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Abstract

Background To evaluate and compare the

ability of two Fourier-domain optical

coherence tomography (OCT) devices to

detect retinal and retinal nerve fibre layer

(RNFL) atrophy in patients with Alzheimer’s

disease (AD) compared with healthy

subjects; to test the intra-session reliability of

two OCT devices in AD patients and healthy

subjects.

Methods AD patients (n¼ 75) and age-

matched healthy subjects (n¼ 75) underwent

three Macular Cube 200� 200 protocols using

the Cirrus and Spectralis OCT devices and

three 3601 circular scans centred on the optic

disc using the Cirrus OCT device, the classic

glaucoma application, and the new Nsite

Axonal Analytics application of the

Spectralis OCT instrument. Differences

between healthy and AD eyes were

compared, and measurements provided by

each OCT protocol were compared.

Reliability was measured using intraclass

correlation coefficients and coefficients of

variation. Correlations between OCT

measurements and disease duration and

severity were also analysed.

Results Retinal thinning was observed in

AD eyes in all areas except the fovea using

both OCT devices. RNFL atrophy was

detected in AD eyes with all three protocols,

but the Nsite Axonal application was the

most sensitive. Measurements by the two

OCT devices were correlated, but differed

significantly. Reliability was good using all

protocols, but better with the glaucoma

application of Spectralis. Mean RNFL

thickness provided by the Nsite Axonal

application correlated with disease duration.

Conclusions Fourier-domain OCT is a valid

and reliable technique for detecting

subclinical RNFL and retinal atrophy in AD,

especially using the Nsite Axonal

application. RNFL thickness decreased with

disease duration.
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Introduction

Alzheimer’s disease (AD) is a common cause of

dementia in the elderly. The worldwide

prevalence, estimated to be 35.6 million in 2010,

is expected to double every 20 years, increasing

to 115.4 million in 2050. AD is typically

characterized by a progressive loss of memory

and other cognitive functions and has a

substantial impact on the patient, as well as the

patient’s family and society.1 AD affects both

behaviour and functional ability and is a

leading cause of disability in older people living

in developed countries.2 Biomarkers and tools

are needed to detect the disease in early phases,

especially in high-risk families, and to monitor

disease progression.

Visual impairment is often one of the earliest

complaints of patients with AD.3 Although the

symptoms of AD have historically been

attributed to cerebral cortex damage,4,5 recent

studies have revealed degenerative changes in

optic nerve fibres, causing retinal nerve fibre

layer (RNFL) thinning in AD patients6,7 with

mild cognitive impairment.8 The RNFL

1Department of
Ophthalmology, Miguel
Servet University Hospital,
Zaragoza, Spain

2Aragones Institute of Health
Sciences, Zaragoza, Spain

Correspondence:
E Garcia-Martin,
Department of
Ophthalmology, Miguel
Servet University Hospital,
C/Padre Arrupe. Consultas
Externas de Oftalmologı́a
50009, Zaragoza, Spain
Tel: +34 976 76 5558;
Fax: +34 976 566234.
E-mail: egmvivax@
yahoo.com

Received: 17 November
2013
Accepted in revised form:
30 January 2014
Published online:
14 March 2014

C
L
IN
IC
A
L
S
T
U
D
Y

Eye (2014) 28, 680–690
& 2014 Macmillan Publishers Limited All rights reserved 0950-222X/14

www.nature.com/eye

http://dx.doi.org/10.1038/eye.2014.51
mailto:egmvivax@yahoo.com
mailto:egmvivax@yahoo.com
http://www.nature.com/eye


comprises axons originating in retinal ganglion cells and

can be measured using ocular imaging technologies such

as optical coherence tomography (OCT),9 which provide

non-invasive, rapid, objective, and reliable measure-

ments. Numerous studies have analysed the ability of

OCT to detect RNFL thickness abnormalities and

changes in the macula of patients with neuro-

degenerative diseases.10,11 Retrograde loss of nerve fibres

in the retina and optic nerve may be an early biomarker

of neurodegeneration in AD, even before hippocampal

damage, which leads to memory impairment.12

Recent studies have revealed the value of RNFL and

macular measurements provided by OCT for detecting

neurodegenerative disease progression and facilitating

the diagnosis of diseases such as multiple sclerosis10,13,14

and Parkinson’s disease.15,16 Therefore, in the present

study we evaluated the reliability of retinal and RNFL

applications of the two most commonly available FD-

OCT devices, the Cirrus (Carl Zeiss Meditec Inc., Dublin,

CA, USA) and Spectralis (Heidelberg Engineering, Inc.,

Heidelberg, Germany), for detecting retinal thinning and

RNFL atrophy in patients with AD. We compared the

measurements obtained using each device as well as the

new software for neuro-ophthalmology evaluations of

the Spectralis OCT (Nsite Axonal Analytics) and the

classic software (glaucoma application). In addition, we

analysed the correlations between retinal and RNFL

measurements, and disease duration and severity

measured with the Mini Mental State Examination

(MMSE) for individuals with dementia.

