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ARTICLE

Detection of structural and electrical disturbances in
macula and optic nerve in Alzheimer’s patients and

their correlation with disease severity
Sagnik Sen 1, Rohit Saxena1, Deepti Vibha2, Manjari Tripathi2, Pradeep Sharma1, Swati

Phuljhele1, Radhika Tandon1, and Pawan Kumar1

1Department of Ophthalmology, AIIMS, New Delhi, India and 2Department of Neurology, AIIMS, New
Delhi, India

ABSTRACT

Aim: To evaluate and compare structural and functional changes in macula and optic nerve in Alzheimer
disease (AD) patients and healthy subjects.
Methods: Both eyes of 20 AD patients and 40 age-matched healthy controls were evaluated. All subjects were
evaluated by cognitive testing and comprehensive ophthalmological examination, including visual acuity,
visual fields, color vision, contrast sensitivity, anterior, and posterior segment examination, optical coherence
tomography, multifocal electroretinography (mfERG), and pattern-reversal visual evoked potential (pVEP).
Results: AD patients showed significantly reduced contrast sensitivity, thinner nerve fiber layer, ganglion cell
layer andmacular volume. Multifocal ERG wave amplitudes were significantly reduced with delayed implicit
times, which correlated significantly with the inner retinal layer thinning and poorer disease severity scores.
The correlation with structural changes and disease severity was highest for pVEP, which showed significant
derangement in AD patients.
Conclusion: Subclinical visual dysfunction may be present in AD patients, which may be detected as inner
retinal thinning. A probable photoreceptor abnormality may also form a part of the AD disease process.

Keywords: Alzheimer’s, RNFL, GCL, OCT, mfERG

INTRODUCTION

Alzheimer’s disease (AD) is the most common form of
dementia in the world with an incidence of 15.54 per
100 person-years (95% CI: 14.6–16.5) in age more than
65 years.1 The morbidity associated with AD is due to
the loss of activities of daily living and a reduced life
expectancy. At present, diagnosis of AD is restricted
to clinical evaluation with history and neurological
examination using cognitive screening and diagnostic
tests like National Institute of Neurological and
Communication Disorders and Stroke-Alzheimer’s
disease and Related Disorders association (NINCDS-
ADRDA) criteria, Mini-mental state examination scor-
ing (MMSE), Cognitive Dementia Rating (CDR) scale,
etc., followed by structural and functional brain
imaging.2 Recent AD research has focused on the

detection of downstream neuronal injury that reflects
complex patterns of tissue changes through imaging.
A number of studies have evaluated spectral-domain
optical coherence tomography (OCT) of retina and
optic nerve and found characteristic changes in AD
patients involving the degeneration of the retinal
nerve fiber layer (RNFL) and the retinal ganglion
cell layer (RGC).3–6 Moreover, electrophysiological
dysfunction in the retina has been observed in AD
using pattern electroretinogram (pERG) and pattern
visual evoked potential (pVEP). pVEP and pERG
abnormalities may correspond to the affection of
RGCs in the inner retinal layers. Another significant
question in this regard arises whether the outer retina
also gets affected in AD patients. We designed the
study in order to evaluate the posterior segment of
the eye including the macula and try and find
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a correlation between the structural retinal disease
process and the electrical changes in the macula.

METHODS

Study Groups

The study was conducted at a tertiary care center after
obtaining approval from the Institutional Ethics
Review Board. The study adhered to the tenets of the
Declaration of Helsinki and informed consent was
taken from all subjects. Each patient needed to have
an informant or caregiver. Primary caregivers were
considered as surrogate decision-makers and informed
consent was obtained from them in case the patient
was extremely incapacitated to give consent. A total of
60 subjects (20 AD patients, 40 healthy controls) were
included after obtaining written informed consent, the
inclusion criteria being age more than 40 years and
visual acuity better than 6/9. Sample size was calcu-
lated to evaluate a change of 10 μm change of retinal
nerve fiber layer thickness from a previous paper eval-
uating OCT changes in AD.7 AD patients were diag-
nosed using the National Institute of Neurological and
Communicative Disorders and Stroke andAlzheimer’s
disease and Related Disorders Association (NINCDS-
ADRDA) criteria after consultation with two experi-
enced neurologists. The subjects having other known
cerebral pathology, cardiovascular diseases, psychia-
tric abnormalities, glaucoma/ocular hypertension,
macular degeneration, high refractive error of +- 5D
and media opacities were excluded. In addition, sub-
jects with head or neck injuries unable to maintain
retinal fixation on a specified target were excluded.
Disease duration was recorded based on patient and
informant’s memory of onset of symptoms. Controls
comprised of cognitively normal elderly subjects
(screened via MMSE score in the Neurology depart-
ment), age matched within ± 2 years of the AD cases,
taken from the outpatient department, without any
ophthalmic diseases, neurodegenerative diseases, or
cardiovascular risk factors.

