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INTRODUCTION

Age‑related macular degeneration (AMD) is a 
progressive, sight‑threatening disease and the major 
cause of permanent vision loss among elderly people 
in the developed world.[1] The prevalence of AMD is 
increasing as the population ages, with an expected 
3 million individuals affected by the year 2020.[2] Its 
pathogenesis is complex and remains an area of active 
research.

Multiple risk factors for AMD have been identified, 
with age being the largest non‑modifiable risk factor and 
cigarette smoking being the most strongly associated 
modifiable risk factor.[3] Several genetic associations 
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have also been identified. Genome‑wide association 
studies (GWAS) have identified an association between 
the Y402H polymorphism in complement factor H (CFH) 
with an increased risk of AMD, indicating dysregulation 
of the complement cascade in the pathogenesis of the 
disease.[4,5] Other commonly implicated loci are the 
ARMS2/HTRA1 genes,[6‑10] though the mechanism of 
this association is still under investigation.

While the bulk of research focuses on the role of the 
retinal pigment epithelium (RPE) in the pathogenesis 
of AMD, the role of the choroid cannot be overlooked. 
There is a growing idea that pathologic changes in outer 
retinal perfusion may be a significant early contributing 
factor to AMD. In this review, we will focus on new 
advancements in research in the role of the choroid in the 
pathogenesis of AMD, beginning with an exploration of 
the histopathologic, cellular and molecular changes that 
occur throughout the natural history and concluding by 
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discussing new choroidal imaging techniques and the 
patterns seen on fluorescein angiography, indocyanine 
green angiography, optical coherence tomography 
and optical coherence tomography angiography. 
Understanding the classification and histopathologic 
characteristics of AMD, as well as the function and 
anatomy of the choroid, will give us a better insight 
into the pathologic changes that occur in the choroid 
throughout the course of the disease.

METHODS

A literature review was conducted using the terms 
“choroid AMD,” “choroidal histopathology AMD” and 
“choroid imaging AMD” using the PubMed database 
from the year 2008 through October 2018.

Choroid in AMD
The hallmark characteristics of AMD are drusen and 
RPE changes. According to the Age‑Related Eye Disease 
Study (AREDS) classification [Figure 1],[11] a few small 
drusen or no drusen are considered category 1, or no 
AMD; several small drusen or a few medium sized 
drusen in one or both eyes are classified as category 2 
or early AMD. Intermediate AMD is category 3, which 
involves many medium sized drusen or one or more large 
drusen in one or both eyes. Atrophy of light sensitive 
cells including the RPE, outer retina and supporting 
tissue on the central retinal area resulting in geographic 
atrophy (GA), or choroidal neovascularization (CNV), 
the presence of abnormal and fragile blood vessels 
in the sub‑RPE or sub‑retinal space in neovascular 
AMD (NVAMD), are considered the advanced form 
of AMD, AREDS category 4.[11] Progression from early 
to late AMD is associated with severe and irreversible 
vision loss.

Histopathology
Chronological age‑related changes in Bruch’s 
membrane (BrM) begin with thickening of the outer 
collagenous layer of BrM and accumulation of thin 

Figure 1. AREDS classification of AMD.[11]

deposits between the RPE cells and their basement 
membrane (basal laminar deposits (BlamD)).[12] 
When BlamD thicken and accumulate long spacing 
collagen, lipoproteins, and inflammatory proteins, 
they are associated with AMD. Accumulation of 
lipid‑containing deposits and membranous deposits 
within the inner collagenous layer are called basal 
linear deposits (BlinD) [Figure 2].[12] Both types of BrM 
deposits, especially BlinD, correspond to drusen.[13,14] 
Oxidative damage related to environmental exposures 
may result in accumulation of RPE waste products, 
which contributes to the pathogenesis of AMD.[15,16]

