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Abstract

Nonresponse of neovascular age-related macular degeneration (hAMD) to anti-vascular endo-
thelial growth factor (anti-VEGF) therapy can often be attributed to misdiagnosis, and patholo-
gies mimicking AMD might require different therapeutic concepts. In the following, we want to
outline a case of presumed nAMD which revealed to be pachychoroid neovasculopathy (PNV)
and was successfully treated by the addition of spironolactone. A 67-year-old female patient
was referred for nonresponse of NAMD on her left eye after 29 intravitreal injections of afliber-
cept with no complete resolution of subretinal fluid. On fundoscopy, both maculae presented
with pigment epithelium alterations, while the left eye showed subretinal fluid on optical co-
herence tomography (OCT) with an associated pigment epithelium detachment, which re-
vealed to contain a neovascular network on OCT angiography. There was faint leakage on
fluorescence (FAG) and indocyanine green angiography (ICGA) and some focal vascular dilation
of the neovascular network on ICGA. Due to the absence of Drusen on any eye, a thick choroid,
and the presence of a gravitational tract on blue autofluorescence (BAF), chronic central serous
chorioretinopathy with a choroidal neovascularization, defined as PNV in the pachychoroid
disease was diagnosed. Upon the addition of spironolactone to anti-VEGF treatment, choroidal
thickness significantly decreased, and subretinal fluid resolution was observed and maintained
for the first time. In conclusion, PNV should be ruled out in cases of presumed nAMD nonre-
sponding to anti-VEGF. In these cases, a combination therapy of anti-VEGF and mineralocorti-
coid antagonists can facilitate fluid resorption.
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Introduction

Nonresponse of neovascular age-related macular degeneration (nAMD) to intravitreal
vascular endothelial growth factor (VEGF) inhibition affects approximately 5-10% of eyes
and is attributable to misdiagnosis in almost 50% of cases [1]. Therefore, cases of primarily
supposed neovascular AMD should be reevaluated for correct diagnosis, if anti-VEGF therapy
proves to be nonefficient [1, 2].

The recently established pachychoroid spectrum of macular disorders has been shown
to represent an important differential diagnosis to nAMD [3]. Pachychoroid is defined as
subfoveal diffuse or focal increase in choroidal thickness (>300 um) on optical coherence
tomography (OCT), which is typically associated with abnormally dilated Haller layer vessels
(pachyvessels) and an attenuation of the inner choroid (Sattler’s layer and choriocapillaris)
[3]. Long-term anti-VEGF treatment may induce choroidal thinning of the former above norm
thickened choroid [4]. Symptomatic pachychoroid means the presence of either pachycho-
roidal pigment epitheliopathies, central serous chorioretinopathy (CSC), pachychoroid
neovasculopathy (PNV) or pachychoroid aneurysmal type 1 choroidal neovascularization
(CNV) (formerly polypoidal choroidal vasculopathy) (PAT1). CSC is present, when a serous
retinal detachment with or without serous pigment epithelial detachment (PED), could
be visualized. Typical changes like an RPE leakage and delayed choroidal filling in fluo-
rescein and indocyanine green angiography (ICGA) must have been detectable. In 25% of
eyes with CSC a PNV, a CNV formation, atop of a thickened choroid develops. It can be
visualized on OCT and confirmed by fluorescein and ICGA with evidence of RPE atrophy,
diffuse late leakage, and a late staining plaque on ICGA. Changes are considered a PAT1
when RPE detachments associated with choroidal polypoidals were present on OCT and
ICGA showed the typical branching vascular network appearance with terminal aneu-
rysmal dilatations.

Although nAMD and the pachychoroid disease spectrum feature completely contrary
etiopathologies - a pachychoroid due to faulty choroidal autoregulation versus degenerative
retinal pigment epithelium and choroidal atrophy in AMD, the distinction between both
entities can sometimes be difficult [3]. This is especially true in older patients showing chronic
courses of pachychoroid disease and in cases complicated by CNV and PAT1 [5, 6].

In the following, we would like to outline a case of presumed neovascular AMD with
nonresolving subretinal fluid refractory to anti-VEGF, which revealed to be a pachychoroid
spectrum disorder complicated by CNV on multimodal imaging. In addition to continued anti-
VEGF therapy, we report on the therapeutic addition of the mineralocorticoid antagonist
spironolactone, which was used to reduce choroidal thickness and successfully eliminate
subretinal fluid previously unresponsive to anti-VEGF.