Materials and methods

Seventy-five patients with AD and 75 sex- and

age-matched healthy subjects were included in this

cross-sectional study and underwent neuro-

ophthalmologic and neurologic examinations.

Diagnosis of AD was determined by neurologists

according to the National Institute of Neurologic and

Communicative Disorders and Stroke-Alzheimer’s

Disease and Related Disorders Association17 and the

Diagnostic and Statistical Manual of Mental Disorders

(DSM IV) criteria.18 Patients with severe dementia were

not included because of the inability to complete an

ophthalmologic examination and to provide reliable

test results.

Inclusion criteria were confirmed AD diagnosis; best-

corrected visual acuity (BCVA) of 0.1 or higher (using a

Snellen chart) in each eye to allow for performance of the

protocol; and intraocular pressure less than 21 mm Hg to

exclude the possibility of RNFL thinning due to other

processes, such as open angle chronic glaucoma.19

Exclusion criteria were presence of significant refractive

errors (45 dioptres of spherical equivalent refraction or

3 diopters of astigmatism); systemic conditions that

could affect the visual system; history of ocular trauma or

concomitant ocular diseases, including a previous history

of retinal pathology, glaucoma, or laser therapy; and

ocular pathologies affecting the cornea, lens, retina, or

optic nerve. Healthy controls had no evidence of disease

of any nature, including neurologic disorders. All

procedures adhered to the tenets of the Declaration of

Helsinki, and the experimental protocol was approved

by the local ethics committee. All subjects provided

informed consent to participate in the study and

underwent measurement of disease duration since

diagnosis; MMSE evaluation, pupillary, anterior

segment, and fundoscopic examinations, assessment

of BCVA relative to the Snellen scale, and a visual

field test. Three scan repetitions were performed using

retinal and RNFL analysis protocols of Cirrus and

Spectralis OCT. Each eye was considered separately,

and only one eye of each subject was randomly selected

to be included in the analyses, except when one of the

eyes was excluded.

The visual field was assessed using a Humphrey Field

Analyser (Carl Zeiss Meditec). A Swedish Interactive

Threshold Algorithm Standard strategy (program 30-2)

recorded mean deviation (MD, dB), pattern standard

deviation (PSD), and pattern of defect.

OCT evaluation

The OCT tests measured retinal and peripapillary RNFL

thickness using the Cirrus and Spectralis OCT devices,

which were used in random order to prevent fatigue

bias. All scans were performed by the same experienced

operator. Between scan acquisitions, there was a time

delay, and subject position and focus were randomly

disrupted, meaning that alignment parameters were

newly adjusted at the start of each image acquisition.

No manual correction was applied to the OCT output.

An internal fixation target was used because it provides

the highest reproducibility.9 Images with quality a score

of at least 7 in Cirrus OCT and 25 in Spectralis OCT were

analysed. Three series of good-quality scans were

obtained for each device. Two patients were excluded

because a centred scan could not be acquired due to poor

fixation. Sixteen images with artefacts, missing parts,

or seemingly distorted anatomy were excluded.20

To obtain good quality, centred images, eight eyes were

rescanned using the Cirrus OCT and seven eyes were

rescanned using the Spectralis OCT.

Three repetitions of Cirrus Macular Cube 200� 200

scans were performed in each eye. This protocol provides

thickness measurements for each of the nine subfields

defined by the Early Treatment Diabetic Retinopathy

Study (ETDRS).21 Three concentric circles defined nine
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macular sectors. The mean of all points within the inner

circle (1-mm radius) was defined as the central foveal

subfield thickness. The intermediate (inner) and outer

rings were each subdivided into superior, nasal, inferior,

and temporal areas. The nine areas were analysed using

Cirrus software, version 6.0.

Three optic disc cube 200� 200 scans in each eye were

performed using the Cirrus OCT. Each scan analysed

mean RNFL thickness and quadrant RNFL thickness

(superior, inferior, temporal, and nasal).

