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1Clínica Optométrica, Foundation Lluís Alcanyís, University of Valencia, Valencia, Spain and 2Optics and
Visual Perception Group (GOPV). Department of Optics, Pharmacology and Anatomy, University of

Alicante, Alicante, Spain

ABSTRACT

Multiple sclerosis (MS) is an acquired demyelinating and inflammatory neurodegenerative disease affecting the
central nervous system (CNS). Clinical and subclinical ocular disturbances occur in almost all patients with MS.
The objective of this narrative review was to collect and summarize the available scientific information on
oculomotor, accommodative and binocular alterations that have been reported in MS. A systematic search
strategy with the following descriptors was carried out: multiple sclerosis, ocular motility disorders, inter-
nuclear ophthalmoplegia, nystagmus, vergences, fixation, pupil reflex, accommodation and stereopsis.
According to the search, some oculomotor alterations were found to be commonly reported in MS, such as
alterations in saccades and nystagmus. In contrast, accommodative, vergence and stereopsis alterations have
not been comprehensively studied despite their relevance, with only minimal evidence showing a potential
negative impact of the disease on these aspects. In conclusion, oculomotor impairment is a common component
of disability in MS patients and should be considered when managing this type of patients. More research is
still needed to know the real impact of this disease on binocular vision and accommodation.

Keywords: Accommodation, multiple sclerosis, saccades, stereopsis, vergence

INTRODUCTION

Multiple sclerosis (MS) is an acquired demyelinating
and inflammatory neurodegenerative disease affecting
the central nervous system (CNS). It is characterized
by relapses, followed by total or partial remissions.1It
is most common at 25–35 years, although it can appear
at any age. MS is the leading cause of non-traumatic
disability in young adults2, with at least two times
more women than men suffering this condition.3

Multiple clinical alterations can occur during MS,
including visual dysfunctions that are among the most
common. In the early stages of the disease4, signs and
symptoms of visual disability can be present in one in
three MS patients.5 Specifically, oculomotor alterations
can be present in up to 90–95% of cases in the course of
MS, being more frequent in the progressive form.6

The objective of the present review was to conduct
a narrative review of all oculomotor alterations that

have been reported to be present in MS, providing
a synthesis of the available scientific information.
Likewise, the scarce peer-reviewed literature available
on binocular and accommodative alterations in MS
was collected and summarized.

SEARCH DESCRIPTION

A search strategy was performed using the scientific
electronic database Pubmed. The bibliographic search
was carried out using the Boolean operator AND in
the following combinations of terms:

“multiple sclerosis” AND “ocular motility disorders”
“multiple sclerosis” AND “internuclear ophthalmoplegia”
“multiple sclerosis” AND nystagmus
“multiple sclerosis” AND vergences
“multiple sclerosis” AND fixation
“multiple sclerosis” AND “pupil reflex”
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“multiple sclerosis” AND accommodation
“multiple sclerosis” AND stereopsis

Inclusion criteria were articles published in Spanish,
English or French showing results of clinical studies
evaluating different oculomotor aspects of patients
with multiple sclerosis. All types of articles were con-
sidered, including those describing case reports and
series. No restrictions were considered in terms of
the year of publication. Exclusion criteria were experi-
mental studieswith animals. According to this, a total of
147 references were revised in detail and their informa-
tion included in the current narrative review (Figure 1).
A total of 852 articles were identified in the search but
excluded from the review according to the inclusion
and exclusion criteria defined.

OCULAR MOTILITY DISORDERS

Oculomotor alterations produced by MS are mainly
caused by the presence of demyelination in different
locations of the visual pathway. Depending on the

location, different mechanisms can be affected produ-
cing a wide range of alterations, including the medial
longitudinal fasciculus, paramedian pontine reticular
formation (PPRF), ocular motor cranial nerves CN III,
IV, or VI, the medulla, the cerebellar peduncles, the
posterior pontine tegmentum and the midbrain.7

The prevalence of oculomotor problems in MS is
commonly underestimated, because these potential
problems are not analyzed in detail in clinical practice
if the patient does not report symptoms. Eye move-
ment disorders are even more frequent in long-
duration diseases8 and therefore the evaluation of
ocular motility is critical in patients with MS with
and without symptoms. A great variety of alterations
related to ocular motility in MS have been reported in
the literature. A classification and description of these
alterations are described in detail below.

Saccades

Saccades are fast conjugated movements of the eyes
between two targets. It can be executed voluntarily or

FIGURE 1. Summary of the articles considered for the current narrative review.
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in response to visual stimuli. Depending on the direc-
tion of the movement, saccades can be directed to the
new stimulus (pro-saccade) or move away from it (anti-
saccades). The size of the saccadic pulse is controlled by
the posterior fastigial nuclei and dorsal vermis in the
cerebellum. Any damage in the fastigial nuclei causes
hypermetric saccades (saccades that overshoot the tar-
get), and usually are binocular because axons cross to
the contralateral nucleus. Lesion in dorsal vermis pro-
duces hypometric saccades (saccades that undershoot
the target). Other impaired smooth pursuit can occur,
such as saccadic intrusions and oscillations, and
depending on the amplitude can be classified as square-
wave jerks, macro square-wave jerks and macrosacca-
dic oscillations.When there is a pause between saccades
back and forth, it has been postulated that the cause is
a disruption of feedback between nuclei that control the
saccades.2,9

Table 1 summarizes the saccadic alterations reported
in MS patients in the studies revised. The most reported
saccadic alterations in advanced MS and clinically iso-
lated syndrome (CIS)10 are saccadic dysmetry (41.7%)
and impaired smooth pursuit (42.3%)11–13, which relates
to prolonged saccadic latency, no matter if they have
suffered or not optic neuritis (ON) or internuclear
ophthalmoplegia (INO).14 An increase in saccadic latency
has been even found in children with MS.15 Saccadic
initiation time (SI time)16,17 and average inter-saccadic
intervals (ISI)18 are also higher in patients with MS.
Reduced saccade velocity is present in 44% of the cases
with clinical MS and 18% of cases with the subclinical
form.19 Likewise, poor accuracy of saccades has been
reported in MS, with a tendency to be hypometric.20

Alterations of the vertical saccades (SVV) have also been
found in 36% of MS patients13, combined with oblique
saccades directed towards the side of the lesion.24 The
versional dysconjugacy index (VDI) has been proposed
by several authors as amore appropriatemeasurement of
the saccade limitation inMS rather than focusing only on
the reduction of the saccade velocity.19,21,22 VDI is a ratio
betweenabducting toadductingeyemovements for velo-
city, acceleration, latency and amplitude, allowing the
elimination of the inter- and intraindividual variability.
VDI has been found altered in patients with andwithout
INO and NO.14

Saccades values are also used to characterize INOs,
fixation and to quantify the effect of fatigue.25,26 Fatigue
increases saccade abnormalities, including large ampli-
tude and latencies as well as larger decrease of saccadic
peak velocity, which is the most characteristic sign of
fatigue.27,28 The saccades in the INO have been
widely studied. Abduction saccadic velocities are normal
while adduction saccades are slowed binocularly.22,29

Obviously, fatigue also worsens the symptomatology
and signs in INO.30 Saccades alterations have
been related to dynamic balance31 and decrease in
cognitive function, particularly working memory.32

These functions are valued by the anti-saccadic task that
requires inhibiting an automatic saccade directed
towards a visual stimulus that is presented and generat-
ing a saccade of similar amplitude in the opposite direc-
tion. Patients with MS make more errors in this test.
Another test is memory-guided saccade that shows inac-
curate responses inMS. Finally, saccades aremeasured to
assess the effect of some pharmacological treatments,
such as high-dose 6-methylprednisolone, which resulted
in an improvement in latency.33

In all these studies, different methods have been
used to measure the saccades. The most common
are infrared oculography24,34, electro-oculographic
technique,14,17,35 infrared eye-tracker28, infrared reflec-
tion oculography19,34 and the combination of infrared
oculography and diffusion tensor imaging (DTI).36

Other methods used analyze saccades but in relation to
other cognitive abilities, such as the King-Devick test18,
which is based on the speed of rapid number naming,
and requires intact eye movements, particularly sac-
cades. With this test, longer (worse) values have been
found in MS patients. Another similar test is the Mobile
Universal Lexicon Evaluation System (MULES)37, which
is similar to the previous one, but images are named and
time is measured. This evaluates the V4 area and the
lower temporal projections needed for object recognition.

Internuclear Ophthalmoplegia (INO)

Internuclear ophthalmoplegia (INO) is the slowing, lim-
itation or incapacity of the adductor eye (inward) in
horizontal gaze and the appearance of nystagmus in
the abductor eye (outward)38 (Figure 2). The adduction
limitation is the same for pursuit and saccades, and
saccadic latency is increased.23 Convergence is pre-
served, which makes a differential diagnosis with
paralysis of III cranial nerve. Patients do not necessarily
manifest strabismus if fusional vergences are intact in
primary gaze position. However, these patients may
experience transient blur vision, oscillopsia, or diplopia
for evoked nystagmus and transient tropia, while look-
ing sideways.

INO is caused by damage to medial longitudinal
fasciculus (MLF), which is the internuclear compo-
nent that connects the oculomotor, trochlear, abdu-
cens, and vestibular nuclei, as well as the subnucleus
of the medial rectus of the III cranial nerve. The lesion
is on the same side of the eye showing the adduction
weakness (Figure 3). MLF is also involved in the
regulation of vertical eye movements, and therefore
alterations such as skew deviation, ocular torsion,
subjective visual vertical (SVV), decreased vertical
smooth pursuit, or decreased vertical vestibulo-
ocular reflex (VOR) gain can be present.39 There are
some hypotheses40 about the origin of nystagmus in
INO. First, these saccadic oscillations could be an
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adaptive response rather than a true nystagmus
(Hering’s law). On the other hand, the structures
responsible for the eccentric gaze are close to the
MLF and might also be affected.