Case Report

A 67-year-old patient with a history of chronic foveal PED and subretinal fluid on the left
eye interpreted as neovascular AMD ex domo was referred to our clinic due to nonresponse
to anti-VEGF therapy.On herleft eye, 29 monthly aflibercept (Bayer AG, Leverkusen, Germany)
injections had been performed for 29 months prior to presentation without achieving
complete resolution of subretinal fluid. During the course of the illness, there had never been
any signs of intraretinal fluid on OCT. She stated that the onset of first visual symptoms had
been at the age of 40 without any medical treatment until commencement of anti-VEGF. Her
right eye had a history of foveal pigment alteration, which over the course of the past years
had developed a shallow PED and transient subretinal fluid, which showed complete reso-
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lution of subretinal fluid after 1 intravitreal injection of ranibizumab (Lucentis, Novartis
Pharma, Basel, Switzerland) 22 months before presentation.

Her best-corrected visual acuity was 20/80 on the left eye and 20/32 on the right eye,
respectively. Except from a beginning corticonuclear cataract, there were no pathological
findings on anterior segment examination on both eyes. Intraocular pressure was normal.
There was no family history of any kind of retinal pathology. Medical history included arterial
hypertension, hypothyroidism, arthritis, and psoriasis. Medication consisted of ramipril 2.5
mg, bisoprolol 2.5 mg, torasemide 10 mg, and L-Thyroxine 0.1 mg.

On fundoscopy, both maculae presented with pigment epithelium alterations, while the
left macula was slightly prominent. In the following, multimodal imaging including (enhanced
depth, EDI) spectral-domain OCT (SD-OCT), near-infrared (NIR) imaging, blue autofluores-
cence (BAF) confocal laser scanning ophthalmology, fluorescein (FAG), and indocyanine
green angiography (ICGA) were performed, all using Spectralis HRA + OCT (Heidelberg Engi-
neering, Heidelberg, Germany). Additionally, OCT angiography (OCT-A) was performed using
Angioplex on the Cirrus 5000 OCT (Carl Zeiss Meditec AG, Jena, Germany).

On NIR and SD-OCT, the right eye presented with pigment epithelium mottling and a
shallow PED, which showed a type 1 CNV on OCT-A without leakage on FAG/ICGA and OCT-A.
Multifocal choroidal hyperpermeability was seen on ICGA. On EDISD-OCT, choroidal thickness
was 371 pm subfoveally.

On NIR and SD-OCT, the left eye presented with a serous neurosensory detachment of the
fovea with elongated photoreceptors and an underlying shallow, irregular, vascularized PED
(shown in Fig. 1a). Mean subfoveal choroidal thickness was 266 pm (shown in Fig. 1a). An ill-
defined gravitational tract of 4,322 pm diameter horizontally and 4,844 pm vertically was
seen on BAF (shown in Fig. 1b). The presence of a CNV type 1 was confirmed on FAG/ICGA
and OCT-A (shown in Fig. 2). Only faint leakage was observed from the CNV.

Due to the absence of Drusen on any eye, the findings of multimodal imaging and the
nonresponse to anti-VEGF, chronic CSC complicated by a secondary CNV - or, as suggested by
the new pachychoroid terminology, PNV - was suspected. As some focal vascular dilations of
the neovascular network were visible on ICGA of the left eye, inactive polyps after long-term
anti-VEGF therapy as part ofa PAT1 cannot be excluded. We did not see nodular flow in either
en face or cross-sectional OCT-A scans to confirm active PAT1 [7].

All possible further options, including photodynamic therapy, were discussed with the
patient, who preferred a temporary cessation of anti-VEGF therapy and the start of off-label

Fig. 1. Multimodal imaging specifically for diseases of the pachychoroid disease spectrum. On EDI-OCT (a)
thinning in sattler’s and choriocapillaris layer, pathologically dilated veins in the Haller’s layer and increased
choroidal thickening can be visualized. b BAF reveals a shallow hyper-reflectivity inferior to the fovea, indi-
cating the presence of former subretinal fluid accumulation forming a gravitational tract (arrowhead A). OCT,
optical coherence tomography; BAF, blue autofluorescence.
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OCT-A

Fig. 2. Vessel imaging. On fluorescein angiography (a—c), only faint late leakage and mostly staining can be
visualized. On ICG (d—f) and even better on OCT-A (g), the borders of the type 1 CNV can be visualized. OCT,
optical coherence tomography; OCT-A, OCT angiography; ICG, indocyanine green angiography.