Cognitive Scoring

Initial screening using the MMSE score was per-
formed for all subjects (cases and controls) by two
Neurologists. Detailed evaluation of cognition of
the AD cases using Global Deterioration Scale and
Washington University Clinical Dementia Rating
(CDR) scale was performed by two neurologists.8,9

The patients were rated in each domain according
to their cognitive functionality and the final score
was determined based on an algorithm of clinical
scoring rules after incorporating information from

both the patient and the informant. The sum of
boxes score of CDR (CDR-SOB) was also calculated
for each patient.

Ophthalmic Evaluation

All subjects underwent comprehensive ophthalmolo-
gical evaluation for each eye separately including
best-corrected visual acuity (BCVA) measured using
ETDRS charts, colour vision using Ishihara pseudo-
isochromatic test plates, contrast sensitivity using
Pelli-Robson chart and anterior and posterior seg-
ment examination. The subjects were required to
take adequate sleep the night before ocular investiga-
tions to ensure compliance. All subjects were evalu-
ated using a spectral-domain optical coherence
tomography (OCT) device (Cirrus HD-OCT Model
4000, Carl Zeiss Meditec Inc., Dublin, CA).
Analyzed features included retinal nerve fiber layer
(RNFL) thickness in the 200 × 200 scan and ganglion
cell layer (GCL) thickness and macular volume (MV)
in the 512 × 128 scan. All scans deemed suitable for
gradation in the study had a signal strength of at
least 5 and re-scanning was performed if any motion
artefact was detected. MfERG was performed accord-
ing to ISCEV standards using a 61-scaled hexagon
display (Metrovision, Monpack, Pirenchies, France)
with a mean luminance of 100 cd/m2 and a contrast
of >90%.10 Disposable monopolar scleral lenses and
skin electrodes were used for mfERG. The display
monitor was placed at a distance of 30 cm before
the patient and one eye was tested at a time.
Stimulus frequency of the hexagon display was kept
at 17 Hz. Video monitoring based on a near infra-red
sensor which recorded image of the eye was used for
ensuring and monitoring eye-fixation. Five thousand
responses were recorded over a period of 5 min for
each eye. First-order kernel mfERG responses were
documented for further analysis. Pattern-reversal
VEP was also performed according to ISCEV stan-
dards using a single recording channel with
a midline occipital positive electrode.11 This active
skin electrode was placed at the Oz position, the
highest point of the occiput, with reference and
ground electrodes at Fz and Cz (vertex) points,
respectively. Recording was performed using the
Nicolet Ganzfeld 2015 visual stimulator and
a monitor (Nicolet Biomedical, Madison, WI).
A checkerboard pattern (reversal time of 500 ms)
was used with a field size of >150 and mean lumi-
nance of 50 cd/m2, kept at a distance of 100 cm from
the subjects’ eye. The monitor presented black and
white checks, whose phases were reversed, i.e., black
to white and white to black, at a fixed rate of two
reversal per second. Each eye was tested separately.
A sweep length of 250 ms was used which recorded
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more than 100 responses, at an amplification range of
20000 to 100000. Electrode impedance was kept less
than 5 KΩ. Visual fields were recorded using auto-
mated Visual Field Analyser 750i (Carl Zeiss
Meditec, Dublin, CA) with 30–2 SITA Standard
Strategy. Automated static field results were consid-
ered reliable if false-positive and false-negative
responses were lower than 33% and fixation loss
lesser than 20%. MfERG, pattern VEP and fields
were tested with the patient wearing full refractive
correction.