Normal Anatomy of the Choroid
The choroid is composed of three vascular layers: 

the inner choriocapillaris (CC) and middle and outer 
layers of vessels (Sattler’s and Haller’s layers). The 
choriocapillaris is a continuous layer of capillaries with 
surrounding pericytes, lying below the RPE and BrM. 
While the inner retina derives its nutrition from the 
retinal vascular system, the choroid nourishes the outer 
retina, and the RPE depends on the choriocapillaris for 
survival. Additionally, the choroid supplies the central 
250 to 600 μm of the macula (foveal avascular zone), 
which lacks retinal blood vessels.[17,18] The endothelia 
of CC vessels have multiple fenestrations, especially on 
the side facing the retina, allowing for directional flow 
of oxygen and filtered materials from the choroid to the 
RPE, while the larger middle and outer choroidal vessels 
lack endothelial fenestrations.[17,19]

Blood flow through the choroid is high, with 
choroidal flow consuming over 70% of the blood flow 
in the eye.[20] Regulation of flow is controlled by the 
autonomic nervous system, via both sympathetic and 
parasympathetic pathways.[21] Due to the rapid rate 

Figure 2. Location of subretinal deposits. Basal laminar 
deposits (BlamD) are found between the RPE and its basement 
membrane, while basal linear deposits (BlinD) are located 
within Bruch’s membrane. The presence of BlinD is strongly 
correlated with drusen and AMD.
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of blood flow through the choroidal circulation, the 
arterio‑venous O2 difference is only 2‑3%.[22] In addition 
to blood vessels, normal choroidal stroma contains 
melanocytes, macrophages, lymphocytes, mast cells and 
plasma cells, as well as collagen fibers and nerve fibers.[23]

Choroidal Histopathology in AMD
Progressive involutional changes occur in the 
choriocapillaris with normal aging.[23] While some 
atrophy of the choriocapillaris is expected with age,[23,24] 
CC atrophy in AMD exceeds the amount attributable 
to normal aging.[25,26] Even at early stages of AMD, CC 
dropout has been observed.[25] Using Ulex europaeus 
agglutinin lectin and confocal microscopy, Seddon et al 
observed that in all early AMD samples, CC dropout was 
present in the absence of RPE loss.[25] Adjacent to regions 
of CC dropout, they observed neovascular buds, perhaps 
representing a precursor to NVAMD in early AMD.[25]

It has been suggested that the degree of choriocapillaris 
pruning is related to the number of drusen present.[27] In 
the work of Mullins et al, lectin histochemistry with 
Ulex europaeus agglutinin‑I was used to label CC 
endothelium.[27] They observed an inverse relationship 
between choroidal thickness and the density of deposits. 
In addition, CC density under drusen was 45% lower 
than in regions without drusen.[27] 

Vascular dropout appears to be linearly related to 
the progression of AMD. Histopathologic analysis 
by Seddon et al using Ulex europaeus agglutinin lectin 
revealed higher CC vascular loss for all stages of AMD 
compared to controls.[25] In early and intermediate 
AMD, 20.5% and 12.5% loss of vascular area was seen, 
respectively. A 39.0% loss was seen in GA, and a 38.2% 
reduction in cases of neovascularization without RPE 
detachment.[25]

“Ghost vessels” represent the remains of previously 
healthy CC vessels that have lost their endothelia. Using 
endothelial cell (EC)‑binding lectin from Ulex europaeus to 
differentiate live from ghost vessels, Mullins et al showed 
that in early AMD (AREDS grades 2 and 3), as the 
number of ghost vessels increases, CC density decreases, 
suggesting that CC dropout is due to endothelial loss 
and precedes RPE atrophy.[27]

In GA, atrophy of the RPE and photoreceptor cells 
occurs and the choriocapillaris thins.[27] McLeod et al 
performed a postmortem analysis of choroid wholemounts 
from subjects with GA.[28] Their measurement of the 
RPE and CC areas in those wholemounts showed 
50% attenuation of the choriocapillaris and reduced 
branching at the area of RPE atrophy, while the CC 
appeared morphologically normal in areas with no 
RPE atrophy.[28] In addition, mean capillary diameters 
in GA eyes showed significant reduction at, but not 
beyond, the area of atrophy. Ultrastructural analysis 
of GA cases showed less endothelial fenestration of the 

choriocapillaris compared to controls and thickening of 
the capillary endothelium.[28]