spironolactone 25 mg BID. Within 6 weeks, subfoveal fluid significantly diminished by 51%
from 108 to 55 pm (shown in Fig. 3b) and by 90% to 12 pm after 12 weeks (shown in Fig. 3c).
The same applied for choroidal thickness, which decreased from 366 um by 19% to 295 um
at 6 weeks and by 27% to 267 pm at 12 weeks. Simultaneously to the reduction in subretinal
fluid and choroidal thickness, at week 6 the PED was noted to grow on the nasal and temporal
CNV borders in the parafoveal region, partially penetrating the retinal pigment epithelium,
defining conversion into a type 2 CNV (shown in Fig. 3b). Until the next follow-up after 12
weeks (shown in Fig. 3c), CNV growth and RPE penetration continued, along with newly diag-
nosed subretinal hyper-reflective material atop the type II CNV borders (shown in Fig. 3c).
FAG and OCT-A confirmed the diagnosis of a type II CNV.

Twelve weeks after stopping anti-VEGF and commencing spironolactone, spironolactone
was stopped and aflibercept administered again. As a consequence, the type 2 segments of
the CNVregressed below the RPE, the PED returned toits original configuration, and subretinal
fluid disappeared (shown in Fig. 3d). After 3 further injections, subfoveal choroidal thickness
had additionally decreased by 20% to 214 um, resulting in a total reduction by 42% from 366
um at baseline. Due to long-standing disease, the inner foveal thickness remained thinned at
75 pm. Final visual acuity was 20/50.
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Fig. 3. Time course of central retinal thickness, subretinal fluid accumulation, and structural PED changes on
OCT. a OCT on the day of presentation (after 29 aflibercept injections) shows a serous detachment of the fo-
vea with elongated photoreceptors and an underlying shallow PED. b OCT 6 weeks after spironolactone ad-
ministration shows a decrease in subfoveal fluid by 51%. PED growth was noted on the nasal and temporal
CNV borders in the parafoveal region. ¢ OCT 12 weeks after spironolactone administration shows a further
decrease in subfoveal fluid by 90%, while further CNV growth at the PED borders can be noted, partially pen-
etrating the retinal pigment epithelium with deposition of SHRM (*) atop the now type Il CNV borders.d OCT
17 weeks after spironolactone administration and 5 weeks after a further anti-VEGF (aflibercept) injection, a
complete resolution of subretinal fluid is achieved. anti-VEGF, anti-vascular endothelial growth factor; PED, pig-
ment epithelium detachment; OCT, optical coherence tomography; SHRM, subretinal hyper-reflective material.

Discussion

Since the introduction of OCT, the diagnosis of CSC has been mainly based on the presence
of foveal subretinal fluid causing neurosensory detachment [3]. Nowadays, enhanced depth
OCT imaging, however, allows for additional visualization of the choroid, and a multitude of
diseases, including CSC, have been shown to feature overlapping, characteristic alterations of
the choroidal vascular architecture [3]. As introduced by Warrow and colleagues [8], the term
pachychoroid is increasingly being used to summarize this set of newly characterized macular
disorders, which all feature choroidal thickening and hyperperfusion, but can be defined as
single entities - or 1 disease in different stages - by the type and amount of other macular
tissues affected by the choroidal malfunction (e.g., retinal pigment epithelium, outer retina,
and CNV).

The pachychoroid spectrum is increasingly recognized as a frequent cause of misdiag-
nosis in AMD. Theoretically, the presence of Drusen is a certain pathognomonic finding of
AMD, which in return should exclude the diagnosis of AMD in their absence. However, Drusen
can regress upon the formation of CNV or macular atrophy caused by either disorder; type 2
CNV can lead to such severe fibrovascular disruption of the retina that Drusen as underlying
cause of the CNV can be obscured; and type 1 CNV caused by pachychoroid diseases can mimic
Drusen [9]. In 2012, Fung and colleagues [2] already reported about the phenotypical simi-
larity of type 1 CNV in chronic CSC and neovascular AMD. In more recent reports on macular
morphology in the CATT trials, Jaffe and colleagues [8] noted that the presence of subfoveal
fluid was a consistent biomarker of good visual acuity in neovascular AMD throughout years
1-5 under anti-VEGF therapy, and recently hypothesized that this might be partly caused by
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associated pachychoroid disease providing better long-term prognosis than classic neovas-
cular AMD. In contrast to nAMD, in the pachychoroid disease spectrum, CNV is thought to be
caused by an increased choroidal perfusion leading to stress in the endothelial cells of the
choriocapillaris and resulting in extracellular remodeling (arteriogenesis). As a next step,
arteriogenesis-derived vessels may evolve above the destructed RPE cells and form a type [
CNV. As recently suggested by Lupidi etal. [10] the loss of the adaptation of choroidal vascular
resistance to hemodynamic stress may lead to an increased choroidal blood flow and stress
to the RPE cells in patients with hyperactivity of the sympathetic system. The patient’s
elevated blood pressure may, therefore, contribute to the development of PNV in this case
[10]. Thus, the pathogenetic process leading to and maintaining the CNV is dependent on
VEGF and might as well be affected by a dysregulation of choroidal vessels [11].

