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Incorporating current trials and technology into clinical practice

Is OCT Angiography 
Useful in 
Neurodegenerative 
Diseases?
by Dilraj S. Grewal, MD; and Sharon Fekrat, MD

There is expected to be a considerable increase 
in the incidence of neurodegenerative 
diseases such as mild cognitive impairment 
(MCI), Alzheimer’s disease (AD), and 
Parkinson’s disease (PD). It is estimated 
that one-third of all people born in recent 
years are expected to develop some form 
of dementia in their lifetime.1 Alzheimer’s 
clinical trials thus far have failed to reach 
primary endpoints, and the clinical and 
research community recognizes that a better 
understanding of the pathophysiology and 
treating at earlier stages of these diseases are 
the roads forward for effective therapeutic 
intervention. A robust, relatively low-cost, 
and patient-friendly biomarker for early 
diagnosis of neurodegenerative diseases, 
perhaps even before clinical symptomatology, 
is therefore currently a large unmet need.

AD is characterized by the progressive 
accumulation of extracellular amyloid beta 

(Aβ) plaques and intracellular neurofibrillary tangles in the 
brain as well as altered levels of Aβ and tau in the cerebro-
spinal fluid. The retina is embryologically derived from the 
neural tube and is a uniquely accessible, noninvasive diag-
nostic target for neurodegenerative diseases. This led to con-
siderable worldwide interest on the use of optical coherence 
tomography (OCT) for detection of retinal structural changes 
in AD, where thinning in the retinal nerve fiber layer (RNFL) 
formed by axons of the retinal ganglion cells has been dem-
onstrated both histopathologically2 and on OCT,3 as has cho-
roidal thinning.4 

Herein, we discuss the utility of OCT angiography, which 
has very recently shown promise to detect microvasculature 
changes in the retina in neurodegenerative diseases, as well as 
the current limitations of OCTA technology as a diagnostic tool 
in these diseases.

Using OCTA, Bulut et al. showed that the superficial capil-
lary plexus (SCP) vessel density (VD) was lower in AD compared 
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to controls, and there was an association between the 
Mini Mental State Examination score and both SCP 
VD and foveal avascular zone (FAZ) area.5 Kwapong 
et al. showed similar changes in the early stages of PD 
compared to controls.6 This suggests that retinal cap-
illary impairment may occur early in the PD cascade 
before clinically apparent motor disorders manifest.

Our clinical research team has imaged 70 AD 
eyes, 72 MCI eyes, and 254 control eyes (all aged ≥ 
50 years) and found that subjects with AD had a de-
creased SCP vessel density as well as perfusion den-
sity in the 3 mm area as well as the perifoveal 3 mm 
ring compared to those with MCI and cognitively in-
tact controls (Figures 1 and 2). There was, however, 
no difference in SCP vessel or perfusion density be-
tween patients with MCI and controls.7

There is good evidence from the last 10 years 
that vascular dysfunction in MCI and AD leads to 
cerebral hypoperfusion.8,9 It is also possible that 

some of the observed microvascular changes in the 
inner retina may be due to Aβ accumulation.10-12 In 
fact, genetic biomarker-positive individuals with 
preclinical AD have retinal vascular and archi-
tectural alterations even when cognitively intact. 
With clinical trial emphasis on the evaluation of 
pharmacologics to prevent neuronal loss, it is nec-
essary to be able to noninvasively identify which 
individuals with preclinical AD may benefit from 
intervention. Biomarker testing for asymptomatic, 
preclinical AD is currently invasive and expensive. 
There is now some initial evidence on the poten-
tial ability of OCTA to detect preclinical biomarker 
positive AD. In a series of 14 participants with bio-
markers (PET Scan and/or Aβ 42 protein) positive 
for AD (preclinical AD), but cognitively healthy 
based on neuropsychometric testing, O’Bryhim et 
al. concluded that the FAZ was larger and the inner 
fovea was thinner compared to controls.13,14

Figure 1. 3 mm × 3 mm and 6 mm × 6 mm optical coherence tomography angiography (OCTA) images of the superficial capillary plexus 
in Alzheimer’s disease (AD) (A), Parkinson’s disease (PD) (B), mild cognitive impairment (MCI), (C) and an age-matched control subject 
(D). The color-coded maps (Cirrus Angioplex, Carl Zeiss Meditec, Dublin, CA) represent the vessel density (total length of perfused vas-
culature per unit area) and perfusion density (total area of perfused vasculature per unit area) with the corresponding color-coded scales 
to the left of the image. The age-matched control maps represent normal vessel density and perfusion density values, which are reduced 
to different extents in AD, PD, and MCI. There is also enlargement of the foveal avascular zone in AD, PD, and MCI.



