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RESUMEN EN CASTELLANO 

 

OBJETIVOS: 

  Investigar posibles diferencias de grosor coroideo entre ojos con degeneración 

macular asociada a la edad (DMAE) no neovascular (NNV) y neovascular (NV). 

 

CENTROS PARTICIPANTES:  

  Hospital universitario Ramon y Cajal (Madrid, España), Hospital universitario San 

Raffaele (Milán, Italia) e Instituto Oftalmológico Stein (Los Angeles, Estados Unidos).  

 

METODOS: 

  Se diseñó un estudio retrospectivo y observacional incluyendo todos los pacientes 

diagnosticados con DMAE NNV en un ojo y DMAE NV en el ojo contralateral entre enero 

2014 y enero 2015 en los centros participantes. Los Ojos con DMAE NNV fueron divididos 

en subgrupos según los criterios del grupo Beckman: Cambios normales asociados a la 

edad (grupo 1), DMAE inicial (grupo 2), DMAE intermedia (grupo 3) y DMAE avanzada 

(grupo 4). El grosor coroideo y retiniano fue medido manualmente usando tomografía de 

coherencia óptica de dominio espectral (SD-OCT) en modalidad enhanced depth imaging 

(EDI) desde 1500 µm nasal hasta 1500 µm temporal a la fóvea. Pruebas estadísticas 

paramétricas y no paramétricas fueron empleadas para comparar variables cuantitativas, 

mientras el test χ2 fue empleado en las comparaciones entre variables categóricas. 

Regresiones logísticas fueron empleadas para evaluar la relación entre el grosor coroideo 

y otras variables de interés.  

 

RESULTADOS: 

  En este estudio se incluyeron 322 ojos de 161 pacientes de los cuales 102 

(63.35%) eran mujeres y 59 (36.65%) eran varones. La edad media era 80.80±8.45 años 

(rango 58-99 años). El tiempo de seguimiento medio fue de 11.2±10.8 meses (rango 1-38 

meses). En ojos con DMAE NNV, la coroides era más gruesa en la zona subfoveal y 

temporalmente temporal a la fóvea, con diferencias estadísticamente significativas si 

comparadas se comparan con el ojo contralateral con DMAE NV. Las diferencias de 

grosor coroideo entre DMAE NNV y DMAE NV fueron más marcadas a en estadios más 

precoces de DMAE NNV.  

 

CONCLUSIONES: 

  La coroides subfoveal y temporal era fue significativamente más gruesa en DMAE 

NNV comparada con la DMAE NV de los ojos contralaterales.  El adelgazamiento coroideo 

fue más significativo en estadios avanzados de la DMAE NNV.  

 

 



 

ABSTRACT 
 

 
PURPOSE:  

To investigate the possible differences in choroidal thickness (CT) between non-

neovascular (NNV) and neovascular (NV) age-related macular degeneration (AMD). 

 

METHODS:  

A retrospective, observational chart review of consecutive patients diagnosed with 

NNV AMD in one eye and with NV AMD in the fellow eye was carried out. NNV AMD was 

classified into four subgroups according to the Beckman Initiative for Macular Research 

AMD Classification Committee Meeting. CT was manually assessed using enhanced 

depth imaging optical coherence tomography from 1500 mm nasal to 1500 mm temporal 

to the fovea. Parametric and nonparametric tests were used to compare quantitative 

variables, a χ2 test was used to compare categorical variables and logistic regression 

was used to evaluate associations of CT with other variables of interest. 

 

RESULTS: 

In this study, 322 eyes from 161 patients were included and 102 (63.35%) were 

female and 59 (36.65%) were male, with a mean age of 80.80 ±8.45 years (range 58–99 

years). Mean follow-up was 11.2±10.8 months (range 1–38 months). In NNV AMD 

eyes, the choroid was significantly thicker in the subfoveal and temporal regions of the 

macula, if compared with NV AMD fellow eyes. Differences in CT between NNV AMD and 

NV AMD fellow eyes were higher at earlier stages of NNV AMD. 

 

CONCLUSIONS: 

Subfoveal and temporal choroid was significantly thicker in NNV AMD compared 

with NV AMD fellow eyes. There was a significant choroidal thinning at advanced stages 

of NNV AMD. 
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1. INTRODUCTION 

 

 The recent introduction of enhanced depth imaging (EDI) spectral-domain optical 

coherence tomography (OCT) techniques, first described by Margolis and Spaide in 

2009,1 has resulted in more robust investigation of the choroid, including the study of 

choroidal thickness (CT) and morphology, in a broad spectrum of ocular diseases.2-11  

 While EDI OCT imaging acquisition is simple and straightforward, the analysis and 

interpretation can be challenging and can vary significantly among individuals, and may 

be influenced by multiple ocular and extraocular factors that are difficult to control.12 Such 

variability may represent a significant limitation when comparing CT in a study population 

versus a control group.2 

 The choroid may play a role in the pathogenesis of both neovascular (NV) and 

non-NV (NNV) age-related macular degeneration (AMD), as reduction in choroidal 

perfusion and associated outer retinal ischemia has been described in both forms of this 

disease.13-16 Therefore, considering the intimate relationship between the outer retina and 

the choroid, it would be reasonable to expect a correlation between choroidal status and 

AMD progression.  

 While some reports have shown a significant association between CT and AMD 

status, specifically a thinner choroid at later stages of the disease,17,18 other published 

studies have not confirmed this finding.3,19-23 In addition, studies investigating possible 

differences in CT between NNV AMD and NV AMD have been inconclusive.23  

 The variable results in the literature may be explained by the lack of a comparative 

fellow-eye study, which may significantly reduce the risk of bias due to confounders, and 

may overcome the issue of CT variability among different individuals. Therefore, we 
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designed a retrospective, multicenter observational and comparative study to investigate 

variations of CT between eyes with various grades of NNV AMD and fellow eyes with NV 

AMD. 

 In this thesis, we will summarize the anatomy, histology, physiology and 

pathophysiology of the choroid and the retina in AMD, and discuss the results of our study 

investigating the anatomical variations of the choroid in the different stages of AMD. 

 

1.1 NORMAL CHOROIDAL ANATOMY AND PHYSIOLOGY 

 

1.1.0 Physiology of the Choroid 

 The word choroid comes from the ancient Greek: korio-aydez, for korio (corio): a 

membrane around the fetus, and aydez (εidhs): that looks like. In Latin this word meant 

network. Approximately 95% of the blood flow in the eye goes to the uvea, with the choroid 

accounting for more than 70%.24 

 The choroid has the highest blood flow per unit weight of any tissue in the body, 

and its main function is to supply oxygen and metabolites to the outer retina, retinal 

pigment epithelium, and the fovea.25 

 The fovea centralis is a small, central area of the macula characterized by the 

highest density of cone photoreceptors. The photoreceptors have an extremely high 

necessity of oxygen, and are replete with mitochondria. This cells have the highest rate 

of use of oxygen per unit weight of any other tissue of the body.26  
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 Its characteristic anatomical features include the presence of large membrane-

lined lacunae, which can dramatically increase their volume and, therefore, causing the 

increase of the thickness of the choroid.27  

 Moreover, the choroid contains nonvascular smooth muscle cells, which 

contraction may result in choroidal thinning, opposing the thickening caused by expansion 

of the lacunae.  

 The thickness of the choroid is extremely variable among individuals, and may be 

influenced by a broad spectrum of factors such as age, axial length, systemic blood 

pressure, ocular perfusion pressure, diurnal fluctuations, smoking, anterior chamber 

depth, lens thickness, corneal curvature, obstructive sleep apnea syndrome, body mass 

index, use of phosphodiesterase inhibitors, and others.28-38 

 The choroid has also intrinsic innervation, which may control the smooth muscle 

cell and may modulate choroidal blood flow as well. The intrinsic choroidal neurons 

receive sympathetic, parasympathetic and nitrergic innervation. 