All investigations were done by one Neuro
ophthalmology laboratory personnel. The patient’s
name and identification number only were revealed
to the person and whether the subject was a part of
any study or that he suffered from a particular disease
condition was not revealed to him.

Statistical Analysis

Data were analysed using IBM SPSS Statistics version
21.0 (Armonk, NY). Generalized estimating equations
(GEE) adjusted for age and inter-eye correlation were
used to compare variables between AD patients and
controls. In the GEE model, age was taken as
a between-subject effect and eye of the patient as
a within-subject effect. Disease status (Alzheimer’s or
healthy control) was kept as a dependent variable.
Binary logistic model was used for GEE. The robust
estimator matrix was used with an independent work-
ing correlationmatrix to adjust estimators by number of
non-redundant parameters. Eye (right or left) was con-
sidered a factor and age a covariate in the analysis.
Pearson’s correlation coefficients were used to correlate
variables and determine the strength of such correla-
tions. Receiver operating characteristic (ROC) curves
were obtained to describe the discrimination ability of
parametres by the area under the curves (AUC). Data
was considered statistically significant for a 2-tailed
p value of 0.05. For multiple comparisons within
a given domain, to compare several parameters, mod-
ified p values using Bonferroni correction were used.

RESULTS

Demographics

The study evaluated 120 eyes of 20 cases of clinically
diagnosed AD patients and 40 cognitively healthy
control subjects (Table 1). Table 1 displays the GEE
parameter estimates (p values and 95% confidence
intervals) and the AUC obtained by the ROC curves.
The mean (SD) age of AD patients was 61.5 (7.45)
years (range, 45–78 years), that of controls being
60.94 (7.6) years (range, 44–72 years) (p = .79).

The median MMSE score was 17.5 (range, 10–23)
in AD patients and 28 (range, 26–29) in controls (Table
2). The median severity of disease (CDR) was 1 (range,
0.5–2) and the median sum-of-boxes CDR score was 5.5,
indicating a mild dementia. The median duration of
disease was 2 years (range, 6 months-3.5 years). The
mean (SD) BCVA was similar in the two groups
(p = .19). Mean contrast sensitivity was significantly
reduced in the AD eyes (p < .05) (Table 1). Static visual
fields were found to be within normal limits in all
patients. The anterior segment, intraocular pressure,
fundus examination, and colour vision were within
normal limits in all subjects.

OCT Measurements

AD patients showed significant average RNFL thin-
ning with individual significant thinning (Table 1) in
superior and inferior quadrants of RNFL (p < .001)
with the largest AUCs being for superior (0.863; 95%
CI: 0.791–0.937) and inferior (0.8; 95% CI: 0.718–0.888)
quadrants. The ratio of nasal to temporal RNFL thick-
ness was higher in AD eyes (p < .001) indicating
thinner papillomacular bundle. AD eyes showed sig-
nificant average GCL thickness reduction compared
to controls; individually in superior, superonasal,
inferonasal, inferior, inferotemporal, and superotem-
poral sectors (p < .005) (Table 1). The inferotemporal
quadrant showed the largest AUC (0.887; 95% CI:
0.826–0.948), followed by the superior quadrant
(0.883; 95% CI: 0.812–0.955). AUC of RGCL average
(0.947; 95% CI: 0.909–0.985) was higher than that of
RNFL average (0.892; 95% CI: 0.832–0.953). Also,
macular volume thinning was observed in the AD
patients (p < .001).

Electrophysiological Parameters

A generalized suppression of electrical activity was
observed in mfERG (Table 1). The mfERG anatomical
areas corresponded to the following: ring 1 to fovea,
ring 2 to parafovea, ring 3 to perifovea, ring 4 to near
periphery, and ring 5 to mid-periphery. Mean P1, N1,
and N2 amplitudes were significantly reduced
(p < .001) in AD cases in rings 1–5, while mean P1
implicit times were significantly prolonged (p < .001)
in rings 1–5. N1 and N2 implicit times were longer
in AD group than healthy controls, however, the dif-
ference was not found significant. Pattern –reversal
VEP amplitude was significantly reduced with
latency prolonged significantly in the AD patients
(p < .05). VEP latency was higher than 115 ms in 26/
40 eyes (65%). Ten AD patients (50%) had bilateral
prolongation (20 eyes) of VEP latency while the rest
six patients showed this unilaterally. Analysis of AUC
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of the ROC curves (Table 1) of mfERG and pattern
VEP revealed largest AUC of P100 latency
(AUC = 0.94; 95% CI: 0.897-.982) followed by N1
ring 1 amplitude (AUC = 0.921; 95% CI: 0.859–0.984),
N2 ring 1 amplitude (AUC = 0.901; 95% CI: 0.835–-
0.966) and P1 ring 1 amplitude (AUC = 0.859; 95% CI:
0.775–0.943).