6		  Ophthalmic Surgery, Lasers & Imaging Retina | Healio.com/OSLIRetina 

Practical Retina

Do Changes on OCTA Correlate With Changes in the 
Brain?

Cortical atrophy on magnetic resonance imaging 
(MRI), as a biomarker for neurodegeneration, can be 
assessed by quantifying global cortical atrophy, me-
dial temporal lobe atrophy, and parietal cortical atro-
phy.15,16 Only a few prior studies have evaluated the 
correlation of OCT parameters with brain MRI, such as 
association between macular thickness, ganglion cell 
layer, and RNFL thinning with decreased temporal 
lobe and occipital lobe volumes and parietal cortical 
atrophy.17-19 Using OCTA, we looked at 30 eyes of 16 

patients (six MCI, 10 AD) and found that the infero-
lateral ventricle volume inversely correlated with the 
6-mm circle and 3-mm circle vessel density in the 6 
mm × 6 mm OCTA images. The lateral ventricle and 
hippocampal volumes did not correlate with vessel or 
perfusion density in our patient population. Although 
these are initial results limited by a small sample size, 
they do suggest a relationship between the retinal 
microvasculature as assessed by OCTA and cerebral 
volume. It is, however, still unknown whether retinal 
degeneration occurs after neurodegeneration or is an 
unrelated phenomenon that could either precede or 
occur simultaneously with brain degeneration.

Limitations of Current OCTA Analysis in 
Neurodegenerative Diseases

Several unanswered questions remain before 
OCTA can be routinely used in clinical practice or 
even in clinical trials. Although it may be expected 
that retinal microvascular abnormalities may be 
linked to progression of the neurodegenerative dis-
ease, there is as yet no direct relationship of disease 
duration or severity with retinal microvascular densi-
ties or retinal layer thickness.

Current studies are limited by small sample sizes 
since a significant number of these patients having 
poor-quality scans due to motion artifact and inabil-
ity to fixate. For OCTA to be a useful clinical bio-
marker, image quality must be adequate to accurately 
segment and analyze the retinal microvasculature. 
Obtaining good-quality images is particularly a chal-
lenge in those with severe cognitive impairment due 
to the inability to follow instruction, easy fatigability, 
and poor concentration.

Confounding diseases such as glaucoma and 
age-related macular degeneration (AMD) have to be 
carefully accounted for. For example, glaucoma is 
also a neurodegenerative disease with progressive 
loss of neuronal tissue and results in reduced vessel 
density.20 Macular pathology such as an epiretinal 
membrane or AMD, which are not uncommon in an 
older adult population also impact segmentation of 
the OCTA and, thus, affect vessel and perfusion den-
sity measurements. Another limitation is that current 
studies have excluded patients with known vascular 
diseases, so it is not yet known whether these results 
can translate to patients with concurrent retinal mi-
crovasculature changes from other etiologies such as 
diabetes and hypertension, which are prevalent in 
the aging population at risk of neurodegenerative dis-
eases. The impact of medications such as levodopa 
on OCTA measurements is also yet unknown.

Retinal capillary diameters (5 µm to 10 µm) are 
at the lower limit of the transverse resolution of the 

Figure 2. Combined color-coded retinal nerve fiber layer and gan-
glion cell layer thickness maps (with scale on left) in Alzheimer’s 
disease (AD) (A), Parkinson’s disease (PD) (B), mild cognitive 
impairment (MCI) (C), and an age-matched control (D) showing 
retinal nerve fiber layer and ganglion cell layer thinning to varying 
extents in AD, PD, and MCI compared to an age-matched control 
subject.
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OCT beam, potentially making the vessel density 
changes inaccurate. Another important limitation is 
that the field of view from currently available OCTA 
systems is relatively small, which restricts imaging 
to the posterior pole. There are significant changes 
in the retinal periphery, both in terms of changes in 
retinal blood vessels as measured by the fractal di-
mension as well as presence of peripheral drusen, 
which are beyond the field of view of current OCTA 
systems.21 Koronyo et al. reported that retinal Aβ 
plaque mirrored brain pathology, and retinal deposits 
often occurred in the peripheral retina.10 They dem-
onstrated the ability to image retinal amyloid depos-
its with a modified scanning laser ophthalmoscope 
and were able to construct a retinal amyloid index, 
which was about two-fold higher in patients with AD 
versus controls. In the future, widefield OCTA sys-
tems may allow evaluation of these peripheral areas. 
Eventually, it is important to obtain not only imaging 
but also histopathology from the same regions in both 
the retinal periphery and macula for confirmation of 
retinal biomarkers in AD.12