All subjects underwent three image acquisition

protocols using the Spectralis OCT (three acquisitions

with the Spectralis Fast Retinal protocol, three with the

RNFL protocol of the classic glaucoma application, and

three with the RNFL-N protocol of Nsite Axonal Analytics

application) with a TruTrack eye-tracking technology.

The mean number of scans to produce each circular B-scan

was nine. The Spectralis Fast Retinal protocol uses an

internal fixation source and centres on the patient’s fovea.

The operator independently monitored the stability of

fixation with the built-in infrared camera. The axial and

transverse resolutions of the images were 7 and 10mm,

respectively. The retinal thickness map analysis protocol

represents the nine subfields as defined by the ETDRS,

similar to the Cirrus OCT.21

Both RNFL protocols of the Spectralis OCT generate a

thickness map with mean thickness, thickness of the four

quadrants (superior, nasal, inferior, and temporal), and

thickness of the six sectors (superonasal, nasal,

inferonasal, inferotemporal, temporal, and

superotemporal in the clockwise direction for the right

eye and counterclockwise for the left eye). Defects in the

RNFL are identified by comparing measurements from

each patient with the normative database of each

instrument. In the Nsite Axonal Analytics system, the

FoDi fovea-to-disc technology correctly orients the

anatomy to insure papillomacular bundle (PMB)

measurement accuracy and minimize variability due to

patient head orientation. The RNFL-N system places the

temporal region of the scan in the centre of the viewing

window for better analysis of axonal loss in the PMB, as

observed in patients with neurologic diseases. The RNFL

thickness graph displays the scan results in the order of

nasal, inferior, temporal, superior, and nasal sectors. This

protocol also provides two new neuro-ophthalmologic

parameters: the PMB thickness and the nasal/temporal

(N/T) ratio. Spectralis software version 5.4b was used.

Neurologic evaluation

The stage and severity of AD were determined by the

MMSE scale. The items of the MMSE include tests of

orientation, registration, recall, calculation, attention,

naming, repetition, comprehension, reading, writing,

and drawing. A score of 30 indicates 100% correct. The

mean score for a community-dwelling population over

65 years old is about 27.22 AD patients lose 3 to 4 points

per year of illness after the onset of memory disturbance,

although there is wide variability.23 The MMSE scale was

performed by one trained neurologist who was blind to

the OCT results. Severity was determined by MMSE

score as mild (18–24), moderate (10–18), or severe (r9).

Disease duration was also recorded, setting the

appearance of the first symptoms as the onset time of the

disease.

Statistical analysis

All variables were recorded in a database created with

File Maker Pro, version 8.5. Statistical analyses were

performed using the Statistical Package for the Social

Sciences (SPSS 20.0, SPSS Inc., Chicago, IL, USA). The

Kolmogorov–Smirnov test was used to assess sample

distribution. Retinal and RNFL thicknesses were

compared between patients and healthy controls using

Student’s t-test. A P-value of less than 0.05 was

considered statistically significant.

For each parameter, the coefficient of variation (COV)

was calculated as the SD divided by the mean of the

measurement value and expressed as a percentage.

Devices with a COV less than 10% are considered highly

reliable, while a COV less than 5% indicates very high

reliability.24 To assess the reliability of the repeated

measurements, the intraclass correlation coefficients for

absolute agreement were calculated. These are used to

measure the concordance for continuous variables and

correct correlations for systematic bias. The intraclass

correlation coefficient interpretations that we used

were ‘slight reliability’ (values between 0 and 0.2),

‘fair reliability’ (values between 0.21 and 0.4),

‘moderate reliability’ (values between 0.41 and 0.6),

‘substantial reliability’ (values between 0.61 and 0.8), and

‘almost perfect reliability’ (values of 0.81 and higher).

Bland–Altman plots were used to assess agreement.

Relationships between measurements obtained using

each OCT protocol in AD patients were evaluated.

Correlation analysis was performed to evaluate the

association between retinal and RNFL thicknesses and

neurologic characteristics (disease duration and severity)

using the Pearson correlation analysis test. Logistical

regression analysis was performed to determine which OCT

measurements provided better sensitivity for detecting

disease severity in AD patients (measured by MMSE).

All subjects provided detailed consent to participate in

this study, which was conducted in accordance with

the guidelines established by the Ethics Committee of the

Miguel Servet Hospital and based on the principles of

the Declaration of Helsinki.