In neovascular AMD, new, aberrant vessels grow 
from the choroid through BrM to the sub‑RPE and 
sub‑neurosensory retina, leading to exudation and visual 
impairment. McLeod et al demonstrated CC dropout 
in CNV.[28] In regions of CNV in AMD, the decrease in 
choroidal vascularity was present, even in the absence of 
RPE atrophy. Lumenal architecture and diameter of the 
choriocapillaris vessels appeared unchanged in subjects 
with neovascular AMD.[28] McLeod et al suggested that the 
primary event in GA occurs at the RPE level, with changes 
in the choriocapillaris occurring secondarily.[28] On the 
other hand, in CNV, it appears that CC dropout occurs 
primarily, causing hypoxia, vascular endothelial growth 
factor (VEGF) production and neovascularization.[27] These 
findings have been supported by electron microscopy, 
where CC loss has been shown in all stages of AMD.[29] CC 
loss was present in both neovascular and non‑neovascular 
AMD, but as in the previous studies, attenuation was 
independent of RPE damage in CNV, while it was limited 
to the area of atrophy in GA.[29]

Cellular Characteristics
The presence of inflammatory cells, including 
macrophages, lymphocytes and mast cells, has been 
reported in the normal human choroid.[30] Mast 
cells (MCs) reside in vascularized connective tissues 
close to blood vessels, where, upon activation, they 
degranulate and release cytokines, proteases and a 
number of vasoactive substances [Figure 3a].[31] In normal 
elderly subjects, mast cells have been observed in large 
numbers near blood vessels in the outer two layers 
of the choroid [Figure 3b].[30] Bhutto et al found that 
the number of mast cells and degranulated mast cells 
was significantly increased in early AMD, exudative 
AMD, and GA compared to age‑matched controls.[32] 
While MCs were distributed in Sattler’s and Haller’s 
layers of the choroid in controls, in subjects with GA 
and CNV, they were found in close proximity to the 
choriocapillaris [Figure 3c]. Areas with the greatest 
numbers of degranulated MCs showed loss of the 
choriocapillaris, potentially due to release of proteolytic 
substances on degranulation. Formation of CNV may be 
related to release of angiogenic MC granule contents.[32]

Choroidal antigen presenting cells, particularly 
macrophages, have also been studied in association 
with AMD. Macrophages serve as important phagocytes 
and mediators of inflammation and are found in 
outer levels of the choroidal stroma in normal eyes.[33] 
Using immunohistochemical techniques, McLeod et al 
found a significant increase in activated macrophages 
(IBA1+/HLA‑DR+ cells) in the submaculae of early 
and intermediate AMD compared to age‑matched 
controls.[34] In regions of CNV in eyes with neovascular 
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AMD, significantly more activated macrophages were 
found. Overall, the mean macrophage cell volume was 
lower and sphericity was higher in all AMD groups 
compared to controls, indicating that macrophage 
activation and proliferation is present in higher levels 
in subjects with AMD, particularly the neovascular 
type.[34] Interestingly, subjects with the CFH Y204H 
polymorphism have been found to have elevated 
numbers of choroidal macrophages.[35]

Molecular Characteristics
Inflammation seems to play a key role in the pathogenesis 
of AMD, and the part of the complement pathway 
is a well‑established concept. Single nucleotide 
polymorphisms (SNPs) in complement regulatory 
factor H, are associated with increased risk of AMD.[4,36‑40] 
In particular, significant association with AMD was seen 
in a tyrosine‑402→histidine‑402 polymorphism at the 
locus coding for complement factor H.[36]

The complement cascade is a component of the innate 
immune system. It leads to initiation of the inflammatory 
response via one of three pathways, which converge on 
a final common pathway leading to production of the 
membrane attack complex (MAC). Complement regulatory 

proteins exist, which prevent cell lysis and inflammation 
caused by the MAC by inactivation of C3b.[41,42]