In the present case, we report on the first successful combination therapy of intravitreal
anti-VEGF and oral off-label spironolactone for pachychoroid-associated CNV mimicking
neovascular AMD. In spite of the marked disease chronicity and a long previous therapy of 29
intravitreal anti-VEGF injections, the addition of spironolactone for the first time allowed for
a complete resolution of the previously recalcitrant subretinal fluid.

Spironolactone and eplerenone, both glucocorticoid-mineralocorticoid inhibitors, have
been recently established as efficient off-label therapies for CSC [12]. Both facilitate subretinal
fluid resolution and induce choroidal thinning by competitive inhibition of glucocorticoid
signaling which is pathologically increased in CSC due to high endogenous (“stress-related”)
or exogenous glucocorticoid levels, which, due to the biochemical similarity of glucocorticoid
and mineralocorticoid receptors, can activate mineralocorticoid signaling [12]. In turn, an
overactivation of mineralocorticoid signaling has been shown to induce angiogenesis and
choroidal thickening, while the mineralocorticoid aldosterone has been shown to induce
choroidal thickening secondary to an upregulation of a vasodilatory potassium channel only
present in the choroid [4].

Both in pachychoroid disorders and AMD, the role of subretinal fluid, especially when
subfoveal, is complex and not fully elucidated. Commonly, disease activity of uncomplicated
CSC is defined by subretinal fluid presence, and patients with nonresolving fluid are at high
risk of vision-threatening retinal atrophy in the long-term [5]. In neovascular AMD, however,
eyes with subretinal fluid have been shown to present better visual acuity than eyes with
completely dry maculae, and subretinal fluid is being discussed as a biomarker protective of
geographicatrophy [13].Inthe case of CNV complicating pachychoroid disorders, for example,
CSC or PNV, the case is even more complex, as subretinal fluid can both derive from CNV
leakage (due to less aggressive CNV activity often faint to hardly discernible) or pachychoroid
activity. For these reasons, at the moment no clear recommendations as to whether or not to
completely dry maculae affected by pachychoroid maculopathies or neovascular AMD can be
given from a long-term perspective.

Interestingly, the commencement of spironolactone and the withdrawal of anti-VEGF
treatment showed a marked change in CNV morphology. CNV in pachychoroid disorders,
namely CSC and PNV, is almost exclusively type 1 lesions [3]. In our case, the appearance of
subretinal hyper-reflective material above the RPE was noted 6 weeks after the therapeutic
intervention, not proving, but indicative of a type 2 CNV conversion. It is unclear whether this
is due to the withdrawal of anti-VEGF, leading to CNV regrowth, or the influence of spirono-
lactone on the vasculature. Theoretically, thinning of the Haller layer induced by mineralo-
corticoid inhibition should improve choriocapillaris perfusion and thus reduce choroidal
ischemia which is hypothesized to be a driving factor in pachychoroid disease. As recently
reported by Jungetal.[14],long anti-VEGF treatment, however, causes a cumulative reduction
of subfoveal choroidal thickness that is greater in Aflibercept than in ranibizumab treated
eyes. For this reason, the influence of spironolactone on choroidal thickness in our pre-treated
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case should be expected to be lower than in a treatment-naive eye. Mechanistically, the
vascular stimulus of the mineralocorticoid antagonist might have caused an inhibition of the
type 1 CNV component below the RPE, while residual VEGF-levels in the vitreous body might
have led to supra-RPE growth. A limitation regarding multimodal imaging was the fact, that
at the time of CNV conversion into a type I CNV, only OCT-B scans were performed. An angi-
ography to fully confirm type Il CNV will be performed during the follow-up.

Conclusion

Pachychoroid disease should be considered in eyes with presumed AMD not adequately
responding to anti-VEGF therapy. On OCT, measurements of subfoveal choroidal thickness
and the absence of Drusen (especially on the often less affected partner eye) are easily recog-
nizable guiding features. Spironolactone might represent a valuable additional therapy
targeting choroidal malfunction in these cases and should be further examined as an adjunct
therapy in randomized, controlled trials.
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