients. 
Stabilization of vision was reported in seven of the prednisolone 
group and fi ve of the triamcinolone group. However, despite 
treatment, 72% had a fi nal VA of less than 20/200.The fi nal VA 
was similar in the two groups. In a study of 10 POHS patients 
with CNVM treated with intravitreal triamcinolone alone, 
Rechtman et al.[39] reported stable/improved vision in 80% of 
eyes and loss of vision in 20% of the treated eyes.

Role of PDT
PDT for inflammatory CNVM is of uncertain value. The 
verteporfin in ocular histoplasmosis study[40] showed an 
improvement in median VA from baseline of six lett ers at 24 
months in 22 patients with subfoveal CNVM secondary to 
POHS. Forty-fi ve percent of patients gained seven or more 
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lett ers and 18% lost eight or more lett ers (mean number of 
treatments-3.9). Postelmans et al.[41] showed stable or improved 
vision in 81% of eyes with subfoveal CNVM secondary to PIC 
and POHS (mean number of treatments- 2.5). In another small 
case series[42] vision stabilized in all the eyes and the mean 
number of treatments was 2.8. Again, common to most studies, 
collateral damage to the surrounding tissue, hypoperfusion 
and RPE atrophy has all been recognized.

Combination therapy: PDT and corticosteroids
Combining PDT and corticosteroids has been shown to be 
more eff ective, with a lower re-treatment rate, as compared to 
PDT alone in infl ammatory CNVM. In a study by Chan et al.[43] 

on idiopathic subfoveal and PIC-induced CNVM, 92.9% had 
stable or improved vision. The mean improvement in VA was 
3.2 lines. The mean number of treatments during the one-year 
study period was 1.1. Fong et al.[44] reported 100% improvement 
in vision with PDT and systemic steroid for PIC CNVM with 
the average number of treatments being 2.0. Giovannini et al.[45] 

randomized 20 patients with idiopathic sub and juxtafoveal 
CNVM to either PDT alone or PDT and systemic steroid. 
The final VA at 20 months was significantly better in the 
combination group. In the PDT group the mean number of 
treatments was 2.3 compared to 1.2 in the combination group. 
The success of this combination treatment is att ributed to both 
occluding the infl ammatory CNVM and controlling intraocular 
infl ammation.

Role of Anti-VEGF agents
A potential paradigm is that preceding retinal and choroidal 
neovascularization, a pro-infl ammatory environment is created 
which activates both resident and tissue macrophages and 
infi ltrating macrophages generating VEGF-A release.[46] VEGF 
is a potent mediator of pathological angiogenesis. 

Adan et al.[47] demonstrated complete resolution of 
infl ammatory CNVM in 100% of eyes treated with intravitreal 
avastin. Of a total of nine eyes followed for seven months, visual 
improvement occurred in eight eyes and stabilized in one eye. 
No patient had visual deterioration and a mean 1.3 injections/
eye were needed. Chan et al.[48] reported visual and anatomic 
improvements in eyes with idiopathic CNVM and CNVM 
att ributable to PIC and central serous choroidopathy. All 15 eyes 
had improvement in VA with a mean improvement of 2.9 lines 
at six months, as well as a reduction in central foveal thickness 
on ocular coherence tomography (OCT). Further studies are 
warranted to defi ne its exact role as a monotherapy and the 
potential for combination treatment.

Role of immunosuppression
Immunosuppression has been used effectively to treat 
posterior uveitis and various white dot syndromes. Given 
that the  infl ammatory responses is central to the development 
of inflammatory CNVM, immunosuppressive agents are 
increasingly being used in its management.[49] Dees et al.[50] 
reported stabilization or improved vision in 53% and 
angiographic closure in 76% of infl ammatory CNVM patients 
treated with corticosteroids and /or cyclosporin. 

Successful management involves both control of intraocular 
infl ammation and occlusion of the infl ammatory neovascular 
membrane. No clear standard of care currently exists for the 

treatment of infl ammatory CNVM.