 The choroid has several functions: Its vasculature is the major supply for the outer 

retina, and an impairment of the flow of oxygen from choroid to the retina may cause 

AMD. The choroidal blood flow, which is as great as in any other organ, may also have 

thermoregulatory functions.39 The choroid also contains secretory cells, probably involved 

in the modulation of the blood flow and scleral growth.39  
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1.1.1  Normal Vascular Anatomy of the Choroid 

 The Choroid is occupied by vessels divided in three well-defined vascular layers, 

which can be differentiated based on their location and lumen diameter. The short and 

log ciliary arteries supply blood to the choroidal vasculature, while 4 to 6 vortex veins 

remove blood from this system.  

 The thinner and innermost of these three layers is the choriocapillaris, a dense and 

continuous network of capillaries bordering Bruch's membrane. The capillaries are 

fenestrated, allowing the passage of molecules through pores measuring 60-70nm (figure 

1, A).  Such capillaries branch from the medium- and small-sized vessels in the 

intermediate layer of the choroid: Sattler's layer (Figure 1, B).  

 Finally, Haller's layer is the outermost layer and consists of posterior ciliary arteries 

and larger veins (figure 1, C). The thickness of this layer is maximum at the posterior pole 

of the eye, in the macular region.  

 Differently from the retina, the vascular hierarchy in the choroid is lobular, similar 

to the kidney’s lobules. Choroidal circulation is an end-arterial vascular bed with 

segmental blood flow and watershed zones and this is of great clinical importance, as the 

reaction of the choroid to different pathological mechanisms, including ischemia, may 

differ according to the location relative to the watershed zones.40 In this regard, the 

macular region seems to be particularly susceptible to ischemia, as in this area there is a 

confluence of multiple watershed zones. The poor vascularity of the macular choroid may 

be relevant in the pathophysiology of diseases like AMD.39,40  
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1.2 AGE RELATED MACULAR DEGENERATION 

1.2.0 Epidemiology  

 It is estimated that 8% of the worldwide population has age-related macular 

degeneration (AMD).41  

 AMD is the leading cause of legal blindness in patients aged 65 or over, ant it is 

the most common cause of blindness in the western world. Numerous population-based 

studies of age-related macular degeneration have been reported worldwide, with results 

suggesting racial or ethnic differences in disease prevalence.41 

 Data from the United States National Eye Institute (NIE) in the year 2010 shows a 

prevalence rate of 14% for white Americans aged 80 or over, confirming that Caucasians 

have the greatest likelihood of developing AMD. In 2010, 2.5 percent of white adults age 

50 and older had AMD.  

By comparison, AMD affected 0.9 percent each of blacks, Hispanics and people 

of other races (available at https://nei.nih.gov/eyedata/amd).  

 Women generally have a longer life expectancy than men and are therefore more 

likely to develop age-related eye diseases such as AMD. In 2010, 65 percent of AMD 

cases were in women compared with 35 percent in men in the United States. 

  By 2050, the estimated number of people with AMD in the United States is 

expected to more than double from 2.2 million to 5.4 million. White Americans will 

continue to account for the majority of cases. However, Hispanics will see the greatest 

rate of increase, with a nearly six-fold rise in the number of expected cases from 2010 to 

2050 (figure 2).  
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Figure 2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Projections of AMD cases divided by race. Data from the united states national eye 

institute. Data available at: https://nei.nih.gov/eyedata/amd. 

 

By 2020, the global worldwide projected cases of any age-related macular degeneration 

are 196 million, rising to 288 million in 2040, with the largest number of cases in Asia. In 

2040, Europe is expected to be second to Asia in the number of projected cases (69 

million), followed by Africa (39 million), Latin America and the Caribbean (39 million), 

North America (25 million), and Oceania (2 million) as shown in figure 3.41 
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Figure 3 

 

AMD projections for years 2020, 2030 and 2040. Asia lead the projection of expected AMD 

cases followed by Europe. 
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1.2.1 Clinical classification  

 Recently, the Beckman Initiative for Macular Research Classification Committee 

proposed a new clinical classification system for AMD. The new clinical classification is 

simpler, user-friendly and more suitable to normal clinical practice if compared to the 

former Age-Related Eye Disease Study (AREDS) staging system.42  

 Patients with no visible drusen or pigmentary abnormalities are considered as 

without signs of AMD (figure 4,A) . Patients with small drusen (<63µm), or drupelets, are 

considered to have normal aging changes with no clinically relevant increased risk of late 

AMD developing (figure 4,B).  

 

 Patients with AMD are divided into three grades:  

 

• Early AMD: Patients with medium drusen (≥63<125µm), but without pigmentary 

abnormalities (figure 5,A).  

 

• Intermediate AMD: Patients with large drusen (≥125 µm) or with retinal pigment 

epithelium (RPE) abnormalities associated with at least medium drusen 

(≥63<125µm), as seen in figure 5,B. 

 

• Late AMD: Patients with lesions associated with neovascular AMD or geographic 

atrophy (figure 6, A, B). 
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Figure 4 

A: Multicolor picture. 

Normal eye 

 

 

 

 

 

 

 

B: Multicolor picture. 

Normal aging 

changes.  

Few droplets can be 

seen in the foveal 

region (white arrows). 
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Figure 5 

C: Multicolor picture. 

Early AMD. 

Hard drusen without 

pigmentary abnormalities 

can be seen in the foveal 

region (white arrows). 

 

 

 

 

D: Multicolor picture. 

Intermediate AMD. 

Numerous soft, confluent 

drusen are visible in the 

foveal and macular 

region (white arrows).  
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Figure 6 

E: Multicolor picture. 

Late non-neovascular 

AMD, geographic 

atrophy.  

A large area of RPE 

atrophy can be seen in 

the parafoveal region 

(white arrows) 

 

 

F: Multicolor picture. 

Late neovascular 

AMD, macular 

hemorrhage. 

Choroidal 

neovascularization and 

subretinal hemorrhage 

(white arrows) 
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1.2.3 Non-neovascular form 

 Non neovascular AMD (NNV-AMD), also commonly called “dry” AMD, is defined 

as AMD without the presence of choroidal neovascularization. A common sign of NV-

AMD is the presence of drusen. Drusen are yellowish deposits of extracellular material 

which accumulates between Bruch’s membrane and the retinal pigment epithelium, as 

seen in figure 7. Classically they are divided between hard (figure 7,A) and soft drusen 

(figure 7,B). Soft drusen are normally larger than hard drusen, and may aggregate 

between them.  

 

Figure 7 

 

Photomigrohraph of drusen. A: Hard drusen. 70 years old woman. The accumulation of 

extracellular material between the Bruch membrane and the RPE (white arrows) caused a small, 

focal elevation of the RPE. B. Soft drusen. 85 years old male. Diffuse elevation of the RPE due 

to significant deposition of extracellular material.  
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Other drusenoid-like lesions known as reticular pseudodrusen may resemble the 

anatomical aspects of classic drusen, but their location is over the retinal pigment 

epithelium, as seen in figure 8.  

 

Figure 8 

Multimodal imaging of reticular pseudodrusen in a 70 years old male. A: Multicolor. Multiple 

well-defined yellow spots are visible throughout the macular region. B: infrared reflectance. The 

spots are hypo reflective. C: Optical coherence tomography. Classic drusen (black arrow) lies 

beneath the RPE, while reticular pseudodrusen (white arrow) lies over the RPE. 