Accumulated complement complexes and increased 
levels of C‑reactive protein have been demonstrated 
in the BrM, CC and drusen of eyes with AMD and 
are associated with CC endothelial cell lysis and CC 
thinning.[8,37,42‑45] Specifically, drusen have been found 
to contain complement activators and fragments, 
implicating activation of the complement cascade in 
drusen formation.[37] Not only has complement complex 
accumulation been identified in AMD, but the severity 
seems to be Y402H allele‑specific.[42] Mullins et al showed 
that elevated levels of MAC are found in the RPE and 
choroid of subjects homozygous for the Y402H high risk 
histidine allele compared to donors homozygous for the 
low risk tyrosine allele.[42] This finding lends support 
to the theory that loss‑of‑function mutations in CFH 
lead to unregulated MAC formation, causing choroidal 
endothelial loss in AMD. 

To further evaluate the molecular basis of choroidal 
thinning, Sohn et al performed a proteomic analysis 
of eyes with thick and thin choroids in AMD and 
age‑matched controls.[26] They found that thin choroids 
showed reduced levels of serine protease inhibitor 

Figure 3. (a) Schematic of mast cell activation and degranulation. MCs are activated by complement, cytokines, etc., Granule 
contents include proteases that cause tissue breakdown and remodeling and vasoactive inflammatory mediators such as histamine 
and prostaglandins. MC activation in the choriocapillaris may contribute to CNV.[32] (b) Mast cell location in choroid of normal 
eye. MCs remain in Sattler’s and Haller’s layers.[30] (c) Mast cell location in the choroid of an eye with AMD. MCs migrate to the 
choriocapillaris.[32]
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A3 (SERPINA3), which inhibits proteolysis. Less 
intuitively, they found increased levels of tissue inhibitor 
of metalloproteinases‑3 (TIMP3) in thin choroids, which 
they hypothesized may lead to abnormal CC vessel 
turnover. This imbalance between proteases and protease 
inhibitors is likely involved in choroidal thinning in 
AMD.[26]

The role of autophagy in AMD pathogenesis has 
also been explored. Autophagy is the process by which 
cells dispose of damaged organelles and other debris.[46] 
Dysfunction of this pathway leads to accumulation of 
cellular waste products, potentially leading to inflammation 
and oxidative damage to the RPE and choroidal 
endothelium.[46] In the retina, extracellular deposition 
of amyloid beta (Aβ) and phosphorylated tau has been 
seen in normal aging photoreceptor outer segments and 
BrM.[47‑50] Deposition of (Aβ) and phosphorylated tau and 
their role in small blood vessel damage is widely studied 
in dementia and neurodegenerative disease. Aβ causes 
formation of free radicals, leading to vasoconstriction, 
reduced blood flow and endothelial cell apoptosis,[50] 
while phosphorylated tau can induce mitochondrial 
dysfunction.[50] Aboelnour et al demonstrated increased 
deposition of Aβ and phosphorylated tau in the choroidal 
vessels of complement factor H knockout (Cfh _/_) mice, 
suggesting a relationship of overactive complement to 
Aβ and tau deposition.[50] While both knockout mice and 
controls showed deposition of Aβ and phosphorylated 
tau in the choroidal vessels, the increased levels in 
knockout mice may suggest a role in endothelial cell 
damage, capillary loss and low perfusion in early AMD.[50] 
The presence of Aβ in drusen may also be related to 
prolonged inflammasome activation in the choroid, 
leading to increased apoptosis and pyroptosis of RPE 
cells in AMD.[51]

Choroid in AMD by Imaging Techniques

Fluorescein angiography and indocyanine green angiography
Fluorescein angiography (FA) is the gold standard 
for analysis of CNV and has been used to quantify 
areas of both CNV and GA.[52] However, fluorescein 
dye leaks from blood vessels, making it less ideal for 
visualization of details in the choroidal circulation.[53]