MS is the second cause of INO, with a prevalence
of around 34%34,41–43, being preceded by vascular
causes in a large portion of patients (36.9%).44 The
main findings in this dysfunction are present in the
efferent visual system.45 In children, INO is also pre-
sent, with slightly more ophthalmological symptoms
than adults.46 Motor ocular findings may be the initial
manifestations of MS and may predict additional
demyelinating events.47,48

INO can be unilateral or bilateral. This last one is
more frequent in MS40, with only 27% of the cases
being unilateral.41 Bilateral INOs have been reported
in the literature as the first symptom of the disease
and during the course of MS.49,50 INO can be accom-
panied in some cases by complete bilateral horizontal
gaze paralysis50,51 or with right homonymous
hemianopsia.52 Bilateral INO is normally accompa-
nied by vertical gaze deviation nystagmus.40 INO
can be also anterior o posterior, and the differential
diagnosis depends on the integrity of convergence. If
the lesion occurs at the level of the oculomotor
nucleus, convergence is affected, whereas it is not

affected in posterior INO because the MLF lesion is
below the oculomotor nucleus.40

Another variant of INO is WEBINO (wall-eyed
bilateral internuclear ophthalmoplegia), which is
characterized by bilateral exotropia (wall-eyed) in pri-
mary position, bilateral INO, and affectation of
convergence.2 Some rare cases of INO, such as INO
of Lutz, also known as “INO of abduction”, ‘reverse
INO’ and ‘pseudoabducens palsy’, have been also
reported in MS.53 Different methods have been used
to define and help in the diagnosis of INO, especially
in early or subclinical cases.29 The measurement of
saccades, as mentioned above, is an important value
in the diagnosis of INO.

INO can appear in combination with other altera-
tions of the ocular movement, as one-and-a-half syn-
drome (OAHS) and its spectrum disorders. The one
and a half syndrome is a horizontal movement dis-
order, which combines a paralysis of the ipsilateral-
conjugated horizontal gaze (one) and INO (mean).54

There is a sudden onset of double vision that gets
worse when looking at one end. These patients cannot
move their eyes to the opposite side. Vertical and

FIGURE 2. Ocular movements in internuclear ophthalmople-
gia (INO) of the right medial longitudinal fasciculus (MLF). In
the upper image: the primary gaze position is not affected. In
the middle image, the left gaze is not altered. In the image
below, in the right gaze, there is a paralysis or slowing down
of the medial rectus of the right eye, as well as nystagmus in
the left eye.

FIGURE 3. Internuclear ophthalmoplegia (INO): Paramedian
pontine reticular formation (PPRF) projects a pulse of innerva-
tion to the VI nucleus. From here, through the cranial nerve VI
(abducens nerve), the pulse of innervation is projected to the
lateral rectus to generate an abduction of the left eye.
Simultaneously, from the nucleus of the VI pair, the neurons
come out to the nucleus of III cranial nerve (oculomotor) by
medial longitudinal fasciculus (MLF) up to the right medial
rectus. When the MLF is demyelinated, the size and timing of
the pulse will be affected, altering the adduction of the medial
rectus of the right eye.
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convergence movements are not affected. The one-
and-a-half syndrome is caused by a lesion of unilat-
eral tegmentum of pons, causing damage to the para-
median pontine reticular formation (PPRF), abducens
nucleus and MLF ipsilateral. MS is the second most
common cause of this syndrome after vascular
disease.55,56 It can occur as one of the first manifesta-
tions of the disease57 or in the course of the disease.58

Twenty cases of OAHS in MS have been reported
in the literature.44,57-61The range of age of presenta-
tion of clinical cases is 20 to 78 years. It is not specified
in all cases whether the syndrome was the first symp-
tom or it appeared during the course of the disease.

There are syndromes closely related to the OAHS
called one-and-a-half spectrum syndromes, but only
two of them have been reported in the literature asso-
ciated to MS: eight-and-a-half syndrome and one-and-
one syndrome. The eight-and-a-half syndrome was
first named in 1998 by Eggenberger.62 It is
a combination of OAHS with ipsilateral seventh (facial)
nerve palsy (7 + 1½ = 8½). It presents with one-sided
facial paralysis and an OAHS on the same side. The
demyenilizing lesion occurs in the dorsal pontine teg-
mentum of the caudal pons involving the PPRF (or
Abducens Nucleus) and the MLF, as well as the
nucleus and fasciculus of the facial nerve. Few cases
of eight-and-a-half syndrome have been reported in
the literature: three cases63-65 in adulthood and one in
pediatric66 age related to MS. In all cases, this syn-
drome was the first symptom of the disease.

The “one-and-one” syndrome term has been
adopted by analogy with the “one-and-a-half” syn-
drome, leading to complete horizontal gaze paralysis.
A case report of 24-year-old woman was published in
201067, reporting as first symptom the diplopia.
Abduction and adduction saccades were impossible,
whereas vertical eye saccades and convergence were
normal. The Marcus Gunn sign was observed,
whereas nystagmus or other signs of brainstem dys-
function were not detected.

Nystagmus

Nystagmus is a rhythmic oscillation of the eyes. The
symptoms of acquired nystagmus include blurred
vision due to the inability to fixate, vertigo and oscil-
lopsia. The alteration of any of the following three
mechanisms leads to nystagmus: (1) fixation: ability
to detect the object and keep the visual axis on it; (2)
the vestibulo-ocular reflex to compensate for head
movements; (3) the gaze-holding system to hold the
steady eccentric gaze. In MS, white matter usually
affects the medial cerebellar, medullary posterior,
central pontine and superior collicular regions, pro-
ducing alterations in these mechanisms and therefore
alterations of ocular movement and nystagmus.68,69

Each cycle of movement begins when the eye invo-
luntarily moves away from the object (defoveating)
and continues in motion to center the object in the
fovea (foveating).70 These movements may be slow or
rapid. Normally, nystagmus is classified according to
the rapid phase of the nystagmus. Nystagmus is one
of the most frequent oculomotor alterations in MS,
being permanent in 70% of cases.71 However, in late-
onset MS (after age 45), nystagmus is not as common
as in the remaining cases.72

The first cause of acquired pendular nystagmus is
MS.73,74 Indeed, it has been one of the most studied
nystagmus types by previous authors. The majority of
patients with MS develops nystagmus later in
a progressive phase of the disease.75 The amplitude,
asymmetry, irregularity and mean peak velocity of nys-
tagmus inMS are lower than in oculopalatal tremor, but
the frequency is higher in MS.76 This type of nystagmus
can also be associated with dissociated movements.77

Nystagmus may be due to visual deprivation due
to optic neuritis75 as the oscillations have been shown
to be usually larger in the eye with more severe visual
impairment. Another theory is that the oscillations are
due to the instability of the neural integrator73,78,
because in patients with MS demyelinating plaques
are in the region of the paramedian tracts, which is an
important area associated with feedback circuits of
eye velocity signals.79,80 In a clinical case, a vertical
pendular nystagmus was reported in MS, with simul-
taneous involvement of optic nerve and asymmetric
brain stem lesions.81 Concerning the optokinetic nys-
tagmus (OKN), it is one of the most common (around
60% of patients)82 and disabling nystagmus in MS.83

Evoked nystagmus has been shown to be present in
45% of patients with MS.84 This type of nystagmus may
appear in conjunction with paralysis of the face,
imbalance85 and pupillary light-near dissociation.86

Likewise, MS is the second cause of horizontal gaze-
evoked nystagmus (hGEN) behind neuromyelitis opti-
cal spectrum disorder (NMOSD).87 It is present in
between 10-15% of patients with MS.12 Another com-
mon type of nystagmus in MS is the acquired conver-
gence-evoked nystagmus (CEN) (40% of patients),
which is more frequent in its vertical mode (82%).88

This type of nystagmus can occur as a first symptom89

or in a relapse.90 In this type of nystagmus, lesions occur
in cortical eye fields and their descending connections.91

Upbeat nystagmus is not very common in MS, with
only 5% of patients showing it.92 It is related to
damage of the vestibular-reflective ocular pathway
and lesions in the medial longitudinal fasciculus
(MLF) and ventral tegmental tract. Three clinical
cases have been reported in combination with
damage in the trigeminal nerve.93 Another atypical
case of upbeat nystagmus with a linear slow phase
waveform has been reported, in which the velocity of
nystagmus was intensified in downward gaze and
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decreased during upward gaze. Lesions were located
in the paramedian dorsal area of the caudal medulla,
encompassing the most caudal part of the perihypo-
glossal nuclei.94,95 Although downbeat nystagmus is
related to neurological disorders, they are not as com-
mon in MS. Indeed, four cases have only been
reported.96–98 They are usually associated with lesions
of the vestibulocerebellum and underlying medulla.

Central positional nystagmus is very rare inMS (1%),
not being the primary cause.99,100 However, it can be the
first symptom of MS101 because this type of nystagmus
is a sign of pathology localized in the area of the vestib-
ular nuclei. Only two cases of see-saw nystagmus (SSN)
have been reported102,103 even though MS is the second
cause of SSN.104 This nystagmus presents oscilloscopy
in two phases. In the first phase, three elevations are
present, with intortion of one eye and synchronous
depression and extortion of the other eye. In
the second phase, the movements are the opposite.

A case of rotary nystagmus has also been reported,
in which the visual axis of the eye involuntarily
moves in the horizontal and vertical planes, describ-
ing a closed-loop trajectory.105 Torsional nystagmus
has only been reported in one case report in which
a left dorsolateral medullary MS plaque was detected
with MRI.106 Finally, periodic alternating nystagmus
(PAN) has been described in a clinical case107, in
which multiple areas of demyelination scattered
along the floor of the IV ventricle were present, invol-
ving portions of all vestibular nuclei. It is clinically
presented with nystagmus in primary gaze position
for 2 min, stopping then and starting beating in the
opposite direction afterwards.104

Fixation

Only two studies have been reported in the literature on
fixation andMS. The first of them assessed fixationwith
scanning laser ophthalmoscope (SLO)-based eye-
tracking during OCT scanning of retinal layer
thickness.108 Sixteen patients with MS were studied
and concluded thatMSpatients have twofold of fixation
instability. Likewise, there was no relationship between
fixation instability and low-contrast letter acuity, and
weakly with ganglion cell layer (GCL), suggesting that
fixation instability may be due to demyelination or neu-
rodegeneration affecting efferent pathways. These
results were consistent with those obtained in another
study25, which also did not find a relation between
fixation instability in terms of frequency and amplitude
with optic neuritis. These authors used infrared oculo-
graphy in 213 patients to observe square-wave jerks,
being larger in 25% ofMS patients, but not in frequency.