Combination therapy: PDT  and Immunosuppression

Bristol Audit
We evaluated the visual outcome and clinical response of 
our standard treatment protocol involving combination 
immunosuppression, intravitreal triamcinolone (IVT) and 
PDT for young patients with inflammatory CNVM. Data 
was obtained retrospectively as part of routine audit of a 
treatment algorithm in nine patients with active infl ammatory 
peripapillary, subfoveal and juxtafoveal CNVM. In all cases, 
active choroidal neovascularization was diagnosed clinically 
by the presence of subretinal fl uid and hemorrhage. This was 
confi rmed by optical coherence tomography (OCT, Stratus III, 
Zeiss, UK) and scanning laser ophthalmoscopy-based fundus 
fl uorescein angiography (FFA) within one week of presentation. 

As per the protocol [Fig. 1] patients were admitt ed and treated 
with three days of pulse intravenous methylprednisolone 
(IVMP, 1 g daily). Immunosuppression with mycophenolate 
mofetil (MMF 1 g BD) was commenced on the day of admission, 
if baseline bloods including full blood count, urea, electrolytes, 
creatinine and liver function tests (FBC, UEC and LFT) were 
within normal limits. Blood pressure, venous glucose levels and 
weight were also routinely monitored. Patients were discharged 
aft er three days of IVMP on a tapering dose of oral systemic 
steroid. The initial dose was 1 mg/kg/day for three to fi ve days 
and was reduced to 0 mg over a six-week period. 

The FFA was repeated at two weeks and a decision was 
made at this time as to whether the CNVM was still active or 
resolving. This decision was based on VA (stable/ improved), 
the amount of subretinal fl uid and the amount of fl uorescein 
leakage. Active CNVM was treated with PDT and resolving 
lesions were monitored. Routine blood monitoring (FBC, 
UEC, and LFT) was maintained for patients on MMF. FFA was 
repeated one month later and disease activity was reassessed as 
before. If the lesion remained active, IVT (4 mg in 0.1 ml), was 
administered. In cases where the lesion was resolving post PDT, 
no steroid was warranted. If the membrane was considered 
active and PDT had not been administered at two weeks, it was 
given at six weeks. For those lesions that continued to resolve, 
no additional treatment was given. The next scheduled FFA was 
at three months and persistent activity, despite prior PDT at two 
weeks and IVT at six weeks, was re-treated with PDT. Those 
lesions that were resolving post PDT and IVT were monitored. 

For the group who had only received PDT at two weeks and 
were active at three months, both IVT and PDT were given. 
This combination treatment was also administered to those 
lesions that were active at three months who had no previous 
treatment. IVT alone was injected if the CNVM was active at 
three months and PDT had been given at six weeks. Throughout 
this timeframe, MMF was continued at 1g PO BD. In all patients, 
PDT was performed according to the TAP guidelines.[51] IVT 
was injected in theatre under aseptic conditions.

Results
Of the nine patients (four males and fi ve females), four had 
CNVM secondary to PIC, four were idiopathic and one 
secondary to POHS. The median age at presentation was 32 
years (range 22 –62). The lesions were classifi ed as peripapillary 
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(two), juxtafoveal (four) and subfoveal (three) CNVM. The 
median lesion size was 2085 µm (range 800–3000 µm). The 
median follow-up was 13 months (range 2 –23). Improvement 
or stabilization was defi ned as the proportion of eyes with fewer 
than 15 lett ers (approximately three lines) of VA loss as devised 
in the TAP study. The study showed, albeit with variable follow-
up that VA improved in four out of nine patients, stabilized in 
one  and worsened in four  patients. Only one patient had severe 
vision loss due to choroidal hypoperfusion. The median VA at 
presentation was 70 ETDRS lett ers and at fi nal follow-up was 
75 ETDRS lett ers. CNVM activity reduced in 100% of patients 
by the second month [Table 1, Fig. 3].

No complications were recorded in relation to either PDT 
or the intravitreal injection. One patient had gastrointestinal 

upset on MMF. The hematological and biochemical parameters 
remained within normal limits in all the patients.

Discussion
Traditional options available for managing infl ammatory CNVM 
include observation, laser photocoagulation, local and systemic 
corticosteroids, and surgical removal; all with potential limitations.
[2] To date, clinical trials on the treatment of inflammatory 
CNVMs associated with uveitis have been limited and mostly 
non-comparative. While corticosteroids and immunosuppressive 
agents have an established role in treating PSII, their role is less 
certain for the treatment of infl ammatory CNVM. Nevertheless, 
some benefi t has been demonstrated with PDT for infl ammatory 
subfoveal CNVM. The short-term thrombogenic eff ects of PDT in 
combination with longer term anti-infl ammatory eff ects of local 
and systemic immunosuppression may be more successful in 
achieving closure of these membranes than either treatment alone.