Early in the course of AMD, hard drusen can cause 
“window defects”, or early hyperfluorescence on FA 
due to thinning of the overlying RPE, through which 
choroidal vessels can be seen.[54] FA has demonstrated 
slow choroidal filling in early AMD.[54] Because 
fluorescein dye is not highly bound to plasma proteins, 
it allows for visualization of patterns of leakage when 
choroidal neovascularization is present, defined as occult 
or classic.[55]

Although FA is useful for visualization of CNV, 
retinal‑choroidal anastomoses and other choroidal 

vascular abnormalities are better visualized using 
indocyanine green angiography (ICGA). In contrast to 
fluorescein, ICG dye binds to plasma proteins, remains 
within CC vessels, and allows for more detailed 
visualization of choroidal vascular patterns.[56] In early 
AMD, ICGA has demonstrated reduced fluorescence of 
the choroid, suggesting slow choroidal filling in the early 
stages of disease. In particular, a prolonged choroidal 
filling phase is associated with a higher density of 
confluent hard drusen, which appear hyperfluorescent 
on ICGA.[57] In geographic atrophy, ICGA shows 
hypofluorescent areas with loss of background 
fluorescence from degeneration of the underlying 
choriocapillaris.[58]

Choroidal appearance on ICGA can be particularly 
helpful in distinguishing advanced GA from Stargardt 
disease (STGD), which can appear clinically similar. Giani 
et al found that “dark atrophy,” or late hypocyanescence 
on ICGA was significantly more common in STGD than 
in AMD.[58] As STGD is a hereditary macular dystrophy, 
they hypothesized that dark atrophy may be due to more 
extensive atrophy in STGD compared to GA.[58]

ICGA’s utility is highest in evaluation of neovascular 
AMD, where several types of choroidal vascular 
anomalies have been identified. Among these patterns 
are retinal‑choroidal anastomoses (RCA), polypoidal, 
retinal angiomatous proliferation (RAP) and deep retinal 
vascular anomalous complexes (RVACs).[59] The work 
of Kim et al showed that in NVAMD, the presence of 
punctate hyperfluorescent spots on ICGA correlates with 
choroidal vascular hyperpermeability (CVH).[60]

Optical coherence tomography
Enhanced depth imaging opt ical  coherence 
tomography (EDI‑OCT) technology has shown that 
the choroid thins with normal aging.[24] While some 
degree of thinning is expected with age, multiple OCT 
studies have demonstrated that choroidal thinning 
occurs disproportionately in AMD, even at early stages 
of disease [Figure 4].[61‑68]

Choroidal thinning identified on spectral domain 
OCT (SD‑OCT) in early AMD may be associated with 
an increased risk of progression to more advanced 
disease.[63] In patients with early AMD, several studies 
have shown a significantly higher degree of choroidal 
thinning in eyes with reticular pseudodrusen (RPD) 
compared to those without.[69‑71] Using SD‑OCT, Lu et al 
showed significant progressive thinning of the subfoveal 
choroid in AMD.[62] Mean thickness in intermediate AMD 
was 215.6 μm, while it was 200.4 μm in late NVAMD.(62) 
Other OCT studies revealed similar significant choroidal 
thinning in advanced stages of dry AMD.[61,72] In 
agreement with the histopathologic findings of McLeod 
et al,[28] Govetto et al found that the amount of choroidal 
thinning was more significant in eyes with neovascular 
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AMD compared to non‑neovascular AMD fellow eyes.[72] 
Additionally, a relationship has been identified between 
chronic cigarette smoke exposure and choroidal thinning 
in subjects with early AMD.[73]

Contradictory to reports of CC thinning in intermediate 
AMD, Almeida et al found that choriocapillaris‑equivalent 
thickness (CCET) was increased in patients with 
intermediate AMD compared to age‑matched controls, 
perhaps due to increased VEGF and accumulation 
of ghost vessels at earlier stages of disease.[74] Using 
EDI‑OCT and the Iowa Reference Algorithms for objective 
segmentation, they determined that there was also less 
CC thinning in response to positional change (from sitting 
to supine) in patients with intermediate AMD compared 
to controls. The decreased response to positional change 
may be related to a loss of CC elasticity.[74]