 

 22 

 Drusen can also be divided by size. They are considered to be small when their 

diameter is less than 63µm, medium when their diameter is more or equal than 63µm and 

less than 125 µm, and large when their diameter is more or equal than 125µm.42 

 The presence of confluent soft drusen is considered as a risk factor for the 

progression of AMD. In the AREDS study it was reported that the risk of conversion to the 

neovascular form of AMD within 5 years is extremely low for early AMD patients (1%). 

The risk increases in case of patients with unilateral intermediate AMD (6%) and becomes 

considerable in patients with bilateral intermediate AMD (25%).43  

 In other prospective studies, 5% of the patients with intermediate AMD evolved to 

Geographic atrophy (GA) within 5 years.44 

 GA is the end stage of the non-neovascular form of AMD as is defined as any 

clearly delineated round or oval hypopigmentation or depigmentation or absence of the 

retinal pigment epithelium, in which choroidal vessels are more visible. It is better imaged 

with autofluorescence (figure 9). Normally, to be considered as GA such area has to be 

a diameter of at least 150-350µm.42                                                                                                                                                              

 In earliest NNV-AMD stages (early and intermediate) the visual acuity is normally 

not compromised [ref], while at late stage, known as geographic atrophy the important 

atrophy of the retinal pigment epithelium and the subsequent photoreceptor loss may 

significantly decrease the visual acuity of the patient.43    
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Figure 9 

Multimodal imaging of bilateral geographic atrophy in a 90 years old female. A: 

Autofluorescence. Geographic atrophy is seen as a large, confluent and patchy area of 

hypoautofluorescence, due to RPE atrophy. B. Red free image. C. Optical Coherence 

tomography. In cross sectional images the RPE in the macular region is atrophic. Note the 

significant thinning of the retina.   

 

1.2.4 Neovascular form 

 Neovascular AMD (NV-AMD), also commonly called “wet” AMD, is defined as AMD 

with the presence of choroidal neovascularization (CNV). It may be accompanied by 

associated manifestations such as pigment epithelium detachments (PED), retinal 

pigment epithelium tears, fibrovascular scarring and vitreous hemorrhage.43 
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 CNV can appear as a white-yellow elevation of tissue in the deep retina, with 

associate neurosensory detachment of the retina due to sub-retinal fluid. Intraretinal fluid 

and associated hemorrhages are also frequent. Frequently, the evolution of CNV leads 

to the formation of fibrovascular glial formations known as disciform scar. The scars can 

be accompanied by massive hemorrhages and lipid exudation, as seen in figure 10. 

 

Figure 10 

A. Multicolor picture of a 

disciform scar.  

The lesion appears yellowish 

and elevated. Focal 

intraretinal hemorrhages are 

also visible. The lesion is 

surrounded by scattered 

drusen.  

 

 

 

 

B. Spectral coherence 

tomography of the same 

lesion. A CNV is visible.  
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 Retinal PED are well demarcated dome shaped elevations of the RPE, they can 

be either serous (filled with serous semi-transparent fluid), drusenoid (filled with drusenoid 

material) or fibrovascular (underlying a choroidal fibrovascular membrane) The presence 

of a PED does not always associate with a CNV. 

 A frequent complication of NV-AMD is the formation of RPE tears, which are 

breaks of the RPE frequently located at the edges of a PED. After the tear, the free edge 

RPE rolls and retract, with a characteristic morphology (figure 11). 

 

Figure 11   

Multimodal imaging of RPE rip. A: Autofluorescence. A large kidney-shaped 

hypoautofluorescent area is seen correspondent to the RPE rip. B. Optical coherence 

tomography. The RPE is scrolling and retracting.  
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1.3 ROLE OF THE CHOROID IN THE PATHOGENESIS OF AGE RELATED 

MACULAR DEGENERATION 

1.3.0 Vascular model of Age Related Macular Degeneration 

 Although there is strong evidence suggesting that the innate immune system is 

implicated in the mechanisms that lead to AMD, a primary vascular component has been 

proposed as contributing to AMD pathophysiology. Over the last years, the vascular 

model of AMD has growing in importance, with multiple histopathologic studies supporting 

this evidence.45-52  

 This vascular model proposes an increase in choroidal vascular resistance due to 

a decrease in ocular compliance, in turn caused by the increased rigidity of the sclera in 

the ageing eye. This reduction in choroidal perfusion, together with the increased 

hydrostatic pressure, decrease the processing of outer segment lipid by the RPE and, 

therefore reduce also the clearance of the lipoproteins.  Such metabolic alterations lead 

to the clinical characteristics of the disease, including drusen, pigmentary changes, and 

GA.52 

 Progression to NV-AMD and CNV development involve also angiogenic factors 

such as the vascular-endothelial growth factor (VEGF), which is overexpressed by 

hypoxia and ischemia.52  

 Several studies indicate that there are significant abnormalities in the choroidal 

vasculature and choroidal blood flow in AMD.45-52  

 Using color Doppler imaging, Friedman et al. found reduced blood flow and 

increased resistance in the central retinal artery and the posterior ciliary arteries in a 

mixed group of AMD patients, if compared with age-matched control subjects without 

AMD.50  
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 In later studies, this finding was confirmed and extended upon by other groups 

using alternative imaging techniques, such as fluorescein angiography. Using this 

imaging modality, Prünte and Niesel first reported increased mean times for arterial, 

capillary, and venous filling, and reduced capillary density in patients with AMD, indicative 

of reduced choroidal blood flow.53  

 More recently, Ciulla et al. showed delayed and heterogeneous filling of the 

choroid of AMD patients, employing a technique based on scanning laser 

ophthalmoscope indocyanine green angiography.54 

 Abnormal choroidal blood flow in AMD has also been suggested based on laser 

Doppler experiments,55,56 pneumotonometry57 and interferometry.58 

  

 

1.3.1 The aging choroid 

 The choroid and its vasculature undergo various changes during normal aging, 

and these changes often become more severe in eyes with AMD. However, it is not yet 

clear whether such changes are a cause or an effect of AMD pathology. 

 Choroidal thickness has been shown to be dynamic, with rapid changes of up to 

100 μm occurring within hours of a myopic defocus stimulus in chickens.39 

 Diurnal fluctuations of choroidal thickness up to 40 μm have been shown in 

chickens, being the choroid thickest at night and thinnest during daytime.39 

 Reversible changes in choroidal thickness in humans are much smaller in 

magnitude, as shown by Brown and Usui, but still subject to circadian variations.59  

 However, the aging choroid seems to undergo a significant and, more importantly, 

permanent decrease in choroidal thickness (figure 12).  
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Figure 12 

 

Photomigrograph pictures of the choroid, same magnification. A: 60 years old female. The 

choroid has a normal thickness (white arrows); the vessels of the Haller’s layer have a good 

lumen. B. 90 years old male. The choroid appears significantly thinner if compared to A (black 

arrows). The morphology of the choroidal vessels is remarkably compromised, with significant 

atrophy and reduction of the lumen diameters. 

 

Using swept-source OCT, Wakatsuki et al. found that total choroidal thickness decreases 

with age, with the thickness of the choroid beneath the fovea decreasing by approximately 

3 μm per year.60 

 A decrease in choroidal thickness has been shown to be a risk factor for CNV 

development, as reported by Grunwald et al. They discovered a significant association 

between decreased circulation within the choroid and increased risk for wet AMD.61 This 
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confirmative data implicates ischemia in CNV formation, and provide evidence for the 

importance of decreased choroidal blood flow in disease progression. 