Our treatment algorithm combines the use of all the available 
modalities including steroids (local and systemic), PDT and 
immunosuppression. Corticosteroids inhibit the proliferation 
of vascular endothelial cells by suppressing the actions of 
infl ammatory cells and their secretion of proangiogenic mediators. 
Corticosteroids decrease vascular permeability by stabilizing the 
basement membrane of the CNVM, and this may prevent vascular 
budding. Immunosuppression is required to dampen the chronic 
infl ammatory drive. 

In our series the CNVM activity reduced in all the patients 
and fi ve patients noted an improvement/stabilization of vision. 
The others experienced a reduction in VA by one line (three) and 
by eight lines (one). Our results are comparable to PDT alone 
and combination studies (PDT and corticosteroids) mentioned 
previously. Common to most studies and ours is the collateral 
damage to the surrounding tissue, hypoperfusion and RPE 
atrophy from PDT leading to reduction in fi nal VA. The caveats of 
this study include: retrospective audit, small numbers and variable 
follow-up. Whilst the rate of events such as resolution of CNVM 
and changes in VA can overcome the inherent misinterpretation of 
conclusions drawn from presenting data as for example fi nal VA 
when there is variable follow-up for larger retrospective series,[52] 
there remains litt le bias in this study as we present core data on 
small patient numbers, as shown in Table 1. What is evident 
is that VA improvement did not parallel the success in CNVM 

Figure 3: Patient with idiopathic panuveitis with peripapillary choroidal 
neovascular membrane [initial fundus photograph showing swollen optic 
nerve head with inferior subretinal hemorrhage (a), fundus fl uorescein 
angiography two weeks after intravenous methylprednisolone and 
commencement of mycophenolate mofetil (b), fundus fl uorescein 
angiography on the day of photodynamic therapy shows only a small 
area of active choroidal neovascular membrane temporal to the optic 
disc, fundus photograph at 13 months shows peripapillary atrophy 
and fi brosis (b)]

Table 1: Results using the algorithm (intravenous methylprednisolone; photodynamic therapy; intravitreal triamcinolone 4 
mg/0.1 ml; visual acuity; choroidal neovascular membrane; juxtafoveal, subfoveal, peripapillary; punctate inner choroidopathy; 
presumed ocular histoplasmosis syndrome)

Age  Sex Diagnosis Type/size CNV (µ) IVMP (n) PDT (n) IVT Baseline VA Final VA   Follow-up
       (ETDRS)  (months)

29 F PIC JF/1200  1 1 0 60 85 11

32 F PIC SF/ 2100  1 1 1 35 35 12

34 F PIC JF/860 1 0 0 85 80 02

27 F PIC JF/2788 3 3 0 70 60 23

27 M Idiopathic SF/1500 1 2 0 55 75 07

42 M Idiopathic JF/1200 1 3 0 75 30 20

62 F Idiopathic PP/3000 3 3 0 85 75 16

22 M Idiopathic PP/3000 2 0 0 70 75 13

50 M POHS SF/800 1 3 1 70 75 14
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resolution and activity. 

Although there have been some promising early results with 
anti-VEGF agents in treating infl ammatory CNVM, the data is 
limited and it remains to be elucidated whether a combination of 
anti-VEGF agents with other treatments will result in bett er visual 
outcomes. From our small series we would not like to draw any 
fi rm conclusions with regards to best treatment for infl ammatory 
CNVM and the decision is left  to the treating ophthalmologists, 
and may be made clearer in the future with studies of anti-VEGF 
therapy for such conditions. 

To summarize, signifi cant advances have recently occurred in 
the understanding of the pathogenesis and management of this 
condition. Optimizing therapeutic regimes will require further 
well-constructed prospective cohort series. Adequately powered 
randomized clinical trial data will be diffi  cult to obtain given the 
rarity of the condition.