Three patterns of CNV have been identified with OCT. 
Type 1 refers to sub‑RPE neovascularization, type 2 is 
subretinal, and type 3 is intraretinal proliferation.[75] Another 
choroidal entity identified on OCT is the “pachychoroid 
spectrum” of diseases, which involves abnormal, dilated 
vessels in the deep choroid (pachyvessels), accompanied 
by atrophy of Sattler’s layer and the choriocapillaris.[76] 
The pachychoroid spectrum encompasses a number of 
diseases, including central serous chorioretinopathy (CSC), 
polypoidal choroidal vasculopathy (PCV), pachychoroid 
neovasculopathy and pachychoroid pigment 
epitheliopathy (PPE).[76,77] The term “pachychoroid pigment 
epitheliopathy (PPE)” was instituted by Warrow et al to 
describe pathologic changes seen in the RPE overlying 
dilated choroidal vessels.[77] Yanagi et al found that PPE 
was strongly associated with underlying non‑exudative 
neovascularization in AMD.[78] They hypothesize that 
pachyvessels may compress the inner choroid (i.e. CC), 
causing disturbances in choroidal circulation.[78]

Further investigating pachyvessel morphology, 
Baek et al used swept‑source en face OCT to evaluate 
changes in the choroidal vasculature in neovascular and 

non‑neovascular AMD, CSC and PCV.[79] They found 
pachyvessels in 46% of eyes with typical NVAMD and 
demonstrated that morphologic changes are not limited 
to the CC, but also involve the deeper choroidal vessels. 
The choroid was globally thin, with focal areas of dilation 
of deeper vessels.[79]

Takahashi et al further characterized changes in 
the large choroidal vessel layer in NVAMD.[80] Using 
swept‑source OCT, they demonstrated that NVAMD 
eyes with CVH on ICGA had higher mean subfoveal 
choroidal thickness, larger choroidal vessel lumenal 
areas, expanded choroidal stroma, and a thicker large 
choroidal vessel layer, likely due to leakage of fluid into 
the interstitium.[80]

OCT angiography
OCT angiography (OCTA) allows for three‑dimensional 
visualization of blood flow in the retina and choroid 
and is an excellent tool for assessing CC vessel density. 
Multiple OCTA studies have demonstrated choroidal 
thinning in all stages of AMD, with particularly 
significant thinning associated with the presence of 
reticular pseudodrusen (RPD) and drusen.[81‑85] The 
vessel density of the CC, Sattler’s and Haller’s layers are 
reduced in all groups of patients with non‑neovascular 
AMD compared to controls.[81]

In patients with GA, OCTA has demonstrated 
persistence, but dramatic thinning, of the choriocapillaris 
at the area of atrophy. This area corresponded to 
hyperfluorescence seen on FA.[86] Using OCTA, Pellegrini 
et al demonstrated that, when compared with STGD eyes, 
subjects with GA showed less dramatic attenuation of 
the CC, while those affected by STGD showed dramatic 
CC loss with additional loss of the Sattler layer.[86] They 
hypothesized that residual RPE cells in GA may preserve 
the underlying choroid, while in STGD, the loss of the 
RPE is more profound, leading to disappearance of the 
CC.[86] Thus, OCTA has led to a better understanding of 
the dark atrophy initially seen with ICGA.

OCTA has been especially helpful in better 
characterizing choroidal morphology. In early AMD, 
OCTA has shown alterations in choriocapillaris 
composition, with fibrosis and an increased ratio of 
stroma to vessels.[82] Wirth et al investigated OCTA 
characteristics of active and quiescent CNV.[87] In active 
CNV, a “peripheral halo” was seen around the lesion, 
suggesting reduced flow to the surrounding capillaries. 
Inactive lesions were characterized on OCTA by a main 
trunk vessel with thinning of intralesional capillaries 
and loss of the peripheral halo. They found that CNV 
lesions do not fully involute after treatment, but rather 
regress in depth and persist.[87] OCTA has allowed for 
better visualization of choroidal morphology in AMD 
and has further corroborated the choroidal attenuation 
seen on histopathology and SD‑OCT.