Reliability of OCT in Alzheimer’s disease
V Polo et al

682

Eye



Results

One hundred and fifty eyes were evaluated: 75 eyes

from AD patients and 75 eyes from healthy subjects

(Table 1). Mean age was 74.15±9.15 years in the AD

group and 73.98±9.05 years in the control group.

Epidemiologic and disease characteristics are shown in

Table 1. Age, sex, and intraocular pressure were not

significantly different between AD and healthy groups.

AD duration ranged from 8 months to 7 years with a

median of 3.80 years since diagnosis. Mean MMSE was

15.96±7.3. Thirty patients presented mild cognitive

impairment (40%), 32 patients had moderate score

(42.7%), and 13 patients presented severe affectation

(17.3%).

Visual function parameters, BCVA, mean deviation,

and SD of visual field differed significantly (Po0.001)

between AD patients and healthy controls.

Retinal and RNFL thickness comparisons between AD

and healthy eyes

Both OCT devices revealed a significant reduction in all

retinal ETDRS sectors except for foveal thickness in AD

patients compared with healthy subjects and reduction in

RNFL thickness of AD patients (Table 2, Figure 1). The

three RNFL applications used (optic disc cube 200� 200

scan of the Cirrus OCT, the RNFL protocol of the classic

glaucoma application of the Spectralis OCT, and the

RNFL-N protocol of the Nsite Axonal Analytics

application of the Spectralis OCT) revealed significant

differences in the superior and inferior quadrants.

The Spectralis OCT also revealed significant RNFL

thinning in AD patients in the mean thickness and

thickness of the inferotemporal and inferonasal RNFL

sectors using the glaucoma application, and in the mean

thickness and thickness of the inferotemporal,

inferonasal, and superotemporal RNFL sectors using the

Nsite Axonal Analytics application. The Nsite Axonal

Analytics application also detected significant

papillomacular bundle (PMB) thinning and a

significant increase in the nasal/temporal (N/T)

index (Table 2).

Other structural areas showed a clear tendency

towards thinning in AD patients (Figure 1), but the

differences were not statistically significant (Table 2).

Reliability of Cirrus and Spectralis OCT measurements

in AD and healthy eyes

Retina and RNFL thickness measurements showed good

COV and intraclass correlation coefficients in AD

patients (Table 3).

Measurements of retinal EDTRS sectors in AD

patients were highly reliable using the Cirrus OCT,

with a mean COV of 5.33±1.7% (range, 2.50–6.23) and

an intraclass correlation coefficient higher than 0.897.

There was very high reliability using the Spectralis OCT,

with a mean COV of 4.78±1.6% (range, 2.15–5.69) and

an intraclass correlation coefficient higher than 0.905.

The foveal thickness value had the lowest variability using

either OCT device. Figure 2a shows Bland–Altman plots of

fovea thickness reliability between different measurements

using the Cirrus OCT and the Spectralis OCT.

RNFL measurements performed using the glaucoma

application of the Spectralis OCT were the most reliable

for all the quadrants and sectors in AD and healthy

subjects. The mean COV using this application in AD

patients was 2.71±1.5% (range, 2.02–3.23), and the

intraclass correlation coefficients were higher than 0.969.

The results obtained using the Nsite Axonal Analytics

application of the Spectralis OCT and the Cirrus OCT

were also highly reliable, but less so than the glaucoma

application. The mean COV value in the AD group was

5.96±2.3% (range, 2.21–7.30) with the Nsite Axonal

Analytics application of the Spectralis OCT and

4.04±2.1% (range, 2.42–5.21) with the Cirrus OCT.

The RNFL parameter with the lowest variability was

Table 1 Epidemiologic and disease characteristics of 70 patients with Alzheimer’s disease and 70 healthy subjects, and statistical
significance (P)

Alzheimer’s disease eyes Healthy eyes P-value

Number (n) 70 70 �
Age (years) (range) 74.15 (65–90) 73.98 (65-90) 0.602
Male:female (% women) 30:40 (57.1%) 30:40 (57.1%) 0.889
Intraocular pressure 14.06 (2.2) 14.31 (1.9) 0.305
BCVA (Snellen scale) (mean (SD)) 0.71 (0.2) 0.94 (0.1) o0.001
MD visual field (dB) (mean (SD)) � 6.31 (3.9) � 0.6 (1.6) o0.001
PSD visual field (dB) (mean (SD)) 4.5 (2.2) 2.0 (0.2) o0.001
Disease duration (years) (mean (SD)) 3.80 (1.9) � �
MMSE score (mean (range)) 15.96 (2–28) � �

Abbreviations: BCVA, best-corrected visual acuity; MMSE, Mini Mental State Examination; MSD, mean deviation of visual field; n, number of eyes;

PSD, pattern standard deviation of visual field.
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mean thickness using the three protocols in the study.