  Moreover, various histological studies showed the association between decrease 

in choriocapillaris density and the increase in the number of ghost vessels.62 This 

suggests that the difference in vascular density are due to loss of endothelial cells, not 

innate variability in vessel density. 

 Recent OCT studies demonstrated that eyes with GA have a thinner choroid than 

age-matched controls or those with early AMD.63  

 In biochemical studies of donor choroids, thin choroids were found to have higher 

levels of tissue inhibitor of metalloproteinase-3 (TIMP3), whereas thicker choroids exhibit 

higher levels of serine proteases, with corresponding shifts in the balance between fibrillar 

collagen and ground substance in the choroidal stroma. Altered abundance and/or 

function of proteases or their inhibitors may be an important factor in choroidal thinning 

and AMD pathogenesis.62 
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1.4 IMAGING THE CHOROID 

 

 Due to its peculiar localization between the retinal pigmented epithelium and the 

underlying sclera, the choroid is challenging to visualize.  

 The retinal pigmented epithelium is a tissue with high concentration of melanin and 

pigment, which can block imaging modalities based on fluorescence and light reflection. 

 Various imaging techniques have been employed over the years to visualize this 

peculiar tissue of the eye.  

 

1.4.0 Fluorescein angiography 

 

 Fluorescein is a manufactured organic compound and dye. It is stimulated by blue 

light with a wavelength between 465 and 490 nm and emits a green light with a peak 

emission between 520 and 530 nm and a curve extending to approximately 600 nm.  

 Angiography with fluorescein dyes has been widely used for decades in the 

imaging of retinal disorders, but has very limited use in choroidal imaging (figure 13, A). 

In fact, both the excitation and emission spectra from fluorescein are blocked in part by 

the pigment of the RPE. Moreover, the fenestrated nature of the capillaries of the 

choriocapillaris causes leakage of fluorescein, impeding sufficient delineation of the 

choroidal anatomy.  

 

 

 

 



 

 31 

1.4.1 Indocyanine green angiography  

 

 Indocyanine green (ICG) is a cyanine dye widely used in medical diagnostics and 

particularly useful in the imaging of the choroid (figure 13, B). ICG absorption peak is 

between 790 and 805 nm, a longer wavelength if compared to fluorescein. Such 

characteristics allow ICG fluorescence to better penetrate highly pigmented tissues such 

as the RPE.  

 Moreover, ICG is 98% plasma protein bound and thus is less likely to leak from the 

normal choroidal vessels.  

 During the earlier phases of ICG angiography, the choroidal vessels are clearly 

delineated, but overlaps phenomena between vessels of different layers make difficult to 

precisely localize them. This type of angiography allows the dynamic evaluation of the 

choroidal circulation real-time.  

 The disadvantage of ICG is that it is an invasive procedure, as the dye needs to 

be injected intravenously to the patient in order to reach the choroidal circulation. The 

toxicity of the compound is low, but the administration is not free of risks, especially during 

pregnancy.  
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Figure 13 

 

Comparison of fluorescein and indocyanine green angiography in the same eye.  

A, B: Early laminar phase of the angiogram. Differently to fluorescein (A), which is blocked by 

the RPE, indocyanine green (B) allows the visualization of the choroidal vascular network. C, D. 

Late phase of the fluorescein. Also in late phase choroidal vessels are seen beneath the retina 

with indocyanine green (D) and not with fluorescein (C). 
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1.4.2 Ultrasonography 

 

 Contact B-scan ultrasonography technology uses the vibration of a piezoelectric 

crystal located into a probe to reconstruct images of the eye.  

 The vibration of the crystal is stimulated by an electrical current, and produces 

sound waves which are reflected by intraocular structures, and detected by the same 

crystal. The reflected sound waves vary in strength according to the position of the 

structures into the eye, with deeper tissues (such as the choroid) producing weaker 

reflections.  

 This technique provides low resolution images of the choroid, it is very useful to 

detect gross thickening of the choroid, such as in tumors. However, the low resolution 

makes this imaging modality not reliable to measure precisely smaller variations in 

choroidal thickness (figure 14).  

 

Figure 14 

B-Scan.  

The resolution of the 

image is insufficient 

for reliable choroidal 

thickness 

measurements.  
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1.4.3 Spectral-Domain Optical Coherence Tomography 

 

 Spectral-Domain Optical Coherence Tomography (SD-OCT) is a non-invasive, 

high resolution, high speed imaging technique which is becoming the gold standard in the 

diagnosis of many retinal and choroidal disease (figure 15).  

 SD-OCT uses near-infrared light to capture images in micron-scale resolution. It is 

based on the principles of interferometry; a technique in which electromagnetic waves 

are superimposed to extract information.64  

 Differently from older time-domain machines, newer SD-OCT uses Fourier 

transform to decompose a signal into the frequencies that make it up. This technology 

can produce useful information from all depth levels. However, the sensitivity of SD-OCT 

decreases at increasing depths. This translates in lower resolution of deeper tissues such 

as the choroid.64  

 

Figure 15 

SD-OCT cross-sectional scan of a normal macula. The different retinal and choroidal layers 

are labeled. 
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1.5 IMAGING THE CHOROID WITH SD-OCT 

 

1.5.0 Enhanced Depth Imaging 

 

In 2009, in a landmark paper Margolis and Spaide described a novel SD-OCT 

imaging technique named enhanced depth imaging (EDI) which provides detailed and 

high resolution pictures of the choroid.1  

 In normal SD-OCT settings, the peak of signal, in other words the point in which 

the images reach the highest resolution, is normally placed at the level of the vitreo-retinal 

interface. This is because the vitreous is a quasi-transparent tissue, and to visualize it 

high levels of sensitivity are needed (figure 16).64  

Figure 16  

Normal SD-OCT settings. The peak of sensitivity is placed at the level of the vitreous (white 

star). 
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 However, placing the peak of signal in such position does not allow to see the 

choroid properly, as deeper structures are darker in the SD-OCT images due to decrease 

sensitivity (figure 17, A). 

In EDI settings, the peak of sensitivity is placed in the inner sclera, so as deeper structures 

and the choroid can be seen (figure 17, B).1 

 

Figure 17 

A: SD-OCT without EDI module. The outer border of the temporal choroid is darker and its 

margins cannot be identified precisely (black arrows). B: SD-OCT with EDI module. The peak of 

sensitivity is moved to the inner sclera, the temporal choroid become visible and its outer margins 

are easily identified (white arrows). 

 

While in earlier versions the user had to manually set the SD-OCT machine to obtain 

inverted EDI images,1 now almost all commercially available SD-OCT platform can 

automatically perform EDI OCT without any manual set up by the user.64   
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 The inconvenient of EDI imaging is that the vitreous is not properly visualized, and 

to do so is it necessary to take another SD-OCT scan with the peak of sensitivity placed 

at the vitreo-retinal interface. 

 

 

1.5.1 Choroidal thickness measurements using EDI SD-OCT imaging 

 

The measurement of the choroidal thickness can be performed manually, using 

the “caliper” function incorporated in every commercially available SD-OCT platform. The 

inner limit of the choroid is located at the junction between the choriocapillaris and the 

Bruch membrane, while the outer limit is located at the transition between choroid and 

sclera. Both inner and outer limits are hyperreflective. A straight line is traced with the 

caliper from the inner to the outer limit of the choroid, perpendicularly to the retinal 

pigment epithelium line, in the point in which the operator wants to measure the choroidal 

thickness (figure 18). 