Correlation of Structural and Functional
Parameters with Disease Characteristics

Disease duration significantly correlated with contrast
sensitivity reduction (r = −0.34, p = .042) (Table 3).
Contrast sensitivity reduction was positively corre-
lated with P100 amplitude (r = 0.385, p = .014). No
correlation was found among MMSE scores and OCT
or electrophysiological parametres. However, disease
severity denoted by CDR-SOB was found to have
negative correlation with RNFL average thickness
(r = −0.596, p < .001) and also independently with
RNFL thickness superior quadrant (r = −0.476,
p = 0,002) and inferior quadrant (r = −0.383,
p = .015). CDR-SOB also correlated with P1 average
amplitude (r = −0.41, p = .009) and P100 amplitude
(r = −0.333, p = .036). RNFL average thickness had
positive association with RNFL thickness in superior
quadrant (r = 0.771, p < .001) and RGCL thickness in
superior sector (r = 0.388, p = .013) and infero-nasal
sector (r = 0.322, p = .043).

MfERG and pattern VEP amplitudes were posi-
tively correlated with RNFL average thickness and
negatively correlated with P100 latency (r = −0.4,
p = .011) (Table 4). GCL average thickness was corre-
lated independently with GCL infero-nasal sector
(r = 0.853, p < .001) followed by inferior sector thick-
ness (r = 0.828, p < .001) and with P100 amplitude
(r = 0.331, p = .037). Macular volume was positively
correlated with GCL thickness in infero-temporal sec-
tor (r = 0.331, p = .037). P100 amplitude positively
correlated with mfERG amplitudes.

Agreement between Cognitive Scales Used
(Table 5)

Subgroup analysis was done to compare the discrimi-
nant abilities of the two scoring systems used to cate-
gorize patients into different stages of AD. It was
observed that six patients labelled as mild AD by
CDR were staged as moderate AD by GDS. Only
two eyes were staged as belonging to a severe AD
case, hence they were not included for analysis. The

TABLE 2. Disease characteristics of AD cases (Median).

AD cases (N = 20)

Disease duration (years) 2
Mini Mental State Examination score 17.5
Global Deterioration Scale score 4
Global Cognitive Dementia Rating score 1
Cognitive Dementia Rating Scale Sum-of-boxes score 5.5

TABLE 3. Summary of correlation among disease duration,
MMSE, and CDR scale with the structural and functional
changes detected in eyes of AD cases (N = 40) (aPearson’s
correlation coefficient).

ra P value

Duration Contrast −0.34 .042
RGCL supero-nasal sector −0.367 .028
RGCL average −0.34 .042
P1 amplitude average −0.447 .006
P1/N1 average −0.414 .012

MMSE P1/N1 average −0.572 <.001
CDR sum of boxes RNFL superior quadrant −0.476 .002

RNFL inferior quadrant −0.383 .015
RNFL average −0.596 <.001
P1 amplitude average −0.41 .009
P100 amplitude −0.333 .036

TABLE 4. Correlation between structural and functional
changes detected in inner and outer layers of retina in AD eyes
(N = 40) (aPearson’s correlation coefficient).

ra P value

Contrast sensitivity p100 amplitude 0.385 .014
RNFL average RNFL superior quadrant 0.771 <.001

RNFL inferior 0.682 <.001
RNFL temporal 0.458 .003
RGCL superior sector 0.388 .013
RGCL infero-nasal 0.322 .043
P1 amplitude average 0.454 .003
N1 amplitude average 0.417 .007
N2 amplitude average 0.408 .009
P100 amplitude 0.698 <.001
P100 latency −0.4 .011