Figure 2b shows Bland–Altman plots of RNFL mean

thickness reliability between different measurements

using the Cirrus OCT, the glaucoma application of the

Spectralis OCT, and the Nsite Axonal Analytics

application of the Spectralis OCT.

Table 2 Mean and SD of retinal and RNFL measurements of Alzheimer’s disease patients and healthy subjects using Cirrus and
Spectralis OCT, and statistical significance (P)

Alzheimer patients Healthy subjects P-value

Retinal measurements with Cirrus OCT
Fovea 258.96 (25.8) 260.41 (22.5) 0.115
Superior inner 311.58 (24.7) 324.00 (19.8) o0.001
Nasal inner 314.21 (21.5) 320.58 (16.9) 0.004
Inferior inner 309.52 (24.9) 322.45 (20.3) o0.001
Temporal inner 304.11 (22.7) 313.67 (21.5) 0.009
Superior outer 269.74 (27.4) 283.11 (19.6) 0.003

Nasal outer 288.88 (20.7) 297.95 (17.9) o0.001
Inferior outer 263.77 (23.4) 274.21 (20.6) 0.016
Temporal outer 256.79 (23.6) 267.01(21.1) 0.001

Retinal measurements with Spectralis OCT
Fovea 278.89 (25.8) 280.25 (18.2) 0.096
Superior inner 330.22 (17.6) 344.59 (13.8) o0.001
Nasal inner 342.50 (17.8) 346.98 (15.1) 0.005
Inferior inner 325.69 (20.5) 343.41 (13.6) o0.001
Temporal inner 322.54 (17.5) 334.69 (14.8) 0.001
Superior outer 290.33 (19.6) 301.25 (10.0) o0.001
Nasal outer 298.97 (20.1) 314.89 (13.5) 0.002
Inferior outer 276.08 (21.5) 293.33 (19.7) o0.001
Temporal outer 272.88 (21.9) 286.55 (14.8) 0.009

RNFL measurements with Cirrus OCT
Mean thickness 97.40 (11.2) 99.21 (9.9) 0.106
Superior thickness 113.59 (14.5) 118.58 (10.8) 0.006
Nasal thickness 71.61 (15.0) 72.12 (14.5) 0.425
Inferior thickness 121.96 (16.9) 127.97 (15.9) 0.018
Temporal thickness 65.00 (10.2) 66.96 (9.2) 0.096
Macular volume (mm3) 9.75 (0.83) 9.95 (0.71) 0.111

RNFL measurements with Glaucoma application of Spectralis OCT
Mean thickness 98.11 (10.7) 101.57 (9.5) 0.021
Superior thickness 119.96 (13.5) 124.87 (11.8) 0.001
Inferior thickness 126.33 (14.6) 133.86 (14.2) 0.002
Superonasal thickness 102.25 (16.9) 105.78 (16.9) 0.201
Nasal thickness 77.88 (19.8) 79.01 (15.7) 0.109
Inferonasal thickness 112.95 (15.1) 113.78 (14.4) 0.034
Inferotemporal thickness 148.69 (14.9) 157.00 (15.6) 0.004
Temporal thickness 75.44 (11.9) 76.39 (17.1) 0.435
Superotemporal thickness 136.60 (17.6) 143.67 (15.1) 0.156

RNFL measurements with Axonal Nsite application of Spectralis OCT
Mean thickness 98.50 (12.4) 99.61 (9.0) 0.034
Superior thickness 117.10 (10.6) 122.41 (9.1) o0.001
Inferior thickness 124.45 (15.1) 129.69 (13.8) o0.001
Superonasal thickness 103.77 (15.6) 104.42 (13.6) 0.059
Nasal thickness 70.09 (11.5) 70.89 (9.8) 0.097
Inferonasal thickness 102.54 (10.6) 108.11 (9.2) 0.025
Inferotemporal thickness 142.36 (16.6) 148.54 (11.3) 0.043
Temporal thickness 71.25 (14.6) 72.00 (14.7) 0.088
Superotemporal thickness 141.11 (18.7) 150.11 (15.8) 0.028
PMB sector 51.58 (14.6) 56.79 (10.0) 0.012
N/T index 1.10 (0.4) 1.01 (0.3) 0.040

Abbreviations: N/T, nasal/temporal index; OCT, optical coherence tomography; PMB, papillomacular bundle; RNFL, retinal nerve fibre layer.