Larger fixational eye movements around visual
targets with intention tremor are present in patients
with MS compared to controls.109 The unsteady gaze

fixation on visual targets is proportional to the mag-
nitude of the preceding saccades, influencing the
severity of intention tremor during eye-hand coordi-
nated visuomotor tasks.

Pupil Reflex

The regulation of the pupil is controlled by the CGL
of the retina through its projections to the olivary
pretectal nucleus (OPN) and to the suprachiasmatic
nucleus (SCN) in the middle brain. The rods mediate
mainly the transient pupil contraction, whereas mel-
anopsin retinal ganglion cells (mRGCs) contribute to
the steady-state pupil constriction.

The reduction of the pupil sustained response to
blue light has been associated with a decrease in
thinner ganglion cell layer (GCL) and inner plexiform
layer (IPL). This is also related to the abnormal
rhythm of melatonin in MS patients, which is more
remarked in patients with episodes of NO.110 The
pupil cycle time (PCT) is also reduced in 83% of
patients with MS111, and even more in those com-
bined with episodes of NO.112 Pupil response deficits
remain with standard visual field perimetry and chro-
matic thresholds isolating the use of color signals.113

The amplitude of pupillary response and maximum
speedmeasuredwithmultifocal objective pupil perime-
try (mfPOP) are reduced in patients with MS with or
withoutNOassociated.114 Another alteration inMSwas
a reduction of latencywith a large pupil, and an increase
of latency with a small pupil.115 In some cases, this can
be the first symptom of MS116 as well as corectopia.117

A study assessed the dilating and contraction reac-
tion of the pupil in patients with MS. It found that
a lot of reaction to dilation was present, but with little
reaction to constriction and greater recovery of pupil
diameter after observing the light stimulus. The affec-
tation is nonspecific118, but when studied together
with accommodation (parasympathetic system), no
alteration was present in the pupillary reaction.119

As the pupillary function is mediated by the autono-
mous system, it is related to the cognitive function.
A study revealed that MS patients with low cognitive
scores had lower pupil response measured with eye-
tracker.120

Relative afferent pupillary defects are present in
18% of cases of MS. A relative afferent pupillary
defect was found in 6% of patients with no history
of optic neuritis and no optic atrophy.121 Pupillary
alterations such as Marcus Gunn have been reported
in four clinical cases122,123, including a 15-month-old
infant.124 Others such as Argyll Robertson pupil have
also been reported combined with lesions in the area
of the nucleus of Edinger–Westphal.125 Nine cases of
III cranial nerve dysfunction in multiple sclerosis
(MS) have been reported.126,127
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BINOCULAR VISION AND
ACCOMMODATION

Vergences are coordinated movements of the eyes to
maintain bifoveal fixation by excitation and inhibition
of the lateral and medial rectus muscles. The impulses
pass from lateral rectus subnucleus motor neurons to
medial by means of the oculomotor internuclear com-
plex and additional regions related to vergence areas
19 and 22 of the occipital lobes and the pontine
tegmentum.40 Degenerative conditions can cause ver-
gence impairment128, producing symptomatology,
such as diplopia, asthenopia and reduced depth per-
ception. Some vergence disorders have been reported
in the literature associated with MS.

Convergence Paralysis

A pure study of convergence has not been done. In
the peer-reviewed literature, the convergence paraly-
sis or its deficit is associated with INO, as it affects the
demyelination of MLF, and in consequence abductors
or convergence pathways can also be damaged.129

Only one case report in MS with dorsal midbrain
syndrome has been published, showing pupillary
light-near dissociation, upward gaze paresis, conver-
gence-retraction nystagmus and skew deviation.86

Convergence Spasm

Spasm of the near reflex is characterized by excessive
convergence, accommodation and miosis that are
often associated with psychogenic disorders, although
it may be secondary to several organic conditions.130

The spasm of the near point is considered as
a paroxysmal symptom. In other words, it is a brief
symptom that appears suddenly, being repeated mul-
tiple times a day during a variable period (days or
weeks) and finally disappearing.

In 1975, a paroxysmal attack with double vision
presentation in MS was described for the first
time.131 Although this anomaly was first mentioned
in 1884132, it was not studied in depth due to the
rarity of its clinical entity. Currently, the cases
reported in the literature are not abundant. Indeed,
the percentage of MS patients with paroxysmal symp-
toms ranges from 9% to 17%.131 Paroxysmal symp-
toms have been described in the early stages of MS in
patients who do not have a neurological disability or
only a minor disability131, although they have also
been described in advanced stages of the disease. It
is suggested that these attacks occur by ephaptic acti-
vation, i.e. when axonal propagation in the plaques is
abnormal, with the transmission of nerve impulses
taking place through the membrane by synapses.133

Magnetic resonance studies have revealed the asso-
ciation of convergence spasm in MS with lesions of
the brainstem in the region of the longitudinal
cord.134,135 In other cases, demyelinating plates have
been found in the corpus callosum, white pericallosal
matter and protons in the brainstem.136,137

Divergence Insufficiency (ID)

ID is a rare-acquired disorder of binocular vision that has
been associated with neurological disorders, such as
ischemic brainstem disorder, brain stem malformation,
tumors, CNS infections, demyelinating disorders, head
trauma and intracranial hypertension.138 ID inMS is very
rare, also called divergence paralysis. The clinical fea-
tures of ID are low magnitude esotropia at distance
vision, but orthophoria or mild esophoria is usually pre-
sent at near. In lateral gaze, the deviation is concomitant.
Divergence fusion is reduced, but abduction is complete
and saccadic velocities are normal in abduction.139

The cause of this condition is not clearly localized.140

Many different regions (diffuse or focal) have been
described for the lesions leading to ID. Although some
authors support the hypothesis of the existence of
a divergence control centre, diffuse and distributed
lesions would not support such existence, with the pos-
sibility of multiple neural or diffusely distributed struc-
tures governing divergence.140 Currently, the etiology of
ID is undefined, being continuously in controversy.141 It
should be considered that divergence is an active pro-
cess, not passive, associated with the relaxation of the
middle rectus muscles.142

ID may be an initial symptom of a probable
demyelinating disease in young and previously
healthy subjects. Patients with ID should undergo
a complete neurological evaluation, including neuro-
logical images143 to rule out neurological alterations.
Only one case of ID in MS has been reported143,
showing a 38-year-old woman with an episode of
diplopia at distance (esotropia) and orthophoria at
near. Neurological evaluation was normal, but multi-
ple demyelinating lesions were observed on MRI.

Accommodative Disorders

Currently, little has been studied about accommodative
alterations in MS. In fact, only two studies have studied
accommodation in patients with MS. The first study119

was carried out in 1992 that analyzed the accommoda-
tive range using a Badal optical system and the reaction
time, pressing a button when they perceived the blur.
The sample consisted of nine patients (7 women and 2
men) aged between 23 and 34 years, with no significant
differences in accommodation range or tonus position.
The only finding that differed between controls and
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patients withMSwas the reaction time that was slowest
to detect optotypes at far and near distance.

The second study on accommodation144 showed
25 MS subjects with alterations in the visual-evoked
potentials (PEV), other 25 without alteration in the PEV
and 25 controls. The study showed that patients with
altered VEP and reduction in the retinal nerve fiber
layer (RNFL) had a lower amplitude of accommodation
measured with the negative lens method compared to
controls. Considering that different methods used for
measuring accommodation were used in both studies,
no precise comparisons can be performed, being neces-
sary more studies to assess the accommodation in
patients with MS.

Stereopsis

Deficits in stereoscopic vision may be due to alterations
in the ocular movements, but also to the demyelization
progress during the disease.145, 146 Three studies have
been made on MS and stereopsis. In the first study147,
stereopsis was measured with the Randot Stereoacuity
Test (RST) and these values were positively related
with evoked potentials (PEV). In this study, 73.9% of
the subjects showed a significant decrease in stereoa-
cuity, even when their VA was 20/20. The second
study148 obtained similar conclusions with a sample of
27 patients with VA 20/20 and no history of NO, but
the rate of stereoscopic anomalies was 22.2%, indepen-
dently of the disease duration. The third study led to
the same conclusion, with a decrease in stereo-acuity in
patients with MS, with or without AV involvement.149

CONCLUSIONS

A great variety of oculomotor alterations are present
in MS, either during the course of the disease or as
a first sign. Oculomotor impairment is not severe in
most of the cases, but chronic oculomotor alterations
may be present at all stages of the disease, with the
potential of affecting binocularity. In any case,
a complete ophthalmological and optometric evalua-
tion of the visual system is essential to assess the
oculomotor impairment caused by MS.
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ABSTRACT

Purpose: Dry eye disease (DED) is a common condition that significantly lowers the quality of life. As the
disease grows more prevalent, multiple commercial instruments have been developed to measure the ocular
surface of dry eyes, but no single device has yet been successful in comprehensive measurements. The current
study aimed to investigate the clinical accuracy and utility of the Antares topographer in the diagnosis of DED.
Methods: Thirty-three consecutive patients underwent analyses of their non-invasive first tear-film break-up
time (NIF-BUT), tear meniscus height (TMH) and meibography with the Antares topographer. The meibogra-
phy with the LipiView scan was conducted. Slit-lamp examinations were done for assessments of meibomian
glands (MG) and fluorescein tear-film break-up time (FBUT). Schirmer 1 test was done. The Ocular Surface
Disease Index (OSDI) scores were graded.
Results: Thirty-three eyes of 33 patients (mean age 61.5 ± 10.6 years, range 37.5–76.4 years, 27.3% males)
completed the study. According to the Antares measurements, the NIF-BUT of the patient population was
5.0 ± 3.4 seconds on average (1.1–15.0 seconds), and the TMH was 0.2 ± 0.1 mm at center (0.1–0.5 mm). The
average OSDI score was 22.4 ± 16.6 points (0.0–79.5 points). When correlations were calculated, significant
correlations were found between the NIF-BUT from the Antares topographer and FBUT (r = 0.538, P = .001),
and between MG dropout from the Antares topographer and that from the LipiView interferometer (r = 0.446,
P=.009). Antares NIF BUT and FBUT were in agreement with one another (95% limits of agreement (LOA)
−5.04 ± 6.37, P=.198) as were the infrared images from the Antares topographer and those from the LipiView
interferometer (95% LOA −0.25 ± 0.35, P=.073).
Conclusion: The Antares topographer is useful in the diagnosis of DED. Among its outputs, the NIF-BUT and
MG dropout most closely correlated with currently accepted modes of diagnosis. However, concurrent clinical
examinations are recommended for clinical follow-up.