It is important to recognize that there are certain 
differences in the measurements of vessel density (to-
tal length of perfused vasculature per unit area) and 
perfusion density (total area of perfused vasculature 
per unit area) across different instrument platforms. 
Measurements of vessel density, perfusion density, 
and FAZ dimensions are not interchangeable across 
different OCTA platforms.22 The reproducibility of 
measurements could be lower in eyes with retinal 
microvasculature abnormalities and are also im-
pacted by the OCTA scan size.23,24 Geometric features 
of vessels visible on retinal imaging such as width 
and tortuosity are considered to infer the health of 
the retinal microvasculature. Another approach to 
quantify retinal microvasculature is through fractal 
analysis, a contemporary method of applying non-
traditional mathematics to patterns that defy under-
standing with traditional Euclidean concepts. Jiang et 
al. have reported differences using fractal analysis on 
OCTA superficial and deep capillary plexus between 
patients with AD and control subjects.25

Conclusions

Although current studies do support that retinal 
microvasculature deficits can be recognized early by 
OCTA in persons with AD, MCI, and PD, prospec-
tive, longitudinal studies with larger sample sizes 
are needed to obtain statistically reliable associa-
tions in order to determine the clinical specificity of 
OCTA measures as useful retinal biomarkers for the 
early detection of these neurodegenerative diseases. 
Whether these retinal microvasculature changes are 

progressive over time and whether they have the po-
tential for reversal also remains to be determined.

With advances in OCTA technology, we anticipate 
further advances in the resolution and field of view as 
well as improvement in reproducibility indices that 
are necessary to accurately detect small changes over 
time. There are currently several prospective studies 
underway including at our institution to detect these 
changes over time. OCTA is likely to continue to have 
an increasing role in the diagnosis and monitoring of 
neurodegenerative diseases.

References

	 1.	 Fraser L. Estimation of future cases of dementia from those born in 
2015. http://cdn.dementiablog.org/wp-content/uploads/2015/09/
OHE_Consulting_ARUK_FINAL.pdf. Published July 17, 2015. Ac-
cessed September 23, 2018.

	 2.	 Sadun AA, Bassi CJ. Optic nerve damage in Alzheimer’s disease. Oph-
thalmology. 1990;97(1):9-17.

	 3.	 Knoll B, Simonett J, Volpe NJ, et al. Retinal nerve fiber layer thick-
ness in amnestic mild cognitive impairment: Case-control study and 
meta-analysis. Alzheimers Dement (Amst). 2016;4:85-93.

	 4.	 Bulut M, Yaman A, Erol MK, et al. Choroidal thickness in patients 
with mild cognitive impairment and Alzheimer’s type dementia. J 
Ophthalmol. 2016;2016:7291257.

	 5.	 Bulut M, Kurtulus F, Gozkaya O, et al. Evaluation of optical coher-
ence tomography angiographic findings in Alzheimer’s type dementia. 
Br J Ophthalmol. 2018;102(2):233-237.

	 6.	 Kwapong WR, Ye H, Peng C, et al. Retinal microvascular impairment 
in the early stages of Parkinson’s disease. Invest Ophthalmol Vis Sci. 
2018;59(10):4115-4122.

	 7.	 Yoon S, Grewal D, Polascik B, et al. Comparison of retinal microvas-
culature and neurodegenerative changes among Alzheimer’s disease, 
mild cognitive impairment, and controls. Invest Ophthalmol Vis Sci. 
2018;59(9):2818-2818.

	 8.	 Di Marco LY, Venneri A, Farkas E, Evans PC, Marzo A, Frangi AF. 
Vascular dysfunction in the pathogenesis of Alzheimer’s disease--A 
review of endothelium-mediated mechanisms and ensuing vicious 
circles. Neurobiol Dis. 2015;82:593-606.

	 9.	 Caroli A, Testa C, Geroldi C, et al. Cerebral perfusion correlates of 
conversion to Alzheimer’s disease in amnestic mild cognitive impair-
ment. J Neurol. 2007;254(12):1698-1707.

	10.	 Koronyo Y, Biggs D, Barron E, et al. Retinal amyloid pathology and 
proof-of-concept imaging trial in Alzheimer’s disease. JCI Insight. 
2017;2(16). pii: 93621. doi: 10.1172/jci.insight.93621. eCollection 
2017 Aug 17.

	11.	 Koronyo Y, Salumbides BC, Black KL, Koronyo-Hamaoui M. Al-
zheimer’s disease in the retina: Imaging retinal abeta plaques for 
early diagnosis and therapy assessment. Neurodegener Dis. 2012;10(1-
4):285-293.