Measurements are in microns (mm).

Significant differences are shown in bold italic font.
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Across all parameters, there was less variability in

healthy eyes than in AD eyes (Table 3).

Correlation analysis and logistic regression between

OCT and neurologic measurements

Retinal measurements obtained with the Cirrus and

Spectralis OCT devices were significantly correlated

(r¼ 0.800, P¼ 0.005, fovea thickness), but differed

significantly (Po0.001, foveal thickness).

RNFL Cirrus OCT measurements significantly

correlated with the RNFL measurements provided by

the glaucoma application of the Spectralis OCT

(r¼ 0.818, Po0.001, RNFL mean thickness) and by the

Nsite Axonal Analytics application of the Spectralis

OCT(r¼ 0.799; Po0.001, RNFL mean thickness).

Spectralis OCT

Cirrus OCT Cirrus OCT

RETINAL THICKNESS MEASUREMENTS
RETINAL NERVE FIBER LAYER
THICKNESS MEASUREMENTS

Glaucoma application Spectralis OCT

Nsite Axonal application Spectralis OCT
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Figure 1 Box plots comparing optical coherence tomography (OCT) results in eyes from Alzheimer’s disease patients (n¼ 75) and healthy
subjects (n¼ 75). (a) Retinal measurements using the Cirrus optical coherence tomography (OCT) device (top) and the Spectralis OCT device
(bottom). (b) Retinal nerve fibre layer (RNFL) measurements using the Cirrus OCT device (top), the RNFL glaucoma analytic application of
the Spectralis OCT device (middle), and the Nsite RNFL (RNFL-N) Axonal Analytic application of the Spectralis OCT device (bottom).
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Correlations between the two Spectralis applications

were good (r¼ 0.869; Po0.001, RNFL mean thickness).

Mean RNFL thickness values obtained with the three

OCT protocols, however, differed significantly (analysis

of variance, P¼ 0.027).

Retinal and RNFL mean thickness, provided by the

three protocols, did not significantly correlate with

MMSE score. RNFL mean thickness correlated with

disease duration using the glaucoma application of the

Spectralis OCT (r¼ 0.551, P¼ 0.043). RNFL mean and

superior thicknesses showed significant reduction in

patients with severe cognitive impairment (MMSEr9)

compared with mild severity patients (MMSE between

19 and 24 points).

Logistic regression analysis demonstrated that the only

OCT parameter that predicts severity in AD patients

(reduction in MMSE) is the RNFL mean thickness

provided by the glaucoma application of the Spectralis

OCT.

Discussion

The Spectralis OCT is more reliable and more readily

detects retinal pathologies than the Cirrus OCT.24,25

Various reports on Fourier-domain (FD) OCT in

healthy and pathologic subjects have been

published,11,23,25 but no studies have evaluated the

reliability of FD-OCT measurements on eyes from

AD patients or measurements provided by different

FD-OCT devices.

We evaluated the ability of the new Nsite Axonal

Analytics application of the Spectralis OCT to detect

RNFL changes in healthy and AD eyes. We also

compared measurements from the Nsite Axonal

Analytics application of the Spectralis OCT with those

from the glaucoma application of the Spectralis OCT, and

with the Cirrus OCT. Our findings indicate that the new

FD-OCT technology, which includes the Cirrus and

Spectralis OCT devices, can detect axonal defects in AD

patients, and the Nsite Axonal application of the

Spectralis OCT provides the most sensitive measure for

detecting subclinical RNFL atrophy in AD.26

RNFL thickness in patients with AD compared with

healthy subjects using time domain OCT reveals

significant thinning in the superior and inferior RNFL

quadrants in AD patients,6,8 similar to our results. These

findings demonstrated that AD progression is associated

with optic nerve degeneration, but we also demonstrated

retinal thinning in AD patients. Although Iseri et al7

reported a reduction in macular volume in AD patients

that correlated with the severity of the disease, no

previous studies have evaluated all ETDRS sectors using

FD-OCT devices.