RGCL average RGCL superior sector 0.779 <.001
RGCL supero-nasal 0.825 <.001
RGCL infero-nasal 0.853 <.001
RGCL inferior 0.828 <.001
RGCL infero-temporal 0.575 <.001
RGCL supero-temporal 0.621 <.001
P100 amplitude 0.331 .037

Macular volume RGCL inferotemporal 0.331 .037
P100 amplitude RNFL average 0.698 <.001

RGCL average 0.331 .037
RMS average 0.505 .001
P1 amplitude average 0.463 .003
N1 amplitude average 0.495 .001
N2 amplitude average 0.365 .02
N2 time average −0.577 <.001
P100 latency −0.355 .025

P100 latency RNFL superior −0.323 .042
RGCL supero-nasal −0.314 .049
RNFL average −0.4 .011
P1 amplitude −0.349 .027
P100 amplitude −0.355 .025
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two scoring systems were found to have a moderate
agreement (Cohen’s kappa = 0.5778, 95% CI: 0.18 -
0.975) with each other.

DISCUSSION

AD patients in our study demonstrated normal visual
acuity in the presence of significantly reduced contrast
sensitivity. Our study patientswere comparatively in the
milder stages of dementia explaining differing results in
comparison to other reports, which have reported
reduced visual acuity.12 The median scores of CDR and
GDS scales both indicated the presence ofmild dementia
withmoderate concordance between the two scales used.
Although frank visual deficit may occur only in the
advanced stages of the disease, almost 43% of early AD
patientsmay have complex visual symptoms like defects
in contrast sensitivity, right left distinction, visuomotor
skill impairment, prosopagnosia, hallucinations, com-
plex deficits in colour vision, Balint’s syndrome, etc.13

This visual dysfunction was earlier thought to be due to
aberrations in the visual cortex and higher cortical areas;
however, pre-cortical degeneration has also been sug-
gested to be playing a role.2,3,6

Obtaining the ophthalmological tests was a quite chal-
lenging task for the laboratory personnel since AD patients
were often uncooperative and needed to be in a lucid state
to clearly understand and follow commands. Hence, the
caregivers were asked to ensure that all subjects were well
rested after a good night’s sleep before performing the
ophthalmological investigations. All subjects were initially
made comfortable in the presence of the primary caregiver
before performing the tests, and then only testing was
started,withadequate importancegiven to themaintenance
of fixation. The electrophysiology station had a fixation
monitoronscreenwhichwasused toascertainmaintenance
of fixation throughout the duration of the tests.

Structural Changes

We found that RNFL and RGCL thickness were signifi-
cantly reduced in all quadrants. A number of studies
has shown RNFL thinning using both time-domain and
spectral-domain OCT machines with similar

findings.2,3,13 RNFL thinning has been hypothesized to
be due to a degeneration of the GCL axons which may
precede the cognitive impairment in AD.14,15 Advanced
OCT technology allowed us to analyze the GCL sepa-
rately from RNFL and nullified the effect of variability
of RNFL in healthy population, in contrast to previous
literature where the two layers have been studied
together. Till date, few studies have separately analyzed
GCL on OCT and found significantly reduced overall
GCL thickness in AD eyes.16,17

Interestingly, most studies have shown
a significant reduction of RNFL thickness in all quad-
rants of retina, but more predominantly in the super-
ior and inferior quadrants.18,19 In our study, higher
AUCs for RNFL thickness reduction were seen in the
superior and inferior quadrants and AUC of GCL was
maximum in the inferotemporal and superior sectors,
thereby corresponding to the changes in RNFL. Our
observations may have reflected the fact that maxi-
mum number of nerve fibers converge on the optic
disc superiorly and inferiorly and hence, neurodegen-
eration affected them preferentially. These changes
were further reflected in the significant loss of macu-
lar volume in the AD group. In addition, based on the
AUC findings, we infer that GCL may be a better
indicator of disease status than RNFL, which is simi-
lar to one previous OCT-based study.16 GCL thinning
may precede loss of neurons in hippocampus of
human brain, similar to what has been seen in
mouse models of AD.20 However, all of our AD
patients already demonstrated cortical atrophy when
we evaluated them, probably because of which the
global GCL thinning was noted.