References
1. Gass JD. Biomicroscopic and histopathologic considerations 

regarding the feasibility of surgical excision of subfoveal neovascular 
membranes. Am J Ophthalmol 1994;118:285-98.

2. O'Toole L, Tufail A, Pavesio C. Management of choroidal 
neovascularization in uveitis. Int Ophthalmol Clin 2005;45:157-77.

3. Breger AS, Conway M, del Priore LV, Walker RS, Pollack JS, Kaplan HJ. 
Submacular surgery for subfoveal choroidal neovascular membranes 
in patients with presumed ocular histoplasmosis. Arch Ophthalmol 
1997;115:991-6. 

4. Gass JD. Stereoscopic atlas of macular diseases; Diagnosis and 
treatment. Vol. 1. St Louis (MO): Mosby Publishers; 1987.

5. Patel M, Chan CC. Immunopathological aspects of age-related 
macular degeneration. Semin Immunopathol 2008;30:97-110. 

6. Hageman GS, Luthert PJ, Chong VNH, Johnson LV, Anderson 
DH, Mullins RF. An integrated hypothesis that considers drusen 
as biomarkers of immune-mediated processes at the RPE-Bruch's 
membrane interface in aging and age-related macular degeneration. 
Prog Retin Eye Res 2001;20:705-32. 

7. Kikuchi M, Nakamura M, Ishikawa K, Suzuki T, Nishihara H, 
Yamakoshi T, et al. Elevated C-reactive protein levels in patients with 
polypoidal choroidal vasculopathy and patients with neovascular 
age-related macular degeneration. Ophthalmology 2007;114:1722-7.

8. Sivaprasad S, Chong NV, Bailey TA. Serum elastin-derived peptides 
in age-related macular degeneration. Invest Ophthalmol Vis Sci 
2005;46:3046-51.

9. Forrester JV, Lumsden L, Duncan L, Dick AD. Choroidal dendritic 
cells require activation to present antigen and resident choroidal 
macrophages potentiate this response. Br J Ophthalmol 2005;89:369-77.

10. Majid MA, Smith VA, Matt hews FJ, Newby AC, Dick AD. Tissue 
inhibitor of metalloproteinase-3 diff erentially binds to components 
of Bruch's membrane. Br J Ophthalmol 2006;90:1310-5.

11. Bora, PS, Sohn, JH, Cruz JM, Jha P, Nishihori H, Wang Y, et al. Role 
of complement and complement membrane att ack complex in laser-
induced choroidal neovascularization. J Immunol 2005;174:491-7.

12. Brito BE, O’Rourke LM, Pan Y, Anglin J, Planck SR, Rosenbaum JT. 
IL-1 and TNF receptor-defi cient mice show decreased infl ammation 
in an immune complex model of uveitis. Invest Ophthalmol Vis Sci 
1999;40:2583-9.

13. Walport MJ. Complement. First of two parts. N Engl J Med 
2001;344:1058-66.

14. Walport MJ Complement. Second of two parts. N Engl J Med 
2001;344:1140-4.

15. Chan CC, Li Q. Immunopathology of uveitis. Br J Ophthalmol 

1998;82:91–6.
16. Smith JR, Hart PH, Williams KA. Basic pathogenic mechanisms 

operating in experimental models of acute anterior uveitis. Immunol 
Cell Biol 1998;76:497–512.

17. Adamus G, Chan CC. Experimental autoimmune uveitides: 
multiple antigens, diverse diseases. Int Rev Immunol 2002;21:
209-29.

18. Dick AD, Carter D, Robertson M, Broderick C, Hughes E, Forrester 
JV, et al. Control of myeloid activity during retinal infl ammation. J 
Leukoc Biol 2003;74:161-6.

19. Smith JR, Hart PH, Williams KA. Basic pathogenic mechanisms 
operating in experimental models of acute anterior uveitis. Immunol 
Cell Bio 1998;76:497-512.

20. Ooi KG, Galatowicz G, Calder VL, Lightman SL. Cytokines and 
chemokines in uveitis: is there a correlation with clinical phenotype? 
Clin Med Res 2006;4:294-309.

21. Dick AD, Forrester JV, Liversidge J, Cope AP. The role of tumour 
necrosis factor (TNF-alpha) in experimental autoimmune uveoretinitis 
(EAU). Prog Retin Eye Res 2004;23:617-37.