Figure 4. Representative SD‑OCT imaging of the choroid 
in AMD progression. (a) normal control with all three 
choroidal layers visible: choriocapillaris (asterisk), Sattler’s 
layer (chevron) and Haller’s layer (solid arrow head). 
(b) Intermediate AMD with drusen and thinning of the choroid 
compared with normal control. (c) Late AMD with CNV and 
atrophy of the choriocapillaris (hollow arrow head). (d) Late 
AMD with GA and severe atrophy of the choroid (triple arrow 
heads).
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CONCLUSION

The pathogenesis of AMD is complicated, multifactorial and 
incompletely characterized. Given the inherent challenges 
in viewing the choroid, its role in AMD has been difficult 
to assess. With the recent advent of SD‑OCT and OCTA, 
it is now possible to visualize and measure the choroid, 
which was previously challenging. Histopathologic studies 
have demonstrated that choroidal vascular depletion is 
present in early AMD and is progressive in both wet and 
dry late AMD. The order in which CC dropout occurs may 
be different in GA versus CNV, with vascular dysfunction 
and subsequent ischemia perhaps being the inciting event 
in neovascular disease. The choroidal vascular dropout 
seen on histopathology has been borne out in both SD‑OCT 
and OCTA studies, with significant thinning seen in AMD 
versus controls, particularly in neovascular AMD. The 
choroid has also been implicated in the investigation of 
inflammation and complement activation in AMD, with 
disproportionate accumulation of the membrane attack 
complex in the choriocapillaris, as well as mast cell and 
macrophage activation.

One potential mechanism by which neovascular 
AMD develops might begin with choroidal vascular 
dysregulation. This could manifest as pachychoroid 
changes and/or vascular depletion. With inefficient 
clearance of RPE waste products and defective 
oxygen transport to the RPE, lipid and other waste 
may build up in the subretinal space as drusen and 
drusenoid deposits. In individuals predisposed to 
pro‑inflammatory states, such as those with mutations 
in complement inhibitors, those with defective 
autophagy, or those who smoke, these deposits may 
induce oxidative damage and cause inflammatory 
mediators such as mast cells and macrophages to 
migrate from the deeper layers of the choroid to 
the choriocapillaris. At the site of action, these cells 
may activate complement and release proteases and 
vasoactive substances such as VEGF, causing damage 
to the overlying RPE and proliferation of new, aberrant 
blood vessels in an attempt to correct the relative state 
of ischemia. Thickening of Bruch’s membrane due to 
deposition of collagen, lipid and oxidized waste would 
further worsen the ischemia, causing release of more 
VEGF and more neovascularization. Available imaging 
modalities have demonstrated that attenuation and 
disruption of the choriocapillaris architecture can be 
present at the earliest stages of AMD.

In GA, choroidal dropout and other CC vascular 
abnormalities do not appear to extend beyond the area 
of atrophy, suggesting that atrophy of the RPE and 
photoreceptors may occur prior to vascular thinning 
in non‑neovascular AMD. This suggests a trophic 
relationship between the outer retina and choroid and 
also indicates that the pathogenesis of wet versus dry 
AMD is potentially different.

Age‑related macular degeneration is likely a 
heterogeneous group of diseases, with many etiologies 
and risk factors leading to a group of similar phenotypes. 
More research is required to further elucidate the inciting 
factors that lead to choroidal dysregulation and atrophy. 
Additionally, a better understanding of the time course 
in which vascular changes occur with respect to retinal 
changes may be helpful in establishing differences in the 
pathogenesis of GA and CNV, as well as identifying early 
features of disease that could lead to earlier intervention 
and better patient outcomes.
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