 

Figure 18 

Manual measurement of choroidal thickness. Straight lines are traced with the “caliper” 

function of the Heidelberg Spectralis platform.  
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These measurements are punctual, and may vary considerably as the thickness 

of the choroid is not uniform. Averaging the mean choroidal thickness can be done by 

arithmetic mean between various punctual measurements.  

Recently, various experimental software have been implemented in SD-OCT 

platform, with the capability of segment automatically the whole choroid, extrapolating the 

average choroidal thickness without the need of manual measurements (figure 19 A,B). 

However, the reproducibility and sensitivity of such measurements is object of debate.65-

67  

 

Figure 19 

 

Automatic segmentation of the choroid. A: incorrect segmentation. The green line does not 

follow correctly the outer margin of the choroid. B: correct segmentation. The green line follows 

correctly the outer margin of the choroid.  
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1.5.2 Reproducibility of choroidal thickness 

 

 The reproducibility of sub-foveal CT manual measurements has been evaluated in 

several studies. There is a very good inter-system, inter-observer, and inter-visit 

reproducibility. The inter-observer reproducibility is excellent between different SD-OCT 

platforms such as the Cirrus OCT (Carl Zeiss), Spectralis OCT (Heidelberg engineering), 

Optovue RTVue (Optovue Inc) and TopCon SD-OCT 2000 (TopCon Corp.).64  

 The mean difference between choroidal thickness measurements between two 

graders was 2µm in a study from Tan et al.68 This value is considerably less than the 

diurnal fluctuations of choroidal thickness in healthy eyes.  

 Recent publications showed that automated software can achieve fast, reliable, 

and objective measurements of choroidal thickness and volume. The advantage of 

automated software is that they are normally faster and do not require high operator skill 

levels.69 

 

 1.5.3 Normal choroidal thickness and its variations  

 

 The choroidal thickness is characterized by an extreme variability among 

individuals. In a large population-based study, normal choroidal thickness varied between 

8 and 854µm.12 This makes difficult the creation of a normative database and the 

definition of “normal” versus “abnormal” thickness of the choroid. 

 Numerous studies investigating choroidal thickness in healthy groups of patients 

have been published. Margolis and Spaide were the first to investigate the choroidal 
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thickness in a population of healthy individuals and found a mean value of choroidal 

thickness of 287µm.1  

 Increasing age was significantly associated with decreasing CT, with CT 

decreasing of approximately 16µm for each decade of life.1  

 Subsequent reports found variable values of CT in normal patients. For instance, 

Ikuno et. al found normal CT to be 354µm in a group of non-myopic Japanese patients. 

In their study the yearly decrease of CT was comparable to that of Margolis and Spaide, 

being of 14µm.70  

 The correct visualization of the chorio-scleral interface is seminal to obtain reliable 

measurements. If the outer limit of the choroid is insufficiently visualized with SD-OCT, 

the measurements can be biased.  

 Such extreme variability in CT makes inter-studies comparisons complicated and 

unreliable. The definition of “normal” is not universal in choroidal thickness, and varies 

from study to study. Moreover, the choroidal thickness may be influenced by a broad 

spectrum of factors such as age, axial length, systemic blood pressure, ocular perfusion 

pressure, diurnal fluctuations, smoking, anterior chamber depth, lens thickness, corneal 

curvature, obstructive sleep apnea syndrome, body mass index, use of 

phosphodiesterase inhibitors, and others.12 

 CT is also asymmetric, as first shown by Margolis and Spaide. Within the posterior 

pole, the choroid is thicker at the fovea and thinner nasally to the fovea.1 The temporal 

choroid is thicker than the nasal choroid but thinner than the sub-foveal choroid.  

 Even measuring the choroid in both eyes of the same patient, significant 

differences have been shown. For example, Ruiz-Medrano et al. reported significant 
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differences in nasal CT between left and right eye of healthy subjects.71 Similarly, Chen 

et al. and Kang et al. described discrepancies in subfoveal CT in normal populations.72,73 

 

 1.5.4  Qualitative analysis of the choroid with EDI SD-OCT analysis 

 

 EDI SD-OCT imaging allowed to study in-vivo the morphology of the choroid in a 

quick, easy and non-invasive way (figure 20, A,B).  

 

Figure 20 

Comparison of histologic (A) and SD-OCT EDI imaging of the choroid (B). A. Choriocapillaris 

(white arrow), Sattler’s layer (black arrow) and Haller’s layer (grey arrow) are visible. B. Only 

Sattler’s and Haller’s layers (white and black arrows) are identifiable.  
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 The first choroidal layer, the choriocapillaris, cannot be visualized in detail with SD-

OCT, but some authors believe that the hyperreflective areas below the Bruch membrane 

may represent a cross section of the capillaries. The dimensions of the small capillaries 

of this layer has been estimated around 30-40µm in histologic specimens, a value 

comparable with the lume of the hyperreflective foci, which is around 50µm.  

 The identification of the transition zones between chriocapillaris, Haller’s and 

Sattler’s layers is challenging, as there are no clear boundaries between them.  

 Esmaeelpour et al. presented a novel automated segmentation software capable 

of differentiating Halle’s and Sattle’s layers; However, the automated segmentation was 

not accurate, and needed manual control for by an experienced observer.74  
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2 MATERIAL AND METHODS 

 

2.0 Study design, participating centers, study population 

 

 A retrospective, multicenter, observational chart review of consecutive patients 

diagnosed with non neovascular (NNV) AMD in one eye and with neovascular (NV) AMD 

in the fellow eye and evaluated by three retina specialists (Marta Suarez de Figueroa, 

Jean Pierre Hubschman, and Francesco Bandello) at the Ramon y Cajal University 

Hospital (Madrid, Spain), the Stein Eye Institute, University of California Los Angeles 

(USA), and the San Raffaele Hospital (Milan, Italy) between January 2014 and January 

2015 was carried out.  

This study was approved by the institutional review boards of the Ramon y Cajal 

University Hospital, the University of California Los Angeles, and the San Raffaele 

Hospital. Cases were identified by a medical billing record search, using the international 

statistical classification of diseases and related health problems, ninth revision (ICD-9) 

diagnosis code 362.50 for AMD.  

All patients underwent a complete ophthalmological examination including best-

corrected visual acuity (BCVA) assessment, slit lamp bio-microscopy and fundus 

examination by an experienced retina specialist (Marta Suarez de Figueroa, Jean Pierre 

Hubschman, Francesco Bandello and David Sarraf). 

BCVA was reported in Snellen fraction and converted in the Logarithm of the 

Minimum Angle of Resolution (LogMAR) values for statistical analysis. 
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2.1  Exclusion criteria 

 

Exclusion criteria included a refractive error equal to or greater than ±3 diopters,  

anisometropia (defined as difference in refractive error between the two eyes of more 

than 1.00 dioptre in any meridian), history of glaucoma, diabetic retinopathy, central 

serous chorioretinopathy, polypoidal choroidal vasculopathy, pachychoroid 

neovasculopathy, retinal angiomatous proliferation, uveitis or any other intraocular 

inflammation, and any intraocular surgery with the exception of uncomplicated cataract 

extraction. 

 

2.2  Imaging acquisition 

 

 In all cases, EDI, multicolour, infrared and fundus autofluorescence (FAF) images 

were obtained with the Spectralis HRA-OCT (Heidelberg Engineering GmbH, Heidelberg, 

Germany) and reviewed with the Heidelberg Eye Explorer (V.1.8.6.0) using the 

HRA/Spectralis Viewing Module (V.5.8.3.0). To be used for our measurements, 

choriocapillaris, Sattler’s and Haller’s layers, as well as the choroid–scleral junction had 

to be clearly identifiable from the EDI OCT images (figure 21 A,B). 
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2.3 Grading technique 

 

NNV AMD eyes were classified into four subgroups according to the Beckman 

Initiative for Macular Research AMD Classification Committee Meeting:  

 

1. Normal ageing changes: eyes with small drusen <61 mm (NNV AMD group 1, 

Figure 22). 

