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Abstract

loss of ganglion cells.

Pathologic changes in the retina and optic nerve are observed in patients with Alzheimer’s disease (AD), even
in early stages of the dementia. In our clinical ophthalmology practice, we use optical coherence tomography (OCT),
a noninvasive, rapid, objective, and reliable technology that enables for quantification of the retinal nerve fiber layer
(RNFL), namely the retinal ganglion cell axons that eventually form the optic nerve. The opportunity to analyze a
part of the central nervous system by such a simple exploration led to several studies demonstrating thinning of the
RNFL and central retina in AD patients compared with healthy subjects. Here we present some of our investigations
in AD patients using Spectral Domain-OCT. Our results suggest that axonal loss secondary to pathologic alterations
in the brains of AD patients can be observed by OCT. We also analyzed the association between retinal and RNFL
thicknesses and neurologic characteristics, disease duration and severity, and found that mean RNFL thickness was
significantly correlated with disease duration, indicating that the progression of AD is associated with a progressive
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Introduction

Alzheimer disease’s (AD) patients usually complain about visual
symptoms such as blurry vision or reading difficulties. These complaints
have been reported for more than 40 years, and they were initially
considered to be of strictly cortical origin. In the last 20 years, however,
some studies have identified pathologic changes in the retina and optic
nerve [1,2] that could appear during the preclinical stages in patients
with AD or in subjects with mild cognitive impairment.

The retinal nerve fiber layer (RNFL) comprises axons originating
from retinal ganglion cells that finally form the optic nerve, namely, the
first neurons of the visual pathway. The RNFL can be measured using
ocular imaging technologies such as optical coherence tomography
(OCT), [3] which provides noninvasive, rapid, objective, and reliable
measurements. Ophthalmologists now use OCT as part of daily clinical
practice and numerous studies have reported the ability of OCT to
detect RNFL thickness abnormalities and changes in the macula of
patients with neurodegenerative diseases [4,5]. OCT reveals thinning
of the RNFL [6,7] and central retina [8] in AD patients compared with
healthy subjects. There are some similarities between AD and certain
eye diseases associated with aging. In animal models of AD and age-
related macular degeneration, extracellular deposits of amyloid beta are
a common pathologic feature [9]. The visual pathway provides occasion
to use noninvasive explorations to study and follow-up biomarkers
of axonal loss in neurodegenerative diseases such as AD. In fact,
retrograde loss of nerve fibers in the retina and optic nerve could be an
early biomarker of axonal loss in AD, even before hippocampal damage,
which conducts to memory impairment [10].

Five years ago, our Ophthalmology Department initiated a
research line focusing on AD patients. The retinal resolution of Time
Domain-OCT (TD-OCT) is approximately 10 pm, whereas the
retinal resolution of the newer Spectral Domain-OCT (SD-OCT) to
5 pum or less. Further, SD-OCT acquires images faster, registers the
retinal location, and requires no pupil dilation. Faster acquisition is
important for patients with cognitive impairment or patients who have

difficulty maintaining visual fixation, such as those with AD. Based
on our experience, SD-OCT can detect axonal defects in AD patients,
and specifically the Nsite Axonal application (especially designed for
evaluating neuro-ophthalmic patients) of the Spectralis OCT device
(Heidelberg Engineering, Inc., Heidelberg, Germany) has the greatest
sensitivity for detecting subclinical RNFL atrophy in AD [11]. The
temporal quadrant of the RNFL is the sector most often affected in early
neurodegenerative diseases [12], as the fibers of the temporal quadrant
follow the papillomacular bundle (PMB).In a recent study of 70 AD
patients and 70 healthy subjects, we demonstrated that PMB thickness
was decreased in patients with AD, with the temporal sector being
the most susceptible (PMB thickness was 51.58 pm in AD patients
and 56.79 um in healthy subjects, p=0.012) [11]. Further, mean and
superior RNFL thickness were more affected in patients with severe
cognitive impairment [11,13]. Fast acquisition is an important feature
of SD-OCT devices for examining patients with cognitive impairment
or fixation difficulties, such as individuals with AD, and may improve
the reliability of the technique. Due to the fast acquisition of SD-OCT,
we found both retina and RNFL thickness measurements showed
good reliability in AD patients (OCT measurements coefficient of
variation ranged between 2.02 and 7.30; OCT measurements intraclass
correlation coefficient ranged between 0.812 and 0.985) [11]. SD-OCT,
therefore, is a useful and accurate clinical tool to evaluate subjects with
AD, and the test is very fast and comfortable for the patient, who sits
with the head positioned in a chin rest while the SD-OCT acquires
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images in 2 s. This type of imaging can easily be incorporated into eye
exams for AD patients. The advent of the newer Swept source (SS)-OCT
provides additional advantages over SD-OCT, including reduced fringe
washout, better sensitivity with imaging depth, and a longer imaging
range. SS-OCT increases penetration into the choroid and optic nerve
head with reduced sensitivity to ocular opacities [14].