22. Mori K, Gehlbach P, Yamamoto S, Duh E, Zack DJ, Li Q, et al. 
AAV-mediated gene transfer of pigment epithelium-derived factor 
inhibits choroidal neovascularization. Invest Ophthalmol Visual Sci 
2002;43:1994-2000.

23. Mori K, Gehlbach P, Ando A, McVey D, Wei L, Campochiaro PA. 
Regression of ocular neovascularization in response to increased 
expression of pigment epithelium-derived factor. Invest Ophthalmol 
Visual Sci 2002;43:2428–34.

24. Holekamp NM, Bouck N, Volpert O. Pigment epithelium-derived 
factor is deficient in the vitreous of patients with choroidal 
neovascularisation due to age-related macular degeneration. Am J 
Ophthalmol 2002;134:220-7.

25. Ambati J, Anand A, Fernandez S, Sakurai E, Lynn BC, Kuziel WA, et 
al. An animal model of age-related macular degeneration in senescent 
Ccl-2- or Ccr-2-defi cient mice. Nat Med 2003;9:1390-7.

26. Combadiere C, Feumi C, Raoul W, Keller N, Rodéro M, Pézard A, 
et al. CX3CR1- dependent subretinal microglia cell accumulation is 
associated with cardinal features of age-related macular degeneration. 
J Clin Invest 2007;117:2920-8.

27. Tuo J, Bojanowski CM, Zhou M, Shen D, Ross RJ, Rosenberg KI, et 
al. Murine ccl2/cx3cr1 defi ciency results in retinal lesions mimicking 
human age-related macular degeneration. Invest Ophthalmol Vis Sci 
2007;48:3827-36.

28. Ross RJ, Zhou M, Shen D, Fariss RN, Ding X, Bojanowski CM, et al. 
Immunological protein expression profi le in Ccl2/Cx3cr1 defi cient 
mice with lesions similar to age-related macular degeneration. Exp 
Eye Res 2008;86:675-83. 

29. Brown J Jr, Folk JC, Reddy CV, Dunn JP, Jabs DA. Visual prognosis of 
multifocal choroiditis, punctate inner choroidopathy and the diff use 
retinal fi brosis syndrome. Ophthalmology 1996;103:1100-5.

30. Kedhar SR, Thorne JE, Witt enberg S, Dunn JP, Jabs DA. Multifocal 
choroiditis with panuveitis and puntate inner choroidopathy: 
comparison of clinical characteristics at presentation. Retina 
2007;27:1174–9.

31. Gerstenblith AT, Thorne JE, Sobrin L, Do DV, Shah SM, Foster CS. 
Punctate inner choroidopathy: a survey analysis of 77 persons. 
Ophthalmology 2007;114:1201-4.

32. Kleiner RC, Ratner CM, Enger MS, Fine SL. Subfoveal 
neovascularisation in the ocular histoplasmosis syndrome: a natural 
history study. Retina 1988;8:225-9.

33. Olk JR, Burgess DB, Mc Cormick PA. Subfoveal and juxtafoveal 
subretinal neovascularisation in the presumed ocular histoplasmosis 
syndrome: visual prognosis. Ophthalmology 1984;91:1592-602.

34. Macular Photocoagulation Study Group. Laser photocoagulation 
for juxtafoveal choroidal neovascularisation. Five year results from 

Dhingra, et al.: CNVM in posterior uveitis



10 Indian Journal of Ophthalmology Vol. 58 No. 1

randomized trials. Arch Ophthalmol 1994;112:500-9.
35. Olsen TW, Capone A Jr, Sternberg P Jr, Grossniklaus HE, Martin DF, 

Aaberg TM Sr. Subfoveal choroidal neovascularisation in punctuate 
inner choroidopathy. Surgical management and pathologic fi ndings. 
Ophthalmology 1996;103:2061-9. 

36. Essex RW, Tufail A, Bunce C, Aylward GW. Two year results of surgical 
removal of choroidal neovascular membranes related to non-age 
related macular degeneration. Br J Ophthalmol 2007;91:649-54.

37. Flaxel CJ, Owens SL, Mulholland B, Schwartz SD, Gregor ZJ. The use 
of corticosteroids for choroidal neovascularisation in young patients. 
Eye 1998;12:266-72.