Functional Changes

In mfERG, we found significant reduction of P1, N1,
and N2 amplitudes with a significantly higher P1
implicit time in the foveal (central 2°) and parafoveal
(2–15°) regions. One study has reported similar
results previously.21 Detection of mfERG dysfunction
in AD cases was peculiar, and although the exact
cause cannot be pointed out, it may be due to an
underlying outer retinal involvement, probably sec-
ondary to local amyloid deposition.22 This needs to be
investigated further with pattern ERG and targeted
investigations for the detection of local amyloid in the
retina and by correlating them with structural
parameters.

We found a reduced amplitude and prolonged
latency of pattern VEP in AD cases. AD patients
have previously been reported to have an abnormal
flash VEP with prolonged latency of the positive
component.23 But pattern VEP studies have been
equivocal, with varying results.24,25 This change in
pattern VEP may be because of an underlying

TABLE 5. Comparison of AD cases scored according to the
two scales used.

CDR

Mild Moderate Total

GDS Mild 13 0 13
Moderate 3 3 6
Total 26 3 19
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macular dysfunction, as has been proposed
previously.26 pVEP measures the integrity of the
entire visual pathway. Since all of our AD patients
had presence of cortical atrophy, this may also be the
reason for deranged VEPs. We found that AUC of
P100 latency was highest among all the electrophysio-
logical parameters indicating that pattern reversal
VEP may be a better predictor of the electrical distur-
bance in AD. We did not detect any changes in the
visual fields of the patients and the threshold read-
ings were within normal limits.

Correlation between Structural and
Functional Changes

Significant correlation found between contrast sensitiv-
ity reduction and pattern VEP amplitude signifies the
early subclinical electrical disturbance in the neural
system in AD. Disease duration also correlated with
severity of OCT and mfERG changes in AD patients
with patients having longer duration having more
severe affection of the macula. While trying to correlate
the disease severity scores with the ophthalmological
investigations, we could find no correlation of MMSE
with the investigations. Disease severity measured as
CDR-SOB correlated significantly with OCT and elec-
trophysiological derangement, the strongest correlation
being with average RNFL thickness. This again reem-
phasizes the role of OCT in identifying retinal thinning
and indicating a simultaneous analogy to the severity
of the AD disease process also, which is a novel finding
of our study.

We found that structural alterations in inner retinal
layers on OCT were correlated significantly with
foveal electrical dysfunction detected by mfERG.
This structural-functional correlation was manifested
only as a subclinical contrast sensitivity impairment
since the visual acuities were normal for all subjects.
OCT changes also correlated with pattern VEP ampli-
tude and average RNFL thickness. Previously, AD
patients have been shown to have a significant corre-
lation between the VEP latency and disease severity
and VEP amplitude with disease duration.26 Since we
did not perform detailed cognitive and psychophysi-
cal status evaluation of patients, we were not able to
establish the extent of neurological defects present in
the patients, e.g., apraxia or aphasias affecting the
ocular function.

Concept of Retinal Amyloid

Our findings may shed some light on the involvement
of retina in AD. Recently ocular AD has been described,
which involves localized amyloid deposition in the
retina. Previously, histological studies in retina

from AD patients have found a vacuolated and ‘frothy’
appearance of the cytoplasm of degenerated RGCs
instead of characteristic neurofibrillary tangles which
is rather unique to AD.27 Koronyo-Hamaoui et al. first
visualized curcumin bound fluorescent amyloid beta
(Aβ) in the retinas of transgenic mice.28 Such curcumin
binding of Aβ has also been demonstrated in the retina
and brain of AD donors, although this was absent in
healthy controls. Although, Aβ accumulation in photo-
receptor outer segments associated with electrophysio-
logical abnormalities has been seen in few animal
models, photoreceptor death has not been noted in the
progressed stages in another mouse ADmodel.29,30 Few
studies have reportedAβplaques in theGCLwith gang-
lion cell destruction along with electrophysiological
dysfunction.31,32 Recent mice studies also have shown
an association between retinal Aβ burden and inner
retinal function.33,34 It is of importance that the GCL
cell body destruction has been seen to precede the loss
of dendrites in hippocampal pyramidal neurons in
Tg2576 mice with frank pathological changes of AD.20