Currently, ophthalmologists don’t know what retinal or RNFL
parameters provided by OCT could be better biomarker to diagnose
AD. According to the area under the receiver operating characteristic
(ROC) curve, RNFL mean thickness is the best diagnostic parameter
assessed by OCT to identify various inner retinal or optic neuropathies,
such as glaucoma, and it is the most sensitive parameter for identifying
neurodegenerative diseases [15-17]. However, it'’s probably that we
achieve the optimal neurodegenerative disease detection by using
different OCT parameters. In another study, we performed a logistic
regression analysis to establish the relative importance of each
independent variable using the forward Wald method, so the calculated
linear discriminant function (LDF) has better diagnostic capability
compared with individual OCT parameters. We obtained that the LDF
built using RNFL measurements provided by Spectralis OCT procured
the highest sensitivity at a high specificity compared to any single
measurement obtained using OCT (Figure 1) [18].

The latest commercialized OCT devices have excellent reproducibility
and better resolution, making it possible to segment retinal layers
(Figure 2). Ctori et al. [19] recently observed that the retinal layers are
differentially affected by AD: the disease causes a general decrease in
RNFL foveal thickness, but only the inner retinal layers exhibit significant
thinning compared with those of healthy subjects. Further, patients with
longer AD duration (= 3 years) exhibited more thinning of the RNFL,
ganglion cell, and inner plexiform layers (p < 0.05) [20]. This could
be due to degeneration of the retinal ganglion cells and axons or to
retrograde transsynaptic degeneration of the retinal ganglion cell layer
and its axons in AD patients in association with posterior visual pathway
lesions. [21] Previous studies reported transsynaptic retinal ganglion
cell degeneration in patients with homonymous hemianopsia due to
retrogeniculate lesions. Jindahra et al. [22] and Reich et al. [23] reported
an association between RNFL loss and retrogeniculate lesions, suggesting
that measurements performed by OCT can reveal combined posterior
and anterior abnormalities in the visual pathway.

Our results suggest that axonal loss secondary to pathologic
alterations in the brains of AD patients can be observed by OCT. The
new technologies can quantify and measure retinal ganglion cells, and
changes detected by OCT in the RNFL may reflect similar pathologic
alterations that occur elsewhere in the patient’s brain. OCT allows
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Figure 1: Receiver operating characteristic (ROC) curve constructed with the retinal nerve fiber layer (RNFL) parameters provided by the Spectralis optical coherence
tomography (OCT) device linear discriminant function (LDF). The area under the ROC curve for the RNFL LDF was 0.967 (95% confidence interval: 0.930-0.986).

Figure 2: Image of retinal layers in the Spectralis optical coherence tomography (OCT) obtained with the new segmentation application of the Spectralis OCT in an
eye from a healthy subject. The software automatically delimited the following layers in a single horizontal foveal scan: 1.inner limiting membrane; 2.retinal nerve fiber
layer; 3.ganglion cell layer; 4.inner plexiform layer; 5.inner nuclear layer; 6.outer plexiform layer; 7.outer nuclear layer; 8.outer limiting membrane; 9.photoreceptors
(rods and cones); 10.retinal pigment epithelium.
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for observation of the axonal constituents of the visual pathway and
direct visualization of the anterior part of the central nervous system
through the eye [24]. We also analyzed the association between retinal
and RNFL thicknesses and neurologic characteristics, disease duration,
and severity, and found no significant correlation between the mean
retinal and RNFL and the Mini Mental State Examination (MMSE)
score. Mean RNFL thickness (provided by the glaucoma application of
the Spectralis OCT) was, however, significantly correlated with disease
duration (r = 0.551, p = 0.043), indicating that progression of AD is
associated with a progressive loss of ganglion cells. Mean RNFL and
superior thicknesses were significantly reduced in patients with severe
cognitive impairment (MMSE<9) compared with those with mild
cognitive impairment (MMSE between 19 and 24 points) [11].

These technologies still have some limitations: media opacity (like
cataract), instrument variability, retinal pigment epithelium status, and
centering and positioning of the images all affect the quality of the data
obtained by these imaging devices. In patients in advanced stages of
AD, good-quality scans are often not possible to acquire, so the number
of severe AD patients included in these studies is limited. Some other
ophthalmologic diseases and optic neuropathies can cause a reduction
in RNFL and retinal thickness, and patients with these conditions
were excluded in our investigations; however it is possible that some
preclinical stages or normal-tension glaucoma could be included by
error. These limitations must be taken into account when interpreting
OCT data obtained from patients with AD.

Additional studies should be performed to evaluate the ability of
OCT measurements to distinguish AD from other kinds of dementia,
and the ability of the thickness of each layer to predict AD. This would
be especially useful in the evaluation of AD patients in incipient phases
or with a difficult or atypical diagnosis. OCT measurements are tools
than can be used in combination with clinical explorations and other
neurologic parameters, with the advantage that OCT is an inexpensive
and non-invasive examination that only takes a few minutes. Future
studies of AD using the new SS-OCT are needed, because the ability to
rapidly acquire three-dimensional OCT data over a wide field of view,
and zoom and image fine structures with high speed and high density
promises to simplify ophthalmic examination protocols and to improve
performance for ophthalmic instrumentation. The eye offers us a direct
window to the central nervous system, and OCT allows for objective
and reproducible evaluation.
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