Keywords: Antares topographer, dry eye, meibomian gland dysfunction, tear break-up time

INTRODUCTION

In 2017, the Tear Film and Ocular Surface Dry Eye
Workshop has defined the dry eye disease (DED) as
“a multifactorial disease of the ocular surface charac-
terized by a loss of homeostasis of the tear film, and
accompanied by ocular symptoms.”1 As evident in
the convoluted definition, the disease is complex and
remains incompletely understood. So far, an increase

in tear osmolarity and subsequent instability in the
tear film have been touted as the key concept in the
pathogenesis.2 The meibomian gland dysfunction has
also gained significant attention as a major cause of
tear deficiency and evaporative dry eyes.2–4 Until
now, slit-lamp examinations as well as clinical tests
like Schirmer tests were employed, and they have
somewhat allowed the evaluation of the disease in
various aspects. The imaging of meibomian glands
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has evolved from the transillumination on an everted
eyelid by Tapie in 1977 to infrared photography and
enabled easy visualization.5 However, demands for
devices that combine multiple modalities to parallel
expanding knowledge about the disease remain high.
Numerous analytical tools for DED have emerged in
response; yet no single diagnostic device has assumed
the role of gold standard mode of diagnosis.

The Antares topographer (Lumenis, Australia), the
topic of our present study, is one of the latest efforts to
qualify as well quantify the ocular surface of DED. It is
a part of a growing list of DED diagnostic apparatuses
that include Keratograph 5 M and LipiView interferom-
eter. Like many of its predecessors, it generates outputs
on tear meniscus height (TMH), tear-film break-up time
(BUT) and infrared images of the meibomian glands
(MG). Before its clinical applications, however, vigorous
testing of its accuracy is in order. Therefore, in this
study, we examined the clinical accuracy of the outputs
provided by the Antares topographer and identified
whether the results have correlations with currently
accepted modes of diagnosis in the DED.

MATERIALS AND METHODS

Subjects

The study protocol was approved by the Institutional
Review Board of Yonsei University College of Medicine
(1-2019-0072). The procedures followed the tenets of the
Declaration of Helsinki, and all patients provided writ-
ten informed consent. A total of 33 consecutive patients
who visited our clinic in December 2018 were prospec-
tively recruited for enrollment in the study. Patients
were recruited regardless of the diagnosis of dry eye
disease or their symptoms. Patients over the age of 20
were considered eligible for inclusion. Those meeting
any of the following criteria were excluded: (1) presence
of any severe ocular surface disease and/or corneal
epithelial pathology, (2) previous ocular trauma or sur-
gery other than uncomplicated cataract extraction, (3)
ocular comorbidities such as glaucoma and uveitis, (4)
disease of the eyelid that led to unacceptable discomfort
during eyelid eversion, and (5) any ocular surgery
within 1 year of study. All subjects underwent examina-
tions in the order of invasiveness to minimize the effect
of the previous test on the next: first the Antares topo-
grapher, then the LipiView interferometer, followed by
slit-lamp examinations and finally OSDI questionnaires.

Antares Corneal Topographer

The Antares topographer (Lumenis, Australia) is
a non-contact Placido ring-based corneal topographer.
It is also equipped with an infrared (IR) illumination

system for imaging of meibomian glands. The device
has also incorporated fluoroscopy to measure non-
invasive first BUT (NIF BUT). It provides TMH
along the lower lid margin at three different locations.
A patient was seated in front of the device and asked
to focus on the central target while information on
TMH and NIF BUT was obtained. In order to visua-
lize the lower palpebral conjunctiva, the lower lid was
everted and held in place by a cotton-tip applicator by
an investigator, and IR option was chosen for meibo-
graphy. While exams with the Antares topographer
were conducted for both eyes for each individual, the
eye to be included in the analysis was chosen at
random.

Infrared Meibography

Meibography was performed with the LipiView II
Ocular Surface Interferometer (Tear-Science,
Morrisville, NY, USA) following the standard operat-
ing procedure for the device. The Lid Everter was
positioned on the lower eyelid, and the palpebral
conjunctiva was exposed by everting the lower lid
and holding in place with a cotton-tip applicator as
much as possible. The best Dynamic Illumination
photograph for each eye was chosen for analysis.

Clinical Parameters

All subjects underwent slit-lamp biomicroscopy exami-
nations as well as clinical tests that included fluorescein
tear break-up time (FBUT) and Schirmer 1 test. The sub-
jects were instructed to not use any eyedrops for 2 hours
before examinations. For FBUT measurement, a single
fluorescein strip (Haag-Streit, Koeniz, Switzerland) was
applied over the inferior meniscus. In order to control for
possible variations in fluorescein volume and concentra-
tion, the averagevalue of 3 repeated testswas takenas the
final measurement. The Schirmer test was conducted
using a standard paper strip (Eagle Vision, Memphis,
TN, USA). The strips were placed without topical
anesthesia and left for 5 minutes before the final reading.
Lid margin abnormalities were assessed with slit-lamp
biomicroscopy. The following four factors were used to
grade abnormalities: vascular engorgement, plugged
meibomian gland orifice, displacement of the mucocuta-
neous junction and irregularity of the lid margin.6–8

Based on the presence of any of the four factors, abnorm-
alities were graded from 0 to 4. The meibum quality
was assessed basedon the secretion from the eight glands
in the center of the lower lid and graded out of 24
points.6,7 The expressibility of meibumwas graded semi-
quantitatively also by assessing the secretion after
applying firm digital pressure onto the five lower lid
glands.6,9 The protocol is defined in detail elsewhere.10
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The slit-lamp examinations were conducted by a single
clinician (I.J) for consistency. During the same visit, the
subjects were asked to fill out the Ocular Surface Disease
Index (OSDI) questionnaire. The questions were taken
from the set developed by the Outcomes Research
Group at Allergan (Irvine, CA, USA).

Image Analysis

A single-masked observer analyzed the infrared images
of the MG from the Antares topographer and the
LipiView interferometer in a darkened room using
ImageJ (http://imagej.nih.gov/ij/, National Institutes
of Health, Bethesda, MD, USA). Using a technique initi-
ally described by Pult et al.,11 the free-hand tool was
used to trace the non-glandular areas. The non-
glandular area was divided by the total exposed area
of the lower palpebral conjunctiva to obtain the percen-
tage of MG dropout.

Statistical Analyses

All continuous data are expressed as mean ± standard
deviation while categorical data were presented as the
number and percentage of the total population. The
degree of correlations was calculated with Pearson’s cor-
relation coefficients as appropriate, and scatterplot
graphs were drawn. Statistical analyses were performed
using SPSS statistics software (version 23; IBM
Corporation, Armonk, NY). In order to confirm inter-
changeability between Antares and other diagnostic
tests, Bland-Altman plots were produced with MedCalc
(version 19.1.6; MedCalc Software Ltd, Ostend,
Belgium). A p-value <0.05 was considered statistically
significant.

RESULTS

Patient Population

A total of 33 patients were included in the study.
Table 1 illustrates the baseline characteristics of the
patient population. They were 61.5 ± 10.6 years old on
average, ranging from 37.5 to 76.4 years old. Nine of
the patients (27.3%) were males. Seventeen left eyes
and 16 right eyes were included in the study.

Use of the Antares Topographer in Diagnosis

The Antares topographer was utilized to evaluate the
tear film inmultiple aspects. The results are illustrated in
detail in Table 2. The NIF BUT was evaluated by detect-
ing changes in the edges of mires illuminated onto the

corneal surface. The break-up time was 5.0 ± 3.4 seconds
(1.1–15.0 seconds). There were generally no noticeable
differences in the heights of tear lake at different loca-
tions. Except for the nasal part of the eyes, where the
height was slightly higher at 0.3 ± 0.1 mm (0.1–0.5 mm),
the TMH at center and temporal parts of the eyes were
0.2 ± 0.1 mm (0.1–0.5 mm for both center and temporal
parts). The meibomian glands were visualized again
with the topographer using an infrared system. The
dropout was 21.4 ± 16.3%; the dropout calculated from
the Antares images ranged from 1.5% to 69.1%.

Clinical Evaluation of Dry Eyes

The structural as well as functional aspects of the
DED were evaluated (Table 1). When meibomian
glands were visualized with a non-contact infrared
meibography, LipiView interferometer, the MG drop-
out for the patient population was on average
16.1 ± 11.8%. The dropout measured with LipiView
interferometer was as low as 2.5% and as high as
59.2% in our study population. The mean FBUT was

TABLE 1. Summary of clinical findings.

Parameters Median Mean ± SD (Range)

Age (years) 63.3 61.5 ± 10.6 (37.5–76.4)
Sex
Male 9 (27.3%)
Female 24 (72.7%)

Eyes
Right 16 (48.5%)
Left 17 (51.5%)

Schirmer 1 test (mm) 10.0 13.5 ± 9.7 (2.0–35.0)
Fluorescein break-up time
(sec)

4.0 4.3 ± 2.1 (0.0–13.0)

Lid margin abnormality 2.0 2.2 ± 1.1 (0.0–4.0)
Meiboscore
Quality 12.0 12.5 ± 4.4 (6.0–24.0)
Expressibility 2.0 2.0 ± 0.9 (1.0–3.0)
Digital pressure 2.0 1.9 ± 1.0 (0.0–3.0)

OSDI score 20.5 22.4 ± 16.6 (0.0–79.5)
Meibomian gland dropout (%) 13.0 16.1 ± 11.8 (2.5–59.2)

SD, standard deviation; OSDI, ocular surface disease index.