 

Figure 22 

 

 

 

 

 

 

50µm 



 

 47 

2. Early AMD: eyes with medium drusen between 63 and 125 μm without pigmentary 

abnormalities (NNV AMD group 2, Figure 23).  

 

Figure 23 

 

 

 

 

 

 

 

 

 

 

 

 

81µm 
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3. Intermediate AMD: eyes with large (>125µm) or medium drusen associated with 

pigmentary abnormalities (NNV AMD group 3, Figure 24).  

 

Figure 24 

 

 

 

 

 

 

 

 

 

 

 

 

 

187µm 
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4. Late AMD: eyes with geographic atrophy (NNV AMD group 4, figure 25).  

 

Figure 25 
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In all cases, grading was conducted by three independent evaluators (Andrea 

Govetto, Marta Suarez de Figueroa and Luisa Pierro) using multicolor, infrared and FAF 

images (figure 26).  

The diagnosis of geographic atrophy in multicolor images required the presence within 

the temporal vascular arcades of at least one patch ≥250 μm of depigmentation with clear 

borders, partially or completely involving the fovea (figure 26).  

On FAF, geographic atrophy was recognized as well demarcated hypoautofluorescent 

areas corresponding to retinal pigment epithelium defects (figure 26). 

 

Figure 26 

 

 

Multimodal imaging of geographic atrophy. A. Multicolor picture. Geographic atrophy is seen 

as multiple patches of depigmentation involving the fovea. B. Red free picture. Geographic 

atrophy patches are lighter if compared to areas without RPE atrophy. C. Autofluorescence. 

Autofluorescence is the gold standard technique to visualize geographic atrophy and its 

progression. Confluent, well demarcated and hypoautofluorescent patches of RPE atrophy are 

visible over the posterior pole.  
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2.4 Choroidal thickness assessment 

 

 CT and retinal thickness (RT) measurements were manually performed by two 

authors (Andrea Govetto and Luisa Pierro) with the ‘caliper’ function of the Heidelberg 

Eye Explorer, and revised by at least two independent investigators (Jean Pierre 

Hubschman, Marta Suarez de Figueroa, David Sarraf and Francesco Bandello).  

In all cases, a single high-definition horizontal line centred in the fovea was used 

for CT and RT assessment. Both CT and RT were measured at the subfoveal region and 

at 500, 1000 and 1500 µm nasal and temporal to the fovea, as shown in figure 27.  

All CT and RT measurements were performed at the last follow-up visit. Mean CT 

was calculated by arithmetic mean of CT measured at each of the seven locations. 
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2.5 Statistical analysis 

 

All the analyses were carried out using the SPSS V.15.0 and R package mgcv (R 

Development Core Team, available on line at http://www.r-project.org).  

Descriptive statistics were first calculated for all variables of interest. Mean and SD 

values were calculated for continuous variables, while frequency and percentage were 

calculated for categorical variables.  

Parametric and non-parametric test (Kruskal-Wallis, analysis of variance, 

Willcoxon, Student’s t-test for paired samples) were used to compare quantitative 

variables, and χ2 test was used to compare categorical variables. 

 Logistic regression was used to evaluate associations of CT with other variables 

of interest. Spearman’s correlation coefficient was used to assess the correlation between 

CT and RT.  

Differences were reported with 95% Cis, while a p value <0.05 was considered 

statistically significant. 
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3 RESULTS 

 

3.0 Included study population 

 

After a comprehensive chart review, 322 eyes from 161 patients of which 102 (63.35%) 

were female and 59 (36.65%) were male, with a mean age of 80.80±8.45 years (range 

58–99 years), met the inclusion criteria and were enrolled in the study. 

All patients were diagnosed with NNV AMD in one eye and NV AMD in the fellow 

eye. Of the 161 eyes diagnosed with NNV AMD, 19 were classified as NNV AMD group 

1, 33 as NNV AMD group 2, 93 as NNV AMD group 3 and 16 as NNV AMD group 4. 

 

3.1 Best Corrected Visual Acuity 

 

Mean BCVA was significantly higher in NNV AMD eyes compared with NV AMD 

fellow eyes: 0.33±0.49 LogMAR (Snellen equivalent 20/42) and 0.63±0.53 LogMAR 

(Snellen equivalent 20/85), respectively (p<0.0001).  

When NN VAMD was divided into subgroups, BCVA differences remained 

significant for subgroups 1, 2 and 3 (NNV AMD group 1, p=0.001; NNV AMD group 2, 

p=0.0001; NNVAMD group 3, p<0.0001). 
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3.2 Anti-Vascular-Endothelial Growth Factor Injections 

 

Over the follow-up period, NVAMD eyes received a mean of 7.47±7.7 anti-vascular 

endothelial growth factor (VEGF) injections (range 0–38), and logistic regression analysis 

showed no correlation between CT and number of injections (p=0.95). 

NV AMD eyes received the last anti-VEGF injection at a mean of 4.9±3.9 months 

before CT measurement (range 1–12 months). 

 

3.3 Associations of choroidal thickness with age 

 

CT was strongly associated with age (p<0.001) in both the NV AMD and NNV AMD 

groups. Logistic regression analysis showed a linear relationship between age and CT, 

similar in both groups, with an estimate yearly mean decrease in CT of 3.31 mm in 

NVAMD and of 3.93 mm in NNVAMD (Figure 28). 

 

Figure 28: 
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3.4 Choroidal thickness in the study population 

 

Differences in the mean CT between NNVAMD and NVAMD fellow eyes were 

statistically significant (p=0.037, figure 29, A). 

When the CT of NNVAMD and NVAMD fellow eyes was compared in all the 

measured locations, statistical significance was confirmed only in the sub-foveal and 

temporal areas (figure 29, B and table 1), although CT was lower in the NNVAMD group 

versus the NVAMD group at every testing position (table 1).  

 

Figure 29 

 

Choroidal thickness evaluation. A: Difference between mean choroidal thickness in non-

neovascular versus neovascular AMD. Differences are statistically significant. B: Difference 

between choroidal thickness in non neovascular and neovascular AMD at any measured 

location. Differences are statistically significant only in the sub-foveal and temporal areas.  
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Table 1: Choroidal Thickness in Neovascular (n=161) versus Non-Neovascular 

(n=161) fellow eyes 

 

 

p-value: Student t test for paired samples. + Wilcoxon Test. NV AMD: Neovascular Age-Related 

Macular Degeneration. NNV AMD: Non-Neovascular Age Related Macular Degeneration 

 

Eye Location 

Mean CT 

(µm) 
SD (µm) p-value 

NV AMD Sub-Foveal 184,36 89,09 
0,015 

NNV AMD Sub-Foveal 200,69 109,38 

NV AMD 500µm Temporal 184,53 82,39 
0,017 

NNV AMD 500µm Temporal 198,47 98,14 

NV AMD 500µm Nasal 181,24 91,30 
0,330+ 

NNV AMD 500µm Nasal 190,78 99,33 

NV AMD 1000µm Temporal 183,14 77,96 
0,010 

NNV AMD 1000µm Temporal 199,31 91,52 

NV AMD 1000µm Nasal 173,42 90,12 
0,132+ 

NNV AMD 1000µm Nasal 182,45 95,69 

NV AMD 1500µm Temporal 180,09 78,71 
0,023 

NNV AMD 1500µm Temporal 194,47 80,75 

NV AMD 1500µm Nasal 158,78 89,73 
0,067+ 

NNV AMD 1500µm Nasal 168,02 93,68 

NV AMD Mean 177,94 81,20 
0,037+ 

NNV AMD Mean 190,60 91,28 
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Differences in CT between NNV AMD and NV AMD fellow eyes were greater at 

earlier stages of NNV AMD (NNV AMD groups 1 and 2) as presented in figures 30, 31, 

32 and 33. 