Non-invasive hyperspectral imaging technology of
retina also suggests that early Aβ deposition-related
retinal dysfunctionmay begin during the asymptomatic
stage of AD.35 In contrast to these findings, absence of
Aβ deposits in retina of confirmed AD patients has also
been reported.36 Recently, demonstration of tau depos-
its in the retina of 301 S human tau mouse line using
in vivo scanning laser ophthalmoscopy, and also in AD
patient retina, has led authors to suggest that hyperpho-
sphorylated tau proteins in retina may also be another
marker for AD.37 Neuroscientists are unclear as to
whether Aβ accumulation facilitates the pathogenicity
of tau in the cortex or tau accumulation precedes diffuse
cortical Aβ deposition.36 To what extent this amyloid is
pathogenetic in the retina or whether it is just an age-
related change is unknown. Moreover, whether
ocular AD is a completely different disease process or
a part of the same spectrum as AD is also not known for
sure. However, ourfindingsmay indicate the possibility
of a primary photoreceptor dysfunction in AD patients
apart from the ganglion cell dysfunction. A pattern
ERG-based evaluation may be more specific towards
the same.

Future Direction

The primary diagnosis of Alzheimer’s disease is
based on NINDS-ADRDA clinical criteria and on
a battery of cognitive tests like the MMSE, CDR,
etc., supplanted by imaging modalities like MRI
and FDG-PET. Efforts have been on for the identi-
fication of biomarkers for preclinical diagnosis of
Alzheimer’s or screening of patients at risk of
Alzheimer’s before definite cerebral atrophy sets
in. The next generation of imaging for AD
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diagnosis is targeted towards detection of amy-
loid/tau in brain and retina before the onset of
full-fledged dementia, based on the observation
that retinal Aβ deposits precede brain Aβ
deposition.38 PET imaging targeted for tau or Aβ
deposition early in the disease, in the inferior tem-
poral cortex has been considered an early AD bio-
marker; however, the invasiveness of this test is
a drawback. In this regard, as a non-invasive
rapid screening or diagnostic tool, ocular examina-
tion is believed to gain an important status in
future. Ganglion cell layer, contrast sensitivity,
and mfERG have the potential to become sensitive
indicators in early disease stages, with a significant
correlation with disease attributes. Reduction of
total brain volume has been found to have
a weak association with GCL thinning; however,
reduction of grey matter volume in occipital and
temporal lobes has been seen to be strongly asso-
ciated with GCL thinning, independent of systemic
vascular risk factors.

Although OCT can assess this small part of the
CNS (viz. retinal layers) with high accuracy, as seen
in our findings, however, it has to be determined if
these patterns are exclusive to AD. Recently, deep-
learning-based tools of artificial intelligence (AI)
have been studied to understand the progression
and referral patterns of retinal diseases using OCT.39

Also, a recurrent neural network-based predictive
model for AD progression has been developed using
the GDS and CDR scales.40 However, they have not
included more accurate diagnostic testing for AD,
e.g., AD biomarkers. In future, such AI models may
be developed, incorporating OCT and electrophysiol-
ogy data along with cognitive classification schemes
to accurately predict the progression from cognitively
normal to dementia stage.

The limitation of this study was that we did not
evaluate mild cognitive impairment cases and hence
could not record the natural history of structural
and electrophysiological changes, because of design
limitations. Pattern electroretinogram is a more use-
ful test for targetedly ascertaining ganglion cell dys-
function and this may be analysed in AD patients in
a future study. We also lacked in the number of
patients with severe AD who could cooperate for
the study. The repeatability and consistency of the
tests need to be ascertained by conducting large-
scale population-based studies to minimise chances
of false positives. Moreover, we did not use any
targeted investigation to detect pathology in the
photoreceptor layer of the macula which may have
given rise to the electrical changes that we detected.
Few studies believe that these changes are because
of local Aβ deposition, but whether this is a part of
the overall AD pathogenesis is not clear. Larger
studies utilising markers for such deposits and

correlating their presence with cognitive status of
patients may give us some answers.

Conclusion

Detection of inner retinal thinning, especially GCL thin-
ning, along with pre-determined cut-offs by OCT may
help improve the diagnostic accuracy of AD in the ear-
liest stages, as observed by the correlation between
these parameters and electrophysiological disturbances
and disease severity, whereas neuroimaging modalities
can only pick up changes in the central nervous system
with established atrophy.
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