TABLE 2. Summary of Antares topographer measurements.

Parameters Median Mean ± SD (Range)

NIF BUT (sec) 4.2 5.0 ± 3.4 (1.1–15.0)
Tear meniscus height (mm)
Center 0.2 0.2 ± 0.1 (0.1–0.5)
Nasal 0.2 0.3 ± 0.1 (0.1–0.5)
Temporal 0.2 0.2 ± 0.1 (0.1–0.5)
Average 0.2 0.2 ± 0.1 (0.1–0.5)
SD 0.0 0.0 ± 0.0 (0.0–0.1)

Meibomian gland dropout (%) 16.0 21.4 ± 16.3 (1.5–69.1)

SD, standard deviation; NIF BUT, non-invasive first break-
up time.
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4.3 ± 2.1 seconds (0.0–13.0 seconds). Schirmer 1 test
showed 13.5 ± 9.7 mm on average. The results ranged
from 2.0 mm to 35.0 mm. When lid margin abnorm-
ality was examined and graded, the average score
was 2.2 ± 1.1 points for the patient population
(0.0–4.0 points). The meibomian gland function was
evaluated through meibum quality, expressibility and
digital pressure. The quality was 12.5 ± 4.4 points
(6.0–24.0 points); the expressibility was 2.0 ± 0.9
points (1.0–3.0 points); and the digital pressure was
1.9 ± 1.0 points (0.0–3.0 points). The OSDI score was
22.4 ± 16.6 points. The score ranged from 0 to 79.5.

Correlations between Parameters

The correlations between clinical measurements and
outputs of the Antares topographer were analyzed
(Table 3). The correlation between FBUT and NIF BUT
from the Antares topographer reached a statistical sig-
nificance (Pearson r = 0.538,P = .001; Figure 1a). TheMG
dropout calculated from the infrared images provided
by the Antares topographer also significantly correlated

with that from the LipiView interferometer (Pearson
r = 0.446, P = .009; Figure 1b). When the differences of
the two techniques were plotted against the averages
(Figure 2), the Antares NIF BUT and FBUT were in
agreement with one another (95% limits of agreement
(LOA) −5.04 ± 6.37, P = .198; Figure 2a). The Bland-
Altman plot also indicated that the infrared images
from the Antares topographer may be used inter-
changeably with those from the LipiView interferom-
eter for the approximation of gland dropout (95% LOA
−0.25 ± 0.35, P = .073; Figure 2b). No significant correla-
tionswere found for Antares NIF BUT, TMH,MGdrop-
out against clinical measurements such as Schirmer test
score, lid margin abnormality, meibum quality and
OSDI score.

DISCUSSION

The current study investigated the clinical accuracy
and utility of the Antares topographer in quantifica-
tion and diagnosis of the DED. The results of our
analyses showed that the Antares topographer gave

TABLE 3. Correlations of Antares parameters to clinical measurements.

Antares
measurements TBUT Schirmer

Lid margin
abnormality

Meibomian gland

OSDI
LipiView MG

dropoutQuality Expressibility
Digital
pressure

NIF BUT r = 0.538 r = 0.204 r = −0.050 r = 0.108 r = 0.159 r = −0.068 r = −0.305 r = 0.020
p=.001 p=.254 p=.781 p=.548 p=.385 p=.711 p=.085 p=.912

Tear meniscus
height

r = −0.219 r = −0.145 r = 0.143 r = 0.298 r = 0.052 r = 0.113 r = 0.050 r = −0.040
p=.207 p=.406 p=.412 p=.082 p=.772 p=.523 p=.776 p=.821

MG dropout r = 0.084 r = 0.110 r = 0.220 r = 0.208 r = 0.043 r = 0.077 r = 0.101 r = 0.446
p=.637 p=.536 p=.211 p=.237 p=.813 p=.670 p=.569 p=.009

TBUT, tear break-up time; OSDI, ocular surface disease index; MG, meibomian gland; NIF BUT, non-invasive first break-up time.
r = Pearson’s correlation coefficient
A p-value <.05 was considered statistically significant.

FIGURE 1. Scatterplots of BUT and MG dropout. A scatterplot between the NIF BUT obtained with the Antares topographer and
FBUT (a). A scatterplot of the percentage dropout detected with Image J from infrared images of the Antares topographer and
LipiView interferometer (b). Solid black lines indicate the regression. A p-value <0.05 was considered statistically significant.
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a consistent output of NIF BUT, TMH and meibomian
gland imaging. Based on the correlation analyses, we
found that the NIF BUT and percentage area of gland
dropout obtained by the Antares topographer also
had statistically significant correlations with FBUT
and dropout calculated from the images of the
LipiView interferometer, respectively.

The results of our current study demonstrated that
the NIF BUT obtained with the new corneal topogra-
pher was positively correlated with BUT obtained
with fluorescein, where the correlation coefficient
was 0.538 (P = .001). The results of the Bland-
Altman plot also confirmed the clinical applicability
of NIF BUT of the Antares topographer in place of the
FBUT. While the NIF BUT did show correlations with
FBUT in our study, the correlation between NIF BUT
and OSDI scores did not reach a statistical signifi-
cance. Studies on the association between BUT and
dry eye symptoms have put forth different results.
Similar to our own, some studies have also shed
light on the lack of association between BUT and
dry eye symptoms. Abdelfattah et al. have previously
demonstrated that NIF BUT obtained with Oculus
Keratograph 5 M did not differ significantly between
the ocular surface disease group and the control.12

Other studies on similar commercial devices, how-
ever, have found correlations between the NIF BUT
with dry eye symptoms.13 For instance, Fuller et al.
have demonstrated that the NIF-BUT values obtained
with Keratograph 4 were negatively correlated with
the OSDI scores.14 Although its role in predicting dry
eye symptoms requires further studies, the detection
of BUT by non-invasive means such as the Antares
topographer nonetheless offers several advantages
over BUT measured with fluorescein. Not only does
it circumvent invasive clinical tests, the assessment of
the corneal surface by illuminating mires allows the
assessment of the entire cornea.15,16 The lack of varia-
bility in the concentration and amount of the dye
installed in the fornix improves the accuracy and

repeatability of the result.17 The measurement by non-
invasive means also provides results unaffected by
reflex tearing. Based on our study, the Antares topo-
grapher can be used for reliable measurements of
tear-film break-up time in a clinical setting.

In the present study, the infrared images from the
Antares topographer were compared against the
LipiView scans, and the dropout of MG, defined as
the ratio of the gland loss area to the total palpebral
conjunctival area, was found to be significantly corre-
lated (r = 0.446, P = .009) with one another. In contrast
to previous reports that showed correlations with the
symptom scores and meibum quality,11,18 however,
the dropout calculated from images of the Antares
topographer did not present any correlations with
clinical parameters in our study. The insignificant
results from correlation analyses may be explained
partly by poorly standardized clinical techniques in
assessing the gland function. For example, the force
with which digital pressure should be applied and
subjective assessment of secreted meibum may not
have been consistent.18,19 Many investigators also
have argued for modification of the definition of the
dropout itself, such as counting the number of partial
glands or limiting the scope to the central lid, in order
to account for some of the conjunctival areas that may
have never had any glands at all.5,20,21 In addition, the
differences in the quality of the obtained images may
have affected dropout calculations. The poorer con-
trast, lighter background and greater reflections of the
Antares images did make evaluations more difficult.
In fact, starker contrasts and clearer distinction of
gland margins of the LipiView scans have been
pointed out by other studies in the past.5 Despite the
superiority of LipiView in image quality, however,
this study, too, was unsuccessful in establishing cor-
relations between the percentage dropout and clinical
signs such as erythema and meibum secretion. The
repeated failure of correlations by multiple studies,
including our own, suggests that ocular surface

FIGURE 2. Bland-Altman plots of BUT and MG dropout. The Bland-Altman plots calculated interchangeability between the NIF BUT
from the Antares topographer and clinically acquired FBUT (a), and between the percentage area of dropout from the infrared images
of the Antares topographer and LipiView interferometer (b).
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factors other than impaired gland function exist in
generating symptoms of DED. As the assessment of
the glands has so far been limited to two-dimensional
imaging, modalities that better reflect their function
and explain symptoms need to be developed in the
future for a comprehensive assessment of MG in the
DED.

The Antares topographer was able to measure the
TMH at three different locations along the lower lid
margin. Increasingly, the measurements of tear
meniscus are gaining attention in the study of DED.
This is because studies over the years have shown
that the TMH reflects the severity of DED.22–24 In
addition, the TMH is thought to reflect real-time
changes of the ocular surface in response to different
artificial tear drops.25 Studies, especially those that
assessed tear meniscus with optical coherence tomo-
graphy, have shown that statistically significant cor-
relations exist between tear meniscus height, volume
and area with TBUT and Schirmer test.22,26 In our
study, we have attempted to find whether TMH
obtained with the Antares topographer had any
meaningful correlations with other clinical para-
meters, but with no success. There may be several
possible explanations for the unforeseen results.
First, the measurements of heights by taking images
like the Antares topographer are affected by the time
points at which images are taken in relation to
blinking.27 The relevant literature states that the
height increases by approximately 10% immediately
after blinking.28 Second, the lid morphology such as
the palpebral aperture, lid length and lid-parallel con-
junctival folds (LIPCOF) may have affected tear
distribution.29,30 Third, Schirmer test has low repro-
ducibility in part due to the invasive nature of the
study that induces reflex tear secretion.31,32 More
importantly, the topographer must be applied to
a greater number of patients to confirm the applic-
ability of TMH measurements in DED diagnosis.