Table 3 Coefficients of variation and intraclass coefficients for
repeated retinal and retinal nerve fibre layer thickness measure-
ments in Alzheimer’s disease patients and healthy controls

Alzheimer’s disease eyes Healthy eyes

COV ICC COV ICC

Macular protocol of Cirrus OCT
Fovea 2.50 0.974 1.78 0.980
Superior inner 4.70 0.965 3.62 0.972
Nasal inner 5.90 0.931 4.17 0.940
Inferior inner 6.11 0.905 4.86 0.955
Temporal inner 6.32 0.897 5.22 0.943
Superior outer 5.03 0.959 3.78 0.970
Nasal outer 4.99 0.962 3.77 0.972
Inferior outer 6.23 0.900 4.54 0.958
Temporal outer 6.24 0.909 4.29 0.949

Macular protocol of Spectralis OCT
Fovea 2.15 0.980 1.35 0.989
Superior inner 4.25 0.969 3.25 0.958
Nasal inner 5.10 0.935 3.29 0.965
Inferior inner 5.26 0.939 3.39 0.959
Temporal inner 4.95 0.943 2.98 0.985
Superior outer 5.12 0.940 3.45 0.971
Nasal outer 5.69 0.905 4.25 0.963
Inferior outer 5.45 0.911 3.68 0.978
Temporal outer 5.11 0.923 3.44 0.946

RNFL protocol Cirrus OCT
Mean thickness 2.42 0.959 1.81 0.979
Superior quadrant 4.03 0.932 3.00 0.963
Nasal quadrant 5.21 0.939 4.20 0.963
Inferior quadrant 3.45 0.964 3.09 0.955
Temporal quadrant 5.11 0.891 3.12 0.960

Glaucoma RNFL protocol of Spectralis OCT
Mean thickness 2.02 0.985 1.10 0.991
Superior area 2.67 0.973 1.62 0.989
Inferior area 2.12 0.975 1.70 0.988
Superonasal area 3.12 0.970 2.25 0.986
Nasal area 3.00 0.974 2.53 0.985
Inferonasal area 2.89 0.977 2.50 0.987
Inferotemporal area 3.23 0.969 1.89 0.987
Temporal area 2.65 0.971 2.19 0.985
Superotemporal area 2.77 0.975 2.10 0.986

Axonal RNFL-N protocol of Spectralis OCT
Mean thickness 2.21 0.959 1.69 0.989
Superior area 3.26 0.949 1.60 0.990
Inferior area 5.46 0.887 2.79 0.980
Superonasal area 4.21 0.959 3.22 0.973
Nasal area 6.23 0.896 5.68 0.877
Inferonasal area 7.11 0.812 4.41 0.911
Inferotemporal area 4.00 0.955 2.50 0.947
Temporal area 4.67 0.932 2.31 0.954
Superotemporal area 3.78 0.947 2.23 0.966
PMB sector 5.45 0.896 2.44 0.968
N/T index 7.30 0.959 6.02 0.895

Abbreviations: COV, coefficients of variation (in %); ICC, intraclass

coefficients; N/T, nasal/temporal index; OCT, optical coherence tomo-

graphy; PMB, papillomacular bundle; RNFL, retinal nerve fibre layer

thickness; RNFL-N, Nsite retinal nerve fibre layer thickness.
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Figure 2 Graphs of the concordance in optical coherence tomography (OCT) in 75 eyes of patients with Alzheimer’s disease.
The difference (mean thickness measurement, 1–2) is represented against the mean of the three measurements of mean thickness.
(a) Concordance in fovea thickness measurements using the Cirrus OCT device (top) and the Spectralis OCT device (bottom).
(b) Concordance in retinal nerve fibre layer (RNFL) mean thickness measurements using the Cirrus OCT device (top), the glaucoma
application of the Spectralis OCT device (middle), and the Nsite Axonal Analytics application of the Spectralis OCT device (bottom).
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Because of the distribution of ganglionic cell fibres in

the optic nerve head, the inferior RNFL quadrant

undergoes a slight physiologic alteration with age; hence,

thinning suggests an underlying pathology such as

chronic glaucoma27 or a neurodegenerative disease such

as AD. The superior RNFL quadrant alteration is

consistent with a greater density of senile plaques and

neurofibrillary tangles found by Armstrong et al28 in the

cuneus gyrus compared with the lingual gyrus (two

specific regions of the visual cortex). The temporal

quadrant is the sector most affected in early

neurodegenerative diseases,27 as the fibres of the

temporal quadrant follow the PMB. Our results agree

with these findings: RNFL-N parameters showed that

PMB thickness decreased in patients with AD and the

temporal sector was most susceptible (the N/T index was

higher in the AD group because the RNFL thinning

affected the temporal quadrant more than the other

quadrants). We found that mean and superior RNFL

thickness presented higher affectation in patients with

severe cognitive impairment.