	12.	 Koronyo-Hamaoui M, Koronyo Y, Ljubimov AV, et al. Identification 
of amyloid plaques in retinas from Alzheimer’s patients and nonin-
vasive in vivo optical imaging of retinal plaques in a mouse model. 
Neuroimage. 2011;54 Suppl 1:S204-217.

	13.	 O’Bryhim B, Apte RS, Kung N, Coble D, Van Stavern GP. Asso-
ciation of preclinical Alzheimer disease with optical coherence tomo-
graphic angiography findings. JAMA Ophthalmology. 2018.

	14.	 Curcio CA. Viewing retinal vasculature in alzheimer disease. JAMA 
Ophthalmology. 2018;136(11):1242-1248.

	15.	 Song IU, Lee JE, Kwon DY, Park JH, Ma HI. Parkinson’s disease 
might increase the risk of cerebral ischemic lesions. Int J Med Sci. 
2017;14(4):319-322.

	16.	 Kalaria RN. The role of cerebral ischemia in Alzheimer’s disease. Neu-
robiol Aging. 2000;21(2):321-330.

	17.	 Ong YT, Hilal S, Cheung CY, et al. Retinal neurodegeneration on 
optical coherence tomography and cerebral atrophy. Neurosci Lett. 
2015;584:12-16.

breannapolascik
Highlight

breannapolascik
Highlight



8		  Ophthalmic Surgery, Lasers & Imaging Retina | Healio.com/OSLIRetina 

Practical Retina

	18.	 Casaletto KB, Ward ME, Baker NS, et al. Retinal thinning is uniquely 
associated with medial temporal lobe atrophy in neurologically nor-
mal older adults. Neurobiol Aging. 2017;51:141-147.

	19.	 den Haan J, Verbraak FD, Visser PJ, Bouwman FH. Retinal thick-
ness in Alzheimer’s disease: A systematic review and meta-analysis. 
Alzheimers Dement (Amst). 2017;6:162-170.

	20.	 Lommatzsch C, Rothaus K, Koch JM, Heinz C, Grisanti S. OCTA 
vessel density changes in the macular zone in glaucomatous eyes. 
Graefes Arch Clin Exp Ophthalmol. 2018;256(8):1499-1508.

	21.	 Cheung CY, Ong YT, Ikram MK, et al. Microvascular network al-
terations in the retina of patients with Alzheimer’s disease. Alzheimers 
Dement. 2014;10(2):135-142.

	22.	 Munk MR, Giannakaki-Zimmermann H, Berger L, et al. OCT-an-
giography: A qualitative and quantitative comparison of 4 OCT-A 
devices. PLoS One. 2017;12(5):e0177059.

	23.	 Rabiolo A, Gelormini F, Marchese A, et al. Macular perfusion param-
eters in different angiocube sizes: Does the size matter in quantitative 
optical coherence tomography angiography? Invest Ophthalmol Vis 
Sci. 2018;59(1):231-237.

	24.	 Dong J, Jia YD, Wu Q, et al. Interchangeability and reliability of mac-
ular perfusion parameter measurements using optical coherence to-
mography angiography. Br J Ophthalmol. 2017;101(11):1542-1549.

	25.	 Jiang H, Wei Y, Shi Y, et al. Altered macular microvasculature in mild 
cognitive impairment and Alzheimer disease. J Neuroophthalmol. 
2018;38(3):292-298.

Dilraj S. Grewal, MD, can be reached at Duke Eye Center, 2351 Erwin 
Road, Box 3802, Durham, NC 27710; email: dilraj.grewal@duke.edu.

Howard F. Fine, MD, MHSc, can be reached at Rutgers Robert Wood 
Johnson Medical School; New Jersey Retina, 10 Plum Street, Suite 600, New 
Brunswick, NJ 08901; email: hfine@njretina.com.

Sharon Fekrat, MD, can be reached at Duke Eye Center, 2351 Erwin Road, 
Box 3802, Durham, NC 27710; email: sharon.fekrat@duke.edu.

Disclosures: Dr. Grewal has received personal fees from Allergan and 
Alimera outside the submitted work. Dr. Fine is a consultant and/or speaker 
for Alimera, Allergan, Genentech, Regeneron, and Spark Therapeutics and 
has equity/patent interests in Auris Surgical Robotics. Dr. Fekrat reports no 
relevant financial disclosures.
This work was supported in part by funding from the National Institutes of 
Health P30EY005722 to Duke University and the 2018 Unrestricted Grant 
from Research to Prevent Blindness (Duke University).