38. Martidis A, Miller DG, Ciulla TA, Danis RP, Moorthy RS. 
Corticosteroids as an antiangiogenic agent for histoplasmosis – related 
subfoveal choroidal neovascularisation. J Ocul Pharmacol Ther 
1999;15:425-8.

39. Rechtman E, Allen VD, Danis RP, Pratt  LM, Harris A, Speicher MA. 
Intravitreal triamcinolone for choroidal neovascularisation in ocular 
histoplasmosis syndrome. Am J Ophthalmol 2003;136:739-41.

40. Rosenfeld PJ, Saperstein DA, Bressler NM, Reaves TA, Sickenberg M, 
Rosa RH Jr, et al. Verteporfi n in Ocular Histoplasmosis Study Group. 
Photodynamic therapy with verteporfi n in ocular histoplasmosis: 
uncontrolled, open-label -2- year study. Ophthalmology 2004;111:1725-
33.

41. Postelmans L , Pasteels B , Coquelet P, Casper L, Verougstraete C, 
Leys A, et al. Photodynamic therapy for subfoveal classic choroidal 
neovascularisation related to punctuate inner choroidopathy (PIC) or 
presumed ocular histoplasmosis like syndrome (POHS- like). Ocul 
Immunol Infl amm 2005;13:361-6. 

42. Leslie T, Lois N, Christopoulou D, Olson JA, Forrester J. Photodynamic 
therapy for infl ammatory choroidal neovascularisation unresponsive 
to immunosuppression. Br J Ophthalmol 2005;89:147-50.

43. Chan WM, Lai T, Lau T, Lee VY, Liu DT, Lam DS. Combined 
photodynamic therapy and intravitreal triamcinolone for choroidal 
neovascularisation secondary to punctuate inner choroidopathy or 
of idiopathic origin. Retina 2008;28:71-80. 

44. Fong KC, Thomas D, Amin K, Inzerillo D, Horgan SE. Photodynamic 

therapy combined with systemic corticosteroids for choroidal 
neovascularisation secondary to punctuate inner choroidopathy. Eye 
2008;22:528-33. 

45. Giovannini A, Neri P, Mercanti L, Brue C. Photodynamic treatment 
versus photodynamic treatment associated with systemic steroids for 
idiopathic choroidal neovascularisation. Br J Ophthalmol 2007;91:620-
3.

46. Xiong M, Elson G, Legarda D, Leibovich SJ. Production of vascular 
endothelial growth factor by murine macrophages: regulation by 
hypoxia, lactate, and the inducible nitric oxide synthase pathway. 
Am J Pathol 1999;153:587-98.

47. Adan A, Mateo C, Navarro R, Bitrian E, Casaroli-Marano RP. 
Intravitreal bevacizumab (Avastin) injection as primary treatment 
of inflammatory choroidal neovascularisation. Retina 2007;27:
1180-6.

48. Chan WM, Lai TM, Liu DT, Lam DS. Intravitreal bevacizumab 
(Avastin) for choroidal neovascularisation secondary to central serous 
retinopathy, secondary to punctuate inner choroidopathy, or of 
idiopathic origin. Am J Ophthalmol 2007;143:977-83.

49. Hogan A, Behan U, Kilmartin DJ. Outcomes after combined 
photodynamic therapy and immunosuppression for infl ammatory 
subfoveal choroidal neovascularization, Br J Ophthalmol 2005;89:1109-
11.

50. Dees C, Arnold JJ, Forrester JV, Dick AD. Immunosuppressive 
treatment of choroidal neovascularisation associated with endogenous 
posterior uveitis. Arch Ophthalmol 1998;116:1456-61.

51. Photodynamic therapy of subfoveal choroidal neovascularization in 
age-related macular degeneration with verteporfi n: one-year results 
of 2 randomized clinical trials--TAP report. Treatment of age-related 
macular degeneration with photodynamic therapy (TAP) Study 
Group. Arch Ophthalmol 1999;117:1329-45.

52. Jabs DA. Improving the reporting of clinical case series. Am J 
Ophthalmol 2005;139:900-5.

Source of Support: Nil, Confl ict of Interest: None declared.

Advertisement

Virendra
Rectangle