There are several limitations that should be consid-
ered in interpreting the results of our study. First, the
relatively small number of patients included in the
study may have affected the results. However,
a retrospective calculation of the post-hoc power based
on the assumption of a type I error equal to 0.05
revealed that the main outcome of the study – BUT
andMGD – had sufficient powers. The required sample
sizes for reliable outcomes were 22 and 34, respectively.
Nonetheless, the results should be confirmed with
a larger number of patients. The study subjects were
also homogenous, consisting only of the Korean popu-
lation. Second, the populationwas not classified accord-
ing to the severity of dry eye disease and clinical
parameters were not compared among different sever-
ity groups. Third, no other non-invasive BUT measure-
ments were performed other thanAntares topographer.
Despite the limitations, we believe that our results

showed a clear correlation between clinical parameters
of dry eyes and the outputs of the Antares topographer
to validate its use in a clinical setting. In conclusion, the
Antares topographer provided a reliable and compre-
hensive review of ocular parameters, including NIF
BUT, TMH and infrared images of the meibomian
glands. The NIF BUT and MG dropout showed signifi-
cant correlationswith FBUT and images of the LipiView
interferometer. However, concurrent clinical examina-
tions are recommended for thorough clinical assess-
ments of dry eye disease.
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ABSTRACT

Purpose: To investigate the aqueous humor and serum levels of selected cytokines and vascular endothelial
growth factor (VEGF) in diabetic patients, implicating their role in the pathogenesis of diabetic eye
complications.
Materials and methods: Atotal of 65 patients (27 males and 38 females) who underwent cataract surgery were
recruited into the study. The study group consisted of 30 cataract patients with type 2 diabetes mellitus, and
this group was divided into two subgroups: 14 patients with diabetic retinopathy (DR group) and 16 patients
without DR (NDR group). The control group consisted of 35 non-diabetic cataract subjects.
Results: Patients in the DR group had significantly higher aqueous humor concentrations of interleukin (IL)-1β,
IL-6, IL-8, IL-10, monocyte chemotactic protein (MCP-1) and VEGF. Likewise, serum concentrations of IL-1β,
IL-6, IL-8, IL-12, TNF-α and IFN-γ were significantly higher in the DR group as compared to the controls.
Aqueous humor concentrations of IL-1β, IL-8, MCP-1 and VEGF were significantly higher in the DR group as
compared with the NDR group.
Conclusion: Our findings support the hypothesis that chronic inflammation and a disturbance of the immune
system play important roles in the pathogenesis of diabetic cataract and DR.

Keywords: cataract, diabetic retinopathy, cytokines, aqueous humor, serum

INTRODUCTION

The prevalence of diabetes mellitus (DM) and its
associated complications is increasing and has an
alarming rate in both developed and developing
countries. Cataract, diabetic retinopathy (DR) and dia-
betic macular edema (DME) are the most frequent
diabetes-related eye complications and major causes
of visual impairment.1 According to recent reports,
chronic inflammation is an important pathogenetic
mechanism that contributes to the development and
progression of DR.2 Previous studies have shown that
increased concentrations of inflammatory cytokines in
diabetic eyes may lead to microvascular occlusion and
breakdown of the blood-retinal barrier, followed by

vascular leakage, capillary nonperfusion and
neovascularization.3,4 Because of this, most published
studies on cytokine profiles in the serum, aqueous
humor (AH) and vitreous were performed in diabetic
patients who had DR and DME.5–9

Cataract is among the earliest complications, and it
occurs 2–5 timesmore frequently in patients with DM.10

The pathogenesis of diabetic cataracts is still not fully
understood. Several different pathogenetic mechanisms
have been proposed, including increased osmotic stress
caused by activation of the polyol pathway, non-
enzymatic glycation of lens proteins and increased oxi-
dative stress.11 Higher concentrations of inflammatory
cytokines, such as interleukin (IL)-1, IL-6, IL-8, IL-12,
vascular endothelial growth factor (VEGF) and
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monocyte chemotactic protein-1 (MCP-1) have been
found in aqueous humor samples of patients with dia-
betic cataract.1,5–8 In addition, higher concentrations of
MCP-1, VEGF, IL-8 and tumor necrosis factor-alpha
(TNF-α) were detected in serum samples of cataract
diabetic patients.1,12,13 However, it is not fully eluci-
dated whether high concentrations of inflammatory
cytokines in diabetic eyes are the result of intraocular
inflammation or infiltration through the disrupted
blood-eye barrier. Despite these findings, there is
a relatively small number of studies in which aqueous
and serum levels of cytokines were measured in dia-
betic cataract patients with and without DR.

So, the aim of our study was to determine the
concentrations of selected cytokines, such as IL-1β,
IL-6, IL-8, IL-10, IL-12, MCP-1, TNF-α and interferon-
gamma (IFN-γ), and VEGF in aqueous humor and
serum of type 2 DM (T2DM) patients who underwent
cataract surgery, implicating their role in the patho-
genesis of diabetic eye complications.

MATERIALS AND METHODS

Subjects

A total of 65 cataract patients (27 males and 38 females)
who underwent cataract surgery (phacoemulsification)
from March 2018 to March 2019 at the Eye Clinic of the
University Hospital Center Mostar were recruited into
the study. The study group consisted of 30 cataract
patients with T2DM, and this group was divided into
two subgroups: 14 patients with DR (DR group) and 16
patients without DR (NDR group). The control group
consisted of 35 non-diabetic cataract subjects who were
matchedwith diabetic patients according to sex and age
(± 2 years). Participants with glaucoma, history of ocu-
lar inflammation or ocular surgery, and any other ret-
inal or optic nerve pathology other than DR and
systemic inflammatory diseases were excluded from
the study. Other ocular exclusion criteria for diabetic
patients were previous steroid or anti-VEGF injections
and argon laser photocoagulation in the last 6 months.
The study was approved by the Ethics Committee of
University Hospital Center Mostar and was performed
in accordance with the Declaration of Helsinki. Written
informed consent was obtained from all patients prior
to their participation in the study.

Procedures

Before cataract surgery, all participants underwent
complete ophthalmological examination, including
assessment of best-corrected visual acuity using
a logarithm of the mild angle of resolution (LogMAR)
charts, measuring of intraocular pressure (IOP) using

a Goldmann applanation tonometer, slit-lamp biomi-
croscopic examination of the anterior eye segment, fun-
dus examination in mydriasis and central foveal
thickness (CFT) and total macular volume (TMV) mea-
surements using spectral-domain, high-definition opti-
cal coherence tomography (SD-OCT; Copernicus,
Reichert Inc., USA). The presence of DR was diagnosed
according to the results of indirect ophthalmoscopy and
fundus camera (Carl Zeiss Mediatec, Jena, Germany).
Hypertensionwas defined as a systolic blood pressure >
140 mmHg and/or diastolic blood pressure >
90 mmHg. Preoperative systemic examination, blood
pressure measurement and routine blood analysis,
including glycated hemoglobin (HbA1c), fasting blood
glucose and C-reactive protein (CRP), were performed
for all participants before cataract surgery.

Sample Collection

Aqueous humor samples were collected at the begin-
ning of cataract surgery through anterior chamber para-
centesis with the 26 G needle of a tuberculin injector.
After collection of 0.1–0.15ml of aqueous humor, sam-
ples were immediately transported in a sterile plastic
tube and frozen at −80 °C until final analysis. In the
morning, before cataract surgery, peripheral blood sam-
ples were drawn from each participant by cubital veni-
puncture and sent to the laboratory for analysis. After
separation, serum samples were stored at –80 °C until
final analysis. The aqueous humor and serum concen-
trations of IL-1β, IL-6, IL-8, IL-10, IL-12, MCP-1, IFN-γ
and TNF-α were measured by performing cytometric
bead array technique with the Human Inflammation
Multiplex Immunoassay Core Kit (No ab213391,
Abcam, Cambridge, UK) according to the manufac-
turer’s instructions (Life Technologies, Carlsbad, CA,
USA). The concentration of VEGF in the aqueous
humor was determined with a commercially available
enzyme-linked immunosorbent assay (ELISA) kit
(Human VEGF ELISA Kit, No ab100663, Abcam,
Cambridge, UK). The sensitivities and dynamic ranges
for investigated cytokines are as follows: 1.2 pg/ml (4,-
57–10,000 pg/ml) for IL-1β, 8.86 pg/ml (4,57–10,000 pg/
ml) for IL-6, 0.31 pg/ml (1.52–3,333 pg/ml) for IL-8,
2.58 pg/ml (4.57–10,000 pg/ml) for IL-10, 2.43 pg/ml
(1.52–10,000 pg/ml) for IL-12, 1.0 pg/ml (1.52–-
3,333 pg/ml) for MCP-1, 1.73 pg/ml (4.57–10,000 pg/
ml) for TNF-α, 3.6 pg/ml (4.57–10,000 pg/ml) for IFN-γ
and 10 pg/ml (8.23–6000 pg/ml) for VEGF.

Statistical Analysis

Data were analyzed using the Statistical Package for
the Social Sciences for Windows (SPSS version 20.0,
IBM Corp., Armonk, N.Y., USA). The Chi square test
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was used to test the significance of differences
between categorical variables. The Shapiro-Wilk test
was used to check the normality of non-categorical
variables. The mean, standard deviation, t-test for
independent samples and ANOVA test were used
for normally distributed variables, while the median,
interquartile range, Mann-Whitney U test and
Kruskal-Wallis H test were used for variables that
were not normally distributed. The correlations
between study parameters were analyzed by
Spearman’s correlation coefficient. The level of statis-
tical significance was set at p < .05.

RESULTS

Demographic, clinical and biochemical characteristics
of subjects in the DR, NDR and control groups are
shown in Table 1. There were no significant differ-
ences between the three groups of patients with
respect to age (p = .082), sex (p = .567), systolic
(p = .956) and diastolic blood pressures (p = .958).

There were no significant differences between the
NDR and DR groups considering the duration of
DM (p = .355), HbA1c (p = .377) and fasting blood
glucose level (p = .371). Diabetic cataract patients,
both in the NDR and DR groups, had a significantly
higher CFT value in comparison to the control group
(p < .001), while the subjects in the DR group had
a significantly higher TMV value as compared to
those in the control group (p < .001).