There is histopathologic evidence of retinal ganglion

cell loss and optic nerve degeneration in patients with

AD.29,30 Neuroimaging reveals alterations in AD

patients, even in early stages of the disease.31 Thus,

we postulate that axonal loss secondary to other

pathologic changes that occur in the brain can be

detected by scanning the RNFL and the optic nerve, as

these non-myelinated axons form the optic path that

culminates in the occipital cortex. In recent years,

many new instruments have been introduced to

quantify retinal ganglion cells. Changes in the RNFL

may reflect similar pathologic changes occurring

elsewhere in the brain.32,33 Ocular imaging

technologies, such as OCT, scanning laser polarimetry,

or confocal scanning laser ophthalmoscopy, allow the

axonal constituents of the anterior visual pathway to

be observed, thereby allowing direct visualization of

part of the central nervous system. As the RNFL

comprises only unmyelinated axons, measuring RNFL

thickness may be a method for monitoring axonal loss

in AD patients.34 A good correlation between RNFL

thickness and magnetic resonance imaging

measurements of the brain, such as the parenchymal

fraction and brain volumes, has been described in

multiple sclerosis patients, and mean RNFL thickness

is strongly associated with normalized brain

volume.33,35

We also analysed the differences between OCT

applications and devices, and the reliability of all retinal

and RNFL measurements. These data should be

considered when following up the changes in a patient,

because an increase or reduction in retinal or RNFL

thicknesses may be due to the instrument used rather

than actual pathologic changes. The Cirrus OCT uses the

internal limiting membrane as the anterior limit of the

RNFL and the posterior border as the posterior RNFL

limit. In contrast, thickness measurements using the

Spectralis OCT are derived from delineation of the

anterior (internal limiting membrane) and posterior

borders along a single a-scan at the appropriate

eccentricity within each radial b-scan. This eccentricity

was determined to be equivalent to 1400 mm from the

centre of the optic nerve head, measured using a ruler

within the OCT visualization software. In converting

angular span to linear distance, the Spectralis

instrument assumes an emmetropic human eye with an

average axial length.36 Ophthalmologists are

incorporating the new Nsite Axonal Analytics

application in their clinical practice, especially for

evaluating neuro-ophthalmic patients, so the findings of

the present study may help in the interpretation of the

results and changes. We found significant differences

between the standard Spectralis glaucoma application

measurements and the Axonal NSite application

measurements, although both applications measure the

same peripapillary area. Differences in acquisition

techniques may be the cause for this disparity, although

more studies comparing populations with other

pathologies should be performed to analyse and

interpret these differences. Nevertheless, the same

tomography device should be used to evaluate the

RNFL of patients to detect progression or changes in

disease, as has been suggested for other tomography

devices.37,38

Our reliability study demonstrates that the high

precision of FD-OCT devices can be used to evaluate

AD patients. The most reliable retinal parameter was

foveal thickness, but this was the only parameter that

did not reveal differences between AD and healthy

subjects. These findings should be considered by

ophthalmologists when evaluating changes in

prospective OCT exams because OCT variability may

demonstrate apparent RNFL thinning rather than

actual thinning due to disease progression. This

limitation may be reduced using the follow-up

functions of FD-OCT.

The correlation between RNFL mean thickness

(provided by the glaucoma application of Spectralis

OCT) and disease duration indicates that progression

of AD is associated with a progressive loss of

ganglion cells.

There is RNFL thinning in AD patients, and the Nsite

Axonal Analytics application of Spectralis OCT is the

most sensitive protocol for detecting this subclinical

atrophy. Prospective studies are needed, however,

to analyse whether RNFL measurements can function

as a biomarker of disease progression in AD patients.
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Summary

What was known before

K Recent studies have revealed the value of RNFL and
macular measurements provided by OCT for detecting
neurodegenerative disease progression and facilitating
the diagnosis of diseases such as multiple sclerosis,
Alzheimer’s and Parkinson’s disease.

What this study adds

K The ability and reproducibility of three Fourier-domain
optical coherence tomography protocols to detect retinal
nerve fibre and macular atrophy in Alzheimer’s disease
subjects were evaluated. Protocols were compared in
order to help utilize results in clinical practice.
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