 

Figure 30: 

 

 

 

Figure 31:  

 

 

 

 

 

 

Comparison of choroidal 

thickness between NNV 

AMD group 1 (normal aging 

changes) and NV AMD. 

The differences are 

statistically significant at any 

measured locations with the 

exception of those taken at 

500µm nasally and 1500µm 

temporally to the fovea.  

Comparison of choroidal 

thickness between NNV 

AMD group 2 (early AMD) 

and NV AMD. 

The differences are 

statistically significant only 

temporally to the fovea.  
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Figure 32: 

 

 

 

 

 

Figure 33: 

 

 

 

A comparison of CT between the four subgroups of NNV AMD was significant with 

and without age adjustment (table 2). 

Comparison of choroidal 

thickness between NNV 

AMD group 3 (intermediate 

AMD) and NV AMD. 

The differences are not 

statistically significant at any 

measured locations.  

Comparison of choroidal 

thickness between NNV 

AMD group 4 (advanced 

AMD) and NV AMD. 

The differences are not 

statistically significant at any 

measured locations. 

Choroidal thickness is almost 

equivalent in the two groups 
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Table 2: Comparison of Choroidal Thickness between the four subgroups of non-

neovascular age-related macular degeneration: Groups 1 vs 2 vs 3 vs 4 

 

 

*p-value: Anova test, Kruskal-Wallis test. **p-value: Linear logistic regression model 

 

 

Correlations between CT and RT were poor in both NNV and NVAMD, and were 

not significant at any measured location (table 3). 

Finally, in both NV and NNVAMD, no significant association was found between 

CT and variables such as sex and visual acuity. 

 

 

 

 

Location 
Not Age Adjusted Age Adjusted 

p-value* p-value** 

Sub-foveal 0.018 0.026 

500µm Temporal 0.027 0.036 

500µm Nasal 0.026 0.049 

1000µm Temporal 0.06 0.12 

1000µm Nasal 0.007 0.037 

1500µm Temporal 0.044 0.05 

1500µm Nasal 0.006 0.019 
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Table 3: Correlation between choroidal and retinal thickness in both NV and NNV 

AMD 

 

 

r: Spearman’s correlation coefficient  

 

 

 

 

 

 

 

 

 

 

 

 

 

Measurement Location 

 

NV AMD (n=161) 

 

NNV AMD (n=161) 

Sub-Foveal r = -0.15 ( p=0.082 ) r = 0.08 ( p=0.35 ) 

500µm Temporal r = -0.12 ( p=0.15 ) r = -0.033 ( p=0.70 ) 

500µm Nasal r = -0.12 ( p=0.16 ) r = 0.04 ( p= 0.63 ) 

1000µm Temporal r = -0.01 ( p=0.90 ) r = 0.13 ( p= 0.13 ) 

1000µm Nasal r = -0.055 ( p=0.52 ) r = 0.11 ( p=0.20 ) 

1500µm Temporal r = 0.024 ( p= 0.78 ) r = 0.20 ( p = 0.018) 

1500µm Nasal r = 0.14 ( p= 0.092 ) r = 0.27 (p = 0.001) 
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4 DISCUSSION 

 

The role of the choroid may be integral in the development of AMD and other ocular 

diseases, but the study of this important vascular layer of the eye has been challenging 

due to its difficult accessibility.64  

Physiologically, healthy choroid receives about 70% of total eye blood flow, the 

highest rate of blood flow/unit rate in the human body.25 

 Its structure consists of an intricate network of blood vessels and extracellular 

matrix, containing immune system cells, pigment cells, smooth muscle, collagen bundles 

and intrinsic neurons forming the choroidal parasympathetic plexus.26,39 

The functions of the choroid are various: it provides nourishment to the outer layers 

of the retina and of the optic nerve head, it acts as a thermoregulatory tissue, it absorbs 

light radiation to reduce scattering, and plays a major role in bulb length adjustment during 

accommodation.39 

Until recently, our knowledge of the choroid was principally the result of post-

mortem histologic studies and in-vivo procedures such as ultrasound echography and 

fluorescein and indocyanine green angiography.  

The introduction of EDI OCT capability has provided an easier, more accurate and 

non-invasive visualization of the choroid with depth resolution that paved the way for a 

new field of research.1 

 However, choroidal thickness (CT) may be influenced by a broad spectrum of 

factors such as age, axial length, systemic blood pressure, ocular perfusion pressure, 

diurnal fluctuations, smoking, anterior chamber depth, lens thickness, corneal curvature, 



 

 63 

obstructive sleep apnea syndrome, body mass index, use of phosphodiesterase 

inhibitors, and others.12  

Age is the most relevant factor influencing CT. Early histologic studies found 

decreased CT and lower capillary density with age. Ramrattan et al. quantified changes 

in choriocapillary density and in thickness of Bruch's membrane, the choriocapillaris, and 

the choroid in 95 unpaired, histologically normal human maculae aged 6 to 100 years and 

in 25 maculae with advanced age-related macular degeneration. Over ten decades, 

Bruch's membrane thickness increased by 135%, from 2.0 to 4.7 microns; the 

choriocapillary density decreased by 45%; the diameter of the choriocapillaris decreased 

by 34%, from 9.8 to 6.5 microns; and the choroidal thickness decreased by 57%, from 

193.5 to 84 microns in normal maculae.75  

Later, several studies assessed CT with age with EDI-SD OCT. The Beijing Eye 

Study, a large, cross sectional population study in China, found CT to decrease by 4.1 

µm per year of age.12 Wakatsuki et al. reported similar values in their cross-sectional 

study of 115 normal Japanese subjects, and found a global decrease of CT of 2.98µm 

each year of age.60 Another large Chinese population study, the Handan eye study, found 

that age was positively associated with foveal minimum and central macular thicknesses 

(per decade increase in age, beta coefficient 3.660 and 2.324, respectively).76 

The present study confirms the previously published data, and found that age was 

significantly related with thinner CT, with an estimate yearly mean decrease in CT of 3.31 

mm in NVAMD and of 3.93 mm in NNVAMD. 

Axial length is also an important confounding factor when analyzing CT. Flores 

Moreno et al. found CT to decrease by 25.9μm for each additional millimeter of axial 

length, being thinner in eyes with high myopia.4 The Beijing eye study found that in the 
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myopic refractive error range of more than 1 Diopter, sub-foveal CT decreased by 15 µm 

(95% CI, 11.9 –18.5) for every increase in myopic refractive error of 1 Diopter or by 32 

µm (95% CI, 37.1–26.0) for every increase in axial length of 1 mm.12  

While in the present study variations in CT with axial length were not analyzed, we 

included in our analysis only emmetropic patients or patients in the range of ± 3 Diopters, 

and we excluded anysometropic patients. Moreover, we compared both eyes of the same 

patients, using one eye as control of each other. Therefore, the confounding effect of axial 

length on CT in our study was limited.  