Figure 1 shows that concentrations of IL-6 were
significantly higher in the aqueous humor (p = .037)
and serum (p = .027) of patients with DR in compar-
ison to that of the control group. Concentrations of IL-
6 in the aqueous humor and serum of DR patients
were higher in comparison to the NDR group, but
without statistical significance (p = .355 for both com-
parisons). Furthermore, the aqueous humor level of
VEGF was significantly higher in the DR group in
comparison to the NDR and control groups (p = .012,
Figure 2).

The levels of IL-1β, IL-8, IL-10, IL-12, MCP-1, TNF-
α and IFN-γ in the aqueous humor and serum are

TABLE 1. Demographic, clinical and biochemical characteristics of patients.

Variable
Control group

(n = 35)
NDR group
(n = 16)

DR group
(n = 14) p Significant difference between groups

Age (years) 69,9 (4,7) 71,9 (6,7) 73,2 (5,1) 0.082A

Female/Male 20/15 11/5 7/7 0.567B

SBP>130 mmHg 21/35 10/16 8/14 0.956B

DBP >80 mmHg 14/35 6/16 5/14 0.958B

Duration of diabetes (years) 8.5 [9.0] 10.0 [9.0] 0.355D

Fasting blood glucose level (mmol/L) 5.7 [1.1] 8.3 [3.0] 10.2 [4.6] 0.371 C

HbA1 c (%) 6.9 [1.5] 7.2 [1.3] 0.377D

CRP (mg/L) 1.2 [1.6] 1.1 [1.8] 2.6 [2.8] 0.216 C

CFT (μm) 213.0 [44.0] 262.5 [64.0] 271.0 [130.0] <0.001 C NDR-ControlD

DR-ControlD

TMV (mm3) 6.8 (0.7) 7.1 (0.5) 8.2 (1.7) <0.001A DR-ControlD

The results are expressed as m/n, M (SD) or C [IQR]
AANOVA; BChi-square test; CKruskal-Wallis H Test; DMann-Whitney U test
NDR group = type 2 diabetic subjects without diabetic retinopathy; DR group = type 2 diabetic subjects with diabetic retinopathy;

SBP = systolic blood presure; DBP = diastolic blood pressure; HbA1 c = glycated hemoglobin; CRP = C-reactive protein, CFT = central
foveal thickness; TMV = total macular volume

FIGURE 1. Aqueous humor (A) and serum (B) concentrations of interleukin (IL)-6.NDR group = type 2 diabetic subjects without
diabetic retinopathy; DR group = type 2 diabetic subjects with diabetic retinopathy.
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summarized in Table 2. The DR patients had signifi-
cantly higher concentrations of IL-1β (p < .001), IL-8
(p < .001), IL-10 (p = .001), MCP-1 (p = .005) and VEGF

(p = .003) in their aqueous humor in comparison to
the NDR and control groups. In parallel, serum con-
centrations of IFN-γ (p = .001), IL-1β (p = .009), IL-6

FIGURE 2. Aqueous humor concentration of vascular endothelial growth factor (VEGF).NDR group = type 2 diabetic subjects
without diabetic retinopathy; DR group = type 2 diabetic subjects with diabetic retinopathy.

TABLE 2. Aqueous humor and serum levels of the assayed cytokines.

Control
Group
(n = 33)

NDR
Group
(n = 15)

DR
Group
(n = 13) PA Significant difference between groupsB

Aqueous humor concentrations
IL-1β 4.2 [1.2] 4.6 [2.0] 6.9 [4.5] <0.001 NDR-Control

DR-Control
NDR-DR

IL-8 69.2 [69.6] 69.3 [91.4] 263.7 [232.0] <0.001 DR-Control
NDR-DR

IL-10 0.6 [2.6] 2.8 [5.4] 4.4 [4.6] 0.001 NDR-Control
DR-Control

IL-12 39.4 [66.5] 27.8 [90.9] 52.1 [81.7] 0.946 -
MCP-1 1404.7 [294.1] 1393.5 [300.7] 2250.0 [2232.0] 0.005 DR-Control

NDR-DR
Serum concentrations
TNF-α 50.7 [12.5] 54.3 [11.2] 57.7[21.8] 0.011 NDR-Control

DR-Control
IL-1β 16.4 [1.5] 17.0 [3.7] 18.6 [3.6] 0.009 DR-Control
IL-8 27.7 [16.0] 30.6 [24.3] 39.8 [14.5] 0.046 DR-Control
IL-10 0 [1.1] 3.5 [4.8] 4.8 [7.8] <0.001 NDR-Control

DR-Control
IL-12 2.8 [9.0] 6.2 [10.8] 14.4 [7.7] 0.005 DR-Control

NDR-DR
MCP-1 265.5 [129.8] 336.4 [103.1] 338.8 [281.3] 0.169 -
IFN-γ 2.9 [14.7] 27.8 [45.9] 56.8 [41.9] 0.001 NDR-Control

DR-Control

The results are expressed as C[IQR]
AKruskal-Wallis H Test; BMann-Whitney U test
NDR group = type 2 diabetic subjects without diabetic retinopathy; DR group = type 2 diabetic subjects with diabetic retinopathy;

IL = interleukin; MCP-1 = monocyte chemotactic protein; VEGF = vascular endothelial growth factor; IFN-γ = interferon gamma;
TNF-α = tumor necrosis factor alpha
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(p = .027), IL-8 (p = .046), IL-10 (p < .001), IL-12
(p < .005) and TNF-α (p = .011) in the DR patients
were significantly higher than that of those in the
control group. Levels of TNF-α and IFN-γ in the aqu-
eous humor samples of all diabetic patients and con-
trols were below the detection limit of the assay.

There was significant correlation between the aqu-
eous humor concentration of IL-6 and CFT in the DR
group (Table 3). There was also significant correlation
between the aqueous humor concentration of IL-1β
and HbA1c in the NDR group (Table 4).

DISCUSSION

The role of inflammatory mediators in the development
and progression of most common diabetic eye compli-
cations, such as cataract, DR andDME, has been studied
for a long time. Inflammatory cytokines have been
investigated in the tears14 aqueous humor1,5–8 and vitr-
eous of diabetic patients.15,16 Their importance in the
pathogenesis of different stages of DR has been sug-
gested by many authors. Furthermore, chronic hyper-
glycaemia-induced inflammation can be a critical
contributing factor in the pathogenesis of DR.17 The
production of inflammatory cytokines in aqueous
humor of patients with diabetic cataract and DR may

be induced locally by inflammatory cells, such as resi-
dent macrophages, fibroblasts and infiltrating
leukocytes.18 However, elevated levels of the same
mediators have also been found in the serum, support-
ing the possibility that inflammatory cytokines are not
produced only locally in diabetic patients. According to
some research, the breakdown of the blood-retinal bar-
rier in DR facilitates the leakage of serum proteins and
othermolecules and their passage from the bloodstream
to the intraocular fluid.13 Therefore, we measured the
concentrations of selected cytokines and VEGF in aqu-
eous humor and serum of diabetic cataract patients.

VEGF is an important mediator of microvascular
complications of T2DM that causes angiogenesis and
increased vascular permeability. Several clinical stu-
dies have shown a strong correlation between
increased levels of VEGF and development of DR7,19

and DME.9,12,20,21 According to Mitrovic et al1 and
Cheung et al7, the aqueous humor level of VEGF
was higher in diabetic cataract patients with or with-
out DR as compared to the senile cataract group. In
our study, the VEGF concentration in aqueous humor
was significantly higher in the DR group as compared
to the NDR and control groups, implicating its role in
the progression of DR.

IL-6 is an inflammatory cytokine that is up-regulated
early in inflammation22, and a previous study showed
that IL-6 is involved in the breakdown of the blood-

TABLE 3. Correlation between the aqueous humor levels of cytokines and CFT.

CFT

Control group NDR group DR group

IL-1β Spearman’s rho −0.035 −0.009 0.302
Sig. (2-tailed) 0.848 0.974 0.316
N 33 16 13

IL-6 Spearman’s rho −0.148 −0.339 0.791**
Sig. (2-tailed) 0.428 0.257 0.004
N 31 13 11

IL-8 Spearman’s rho 0.321 −0.455 0.242
Sig. (2-tailed) 0.064 0.077 0.426
N 34 16 13

IL-10 Spearman’s rho −0.318 −0.326 0.236
Sig. (2-tailed) 0.067 0.217 0.437
N 34 16 13

IL-12 Spearman’s rho −0.321 −0.158 −0.046
Sig. (2-tailed) 0.068 0.574 0.881
N 33 15 13

MCP-1 Spearman’s rho 0.157 −0.401 0.253
Sig. (2-tailed) 0.384 0.139 0.405
N 33 15 13

VEGF Spearman’s rho −0.120 −0.052 0.018
Sig. (2-tailed) 0.513 0.854 0.958
N 32 15 11

* Correlation is significant at the 0.05 level (2-tailed).
** Correlation is significant at the 0.01 level (2-tailed).
CFT = central foveal thickness; NDR group = type 2 diabetic subjects without diabetic retinopathy; DR group = type 2 diabetic

subjects with diabetic retinopathy; IL = interleukin; MCP-1 = monocyte chemotactic protein; VEGF = vascular endothelial growth
factor.
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retinal barrier in patients with DR.23 In our study, con-
centrations of IL-6 in the aqueous humor and serum of
diabetic cataract patients with DR were significantly
higher than those in the control group, suggesting that
inflammation has an important role in the pathogenesis
ofDR and cataracts.24,25 Furthermore, our results showed
significant correlation between the aqueous humor con-
centration of IL-6 and CFT in the DR group. This finding
suggests that IL-6 contributes to the occurrence and pro-
gression of DME, which is in accordance with the study
of Oh et al.26 Besides, we also found up-regulation of the
IL-1β in the aqueous humor and serum samples of
patients with DR. IL-1β is known to induce vascular
dysfunction and cell death with consequent increased
endothelial permeability, which occurs during the pro-
gression of DR.27 Other authors found that elevated
serum28 and aqueous humor8 levels of IL-1β correlated
with the presence and severity of DR. In our study, there
was a significant correlation between the aqueous humor
concentration of IL-1β and serum concentration of
HbA1c in the NDR group. Another study showed sig-
nificant correlation between IL-10 or MCP-1 and HbA1c
in patientswithDR.12 TNF-α is an inflammatory cytokine

produced by monocytes, macrophages and activated
endothelial cells. In the present study, we observed
higher serum TNF-α concentrations in patients with DR
as compared to controls, which is in accordance with the
results of previous studies.29–31 Our results also revealed
that the both CFT and TMV values were significantly
higher in cataract patients with DR as compared to con-
trols. Previous studies reported that elevated levels of IL-
1β, IL-6 andTNF-α correlatedwith the severity ofDR and
the presence of DME.8

Another cytokine investigated in our studywas an IL-
12, which has been hypothesized to have a role in inhibi-
tion of retinal neovascularization.31 It has been found that
the concentration of IL-12 in the aqueous humor was
significantly higher in patients with proliferative DR.6

Our study did not show significant differences between
the groups considering the aqueous humor concentra-
tion of IL-12, while the serum level of IL-12 was signifi-
cantly higher in the DR group as compared to the other
two groups. IL-10 as an anti-inflammatory and anti-
angiogenic mediator is produced by monocytes and
macrophages. Our results showed that the aqueous
humor and serum concentrations of IL-10 were

TABLE 4. Correlation between the aqueous humor/serum levels of cytokines and HbA1 c.

Aqueous humor Serum

HbA1 c NDR group DR group NDR group DR group

TNF-α Spearman’s rho 0.254 0.050
Sig. (2-tailed) 0.343 0.871
N 16 13

IL-1β Spearman’s rho 0.630** 0.091 −0.052 −0.391
Sig. (2-tailed) 0.009 0.757 0.847 0.167
N 16 14 16 14

IL-6 Spearman’s rho −0.331 −0.224 −0.331 −0.224
Sig. (2-tailed) 0.269 0.484 0.269 0.484
N 13 12 13 12

IL-8 Spearman’s rho −0.073 0.042 0.313 −0.209
Sig. (2-tailed) 0.789 0.886 0.238 0.474
N 16 14 16 14

IL-10 Spearman’s rho 0.070 0.084 −0.123 −0.281
Sig. (2-tailed) 0.798 0.774 0.649 0.352
N 16 14 16 13

IL-12 Spearman’s rho 0.157 −0.221 0.031 −0.033
Sig. (2-tailed) 0.576 0.448 0.909 0.914
N 15 14 16 13

MCP-1 Spearman’s rho −0.129 −0.138 −0.105 −0.053
Sig. (2-tailed) 0.647 0.639 0.699 0.864
N 15 14 16 13

VEGF Spearman’s rho −0.025 0.107
Sig. (2-tailed) 0.929 0.742
N 15 12

IFN-γ Spearman’s rho −0.013 0.302
Sig. (2-tailed) 0.961 0.294
N 16 14

* Correlation is significant at the 0.05 level (2-tailed).
** Correlation is significant at the 0.01 level (2-tailed).
HbA1 c = glycated hemoglobin; NDR group = type 2 diabetic subjects without diabetic retinopathy; DR group = type 2 diabetic

subjects with diabetic retinopathy; IL = interleukin; MCP-1 = monocyte chemotactic protein; VEGF = vascular endothelial growth
factor; IFN-γ = interferon gamma; TNF-α = tumor necrosis factor alpha
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significantly increased in the NDR and DR groups as
compared to controls, supporting the results of some
previous research.12,20,32 Nevertheless, Dong et al20

found that the aqueous humor levels of IL-10 decreased
with increasing severity of DR. Lee et al33 reported that
higher serum levels of IL-10 were related to a lower risk
for DR in T2DM patients. MCP-1 has been shown to be
a significant component of the retinal inflammation
induced by diabetes, and its production is increased in
patients with hyperglycemia.34 According to Yoshimura
et al35 elevation of the aqueous humor levels of IL-8 and
MCP-1 in eyeswith less severe stages of DR suggests that
inflammatory changes precede the development of neo-
vascularization in DR. In our study, the aqueous humor
concentrations of IL-8 and MCP-1 were significantly
increased in the DR group as compared to the control
group, which is consistent with previous
reports.7,20,22,36,37 On the other hand, systemic concentra-
tions of these cytokines were not significantly different
among the study groups, suggesting local production of
MCP-1.

In conclusion, our study showed increased aqueous
humor concentrations of IL-1β, IL-6, IL-8, MCP-1 and
VEGF and serum concentrations of IL-1β, IL-6, IL-8, IL-
12, TNF-α and IFN-γ in diabetic cataract subjects. These
findings support the hypothesis that chronic inflamma-
tion and a disturbance of the immune system play
important roles in the pathogenesis of diabetic cataract
and DR. According to the results of our and other
research, it is necessary to carry out further studies to
better understand the relationship between systemic
and local inflammatory mediators in the development
of diabetic eye complications.
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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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ORIGINAL ARTICLE

Multi-parametric magnetic resonance imaging
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study
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ABSTRACT

Background: Multi-parametric MRI used for preoperative assessment of orbital lesions does not routinely
include DCE-MRI, since its accuracy in differential diagnosis of orbital mass is still under debate. Aim of this
study is to characterize orbital lesions by multi-parametric MRI, analysing the incremental predictive value of
DCE-MRI in differential diagnosis of orbital lesions.
Methods: In this prospective triple-blind study, 43 consecutive patients with unilateral orbital lesion under-
went conventional multimodal MRI and DCE-MRI before biopsy in a tertiary referral centre. Pre-operative MRI
examination including conventional unenhanced MRI protocol, DWI with ADC maps, static CE 3D-T1 w and
dynamic CE T1 w sequences, was performed within 1 week from surgery (anterior/lateral orbitotomy
depending on location of the lesion, to carry out incisional/excisional biopsy).
Results: Comparison between conventional T1 w/T2 w, DWI, CE 3D-T1 w and DCE-MRI groups showed
a statistically significant difference in scores distribution (p < .001). Statistically significant difference was found
between conventional T1 w/T2 w and DWI (p < .005), as well as between DWI and CE 3D-T1 w (p < .001).
Conversely, no significant difference was found between CE 3D-T1 w and DCE (p < .005).
Conclusions and Relevance: This study confirmed the positive effect of DWI and CE 3D-T1 w on orbital
lesions diagnosis when added to conventional T1 w/T2 w sequences, whereas no substantial impact on
diagnostic performance was observed with the further addition of DCE-MRI. DCE does not strongly influence
diagnostic performance and inter-rater agreement in characterizing orbital lesions; therefore, it should be
recommended in selected patients whose assessment of flow dynamics is particularly useful for management.

Abbreviations: US = ultrasonography; MRI = magnetic resonance imaging; CT = computed tomography; STIR =
Short-TI Inversion Recovery; DWI = diffusion weighted imaging; DCE-MRI = dynamic contrast-enhancedMRI; SE =
Spin-Echo; TSE = Turbo Spin-Echo; THRIVE = T1-weighted high resolution Isotropic Volume Examination (dynamic
contrast-enhanced ultrafast spoiled gradient echo); ROI = regions of interest; IRR = inter-rater reliability; TIC = time–
intensity curve.

Keywords: diffusion weighted imaging, dynamic contrast enhancement, magnetic resonance imaging, orbital
mass, perfusion

INTRODUCTION

Orbital lesions encompass a broad spectrumof benignant
and malignant space-occupying masses associated with
variable manifestations, the most common of which are

proptosis, diplopia and visual impairment.1,2 Clinical
assessment is crucial to guide the initial differential diag-
nosis and the subsequent instrumental investigations.
The most frequent tools used for imaging of the
orbital lesions are the CT scan and the MRI.3
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Ultrasonography (US) may provide information about
tumour shape, internal reflectivity, and sound attenua-
tion characteristics4-6, however, is operator-dependent
procedure as well is the US with Doppler modality
which may be useful in evaluating the vascular flow of
the lesion.7,8 Magnetic resonance imaging (MRI) is the
mainstay imaging modality for orbital lesions, although
computed tomography (CT) scan has still a relevant role
in the evaluation of calcified/orbital bony lesions, or
when MRI is formally contraindicated.1,9-11

The conventional MRI protocol for the evaluation of
orbital masses usually includes multiplanar T1- and
T2-weighted sequences, Short-TI Inversion Recovery
(STIR) and T1-weighted sequences with fat saturation
obtained after intravenous administration of gadoli-
nium-based contrast media, with a recommended
slice thickness of 2–3 mm.12–14 Diffusion weighted ima-
ging (DWI) has been also integrated in the standard
MRI protocol, due to its pivotal role in differentiating
between benign and malign tumours or inflammatory
and infectious processes on the basis of ADC values.14–
16 Recently, dynamic contrast-enhanced (DCE) MRI,
another non-invasive MRI technique has shown to
improve the characterization of orbital lesions. This
technique allows to obtain specific perfusion para-
meters, reflecting the microcirculatory structure of the
tumour providing more information about tumour
angiogenesis and capillary permeability; all these fea-
tures are known to be related to aggressive behaviour,
tumour grade, and overall prognosis.17 Few studies on
the use of DCE-MRI for orbital lesions, have shown
specific perfusion patterns useful for differentiating
benignant to malignant lesions.17,18 However, the
actual diagnostic and prognostic impact of DCE-MRI
in the assessment of orbital lesions in routinely practice
is still under discussion. Aim of this study is to pro-
spectively evaluate the role of DCE-MRI in diagnostic
assessment of orbital masses, in comparison with rou-
tine MRI sequences conventionally performed for the
study of the orbit.

MATERIALS AND METHODS

Participants, Imaging Acquisition and Data
Interpretation

We prospectively evaluated 43 patients (20 females; 23
males; mean age 47 ± 19) who suffered from acquired
unilateral proptosis, who underwent multi-modal MRI
examination between January 2016 and
December 2018. All patients underwent preoperative
MRI no later than 1 week before orbital biopsy on
a 1.5 T MRI unit (Intera, Philips Medical Systems,
Best, The Netherlands) with an 8-channel head coil.
The imaging protocol consisted of: axial Spin-Echo

(SE) T1 w (TR-600, TE-15, FA-90, 256x256, slice thick-
ness 3 mm); axial and coronal