Diurnal fluctuations are also an important factor to consider when analyzing CT. In 

a small study analyzing CT in 12 patients, Tan et. al found a statistically significant diurnal 

variation in CT, with mean maximum CT of 372.2 μm, minimum of 340.6 μm, and mean 

diurnal amplitude of 33.7 μm.68 Another in-vivo study by Brown et al. used partial 

coherence interferometry (PCI) to estimate CT and confirmed significant diurnal 

fluctuations.33 Kinoshita et. al suggested that there may be significant diurnal variations 

in the total choroidal area, luminal area but not in the stromal area.77 These findings 

indicate that the diurnal variations in the choroidal area are mainly due to the fluctuations 

in the luminal area. 

In the present study, the confounding effect of diurnal fluctuations was limited, as 

all patients were examined between 9AM and 12PM. 

Other confounding factors such obstructive sleep apnea and use of 

phosphodiesterase inhibitors were not registered in any of the included patients. 

The effect of anterior chamber depth, lens thickness, and corneal curvature was 

limited as these values have shown good levels of symmetry between both eyes of the 

same patient.  
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The present study confirms the correlation between CT and AMD status, and 

showed a significantly thicker choroid in the sub-foveal and temporal regions in non-

neovascular (NNV) AMD eyes when compared to neovascular (NV) AMD fellow eyes.  

While CT was lower in the NNV AMD eyes at all positions tested, the difference 

was not statistically significant nasal to the macula. The choroid is thinnest within the 

nasal macular region in the normal population and it may be more difficult to detect 

significant CT changes in this area due to a statistical “floor” effect.  

Another possible explanation is that in AMD choroidal thinning may not be uniform 

and may vary between distinct choroidal areas within the macular region. Choroidal 

circulation is an end-arterial vascular bed with segmental blood flow and watershed zones 

and therefore, the reaction of the choroid to different pathological mechanisms, including 

ischemia, may differ according to the location relative to the watershed zones.27 

When CT in the four subgroups of NNV AMD was compared using a linear 

regression model adjusted for age, significant differences were identified: a thicker 

choroid was noted at earlier stages of NNV AMD (Groups 1 and 2). These results, similar 

to those presented by Lu et al. and Lee et al., may suggest that the progression of NNV 

AMD may be associated with choroidal thinning.78,79  

This was further corroborated in our study. We performed a comparative analysis 

between CT of NNV AMD eyes versus the fellow NV AMD eyes for each stage of dry 

AMD and showed greater CT differences at earlier stages of NNV AMD (Groups 1 and 

2), as illustrated in figure 34. The results of our study are the first to show a progressive 

reduction in CT difference directly correlated with the stage of NNV AMD using the fellow 

neovascular eye as the control group.    
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Figure 34 

 

Our results differ from those presented by Yiu et al. and Jonas et al., who did not 

find significant differences between eyes with advanced and intermediate AMD versus a 

group of healthy controls without AMD, after age adjustment.22,23 The reasons of such 

discrepancies are uncertain, but probably driven by differences in study design and the 

lack of a fellow-eye analysis, which may have produced higher inter-group variability.  

The majority of our patients with NV AMD received intravitreal anti-VEGF 

treatment, which may cause significant choroidal thinning. Ting et al., in a prospective 
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fellow-eye study with a follow up of 12 months, demonstrated choroidal thinning after 

monthly intravitreal injections of anti-VEGF in NV AMD.80 However, CT has been shown 

to decrease significantly during the first three months of anti-VEGF therapy, and then 

stabilize. In our study CT was measured at a mean of 4.9 ± 3.9 months after the last anti-

VEGF injections and this may have limited the confounding effect of anti-VEGF therapy.  

Systemic absorption of intravitreal anti-VEGF drugs into the bloodstream may 

occur, and may have influenced CT in the untreated fellow eye in our study.  

However, Mazaraki et al. showed no significant CT differences in fellow eyes of 

pretreated NV AMD eyes after intravitreal Anti-VEGF therapy.81  

In the present report, comparative CT analysis between treatment-naïve and anti-

VEGF treated NV AMD eyes was not performed due to the small number of untreated 

eyes.  

Although the effect of Anti-VEGF therapy on CT remains an open issue as 

longitudinal observational studies of untreated active NV AMD are unlikely to be pursued, 

Rishi et al. retrospectively described thinner CT in treatment-naïve NV AMD eyes if 

compared with healthy controls.32 Such results suggest that choroidal thinning in NV AMD 

may occur independently of Anti-VEGF therapy. Moreover, as reported by McDonnell et. 

al, our study estimated a CT decrease rate at each year of age that was almost identical 

in NNV AMD (3.93µm) and NV AMD fellow eyes (3.31 µm), suggesting that anti-VEGF 

therapy did not accelerate CT decline.82  

This study has some important limitations, including its retrospective design and 

the absence of a control group without anti-VEGF treatment. Since anti-VEGF agents 

may alter CT, is it possible that our results may have been biased by this confounding 

factor. Moreover, although a fellow-eye design helps in reducing confounders, previous 
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reports showed significant differences in CT between both eyes of the same patient. For 

example, Ruiz-Medrano et al. reported significant differences in nasal CT between left 

and right eye of healthy subjects.71 Similarly, Chen et al. and Kang et al. described 

discrepancies in sub-foveal CT in normal populations.72,73   

However, even considering these limitations, the results of the present study are 

noteworthy as, to the best of our knowledge, the progressive reduction of CT across all 

stages of NNV AMD, described in our paper, was not previously reported in a fellow-eye 

comparison. These findings suggest a significant correlation between CT and AMD 

status, and remark the integral role of the choroid in the pathogenesis of AMD.      

Future studies will likely rely on a new OCT technology called OCT angiography 

(OCT-A). OCT-A is a next-generation technology that differently to conventional OCT 

allows to quantify non-invasively choroidal blood flow in different choroidal layers (figure 

35).83  

Recent investigations have focused on the composition of choriocapillaris and 

choroid in patients featuring early stages of non-neovascular AMD.84  

Abnormalities in the choriocapillaris or blood flow have been implicated as a 

potential risk factor in the pathogenesis of macular diseases, particularly for AMD, and 

OCT-A imaging will be a powerful diagnostic tool in choroidal assessment. Spaide found 

measureable choriocapillaris flow alterations associated with late AMD in the fellow eye, 

confirming that the choriocapillaris flow may be one factor in the development of late 

AMD.84 

Cicinelli et al. found a reduction that is numerically more significant in the choroidal 

thickness, in the vessel density at the choriocapilalris in non-neovascular AMD, 
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contributing to the body of evidence that the choriocapillaris flow may be one factor in the 

development of late AMD.85  

 

Figure 35:  

Optical Coherence Tomography Angiography in age related macular degeneration. 

A. OCT-A of a choroidal neovascular membrane. Segmentation at the level of the RPE-

Bruch-Chriocapillaris complex. B. En-face imaging of the choroidal neovascular 

membrane. 

 

In conclusion, our study described a significantly thicker choroid in the macula especially 

at the subfoveal and temporal positions in NNV AMD eyes when compared with NV AMD 
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fellow eyes. Furthermore, significant CT differences were shown between subgroups of 

NNV AMD eyes, with a thicker choroid noted at earlier stages of NNV AMD. Our results 

should be interpreted with caution. Further larger, longitudinal studies are necessary to 

reduce the risk of bias and to further elucidate the nature and extent of choroidal thinning 

in NV AMD and its relation r to anti-VEGF therapies. 
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5 CONCLUSIONS 

 

1. In non-neovascular AMD, our study described a significantly thicker macular 

chroroid, if compared to neovascular AMD fellow eyes.  

 

2. Significant choroidal thickness differences were shown between subgroups of non-

noevascular AMD eyes, with a thicker choroid noted at earlier stages of non-

neovascular AMD.   
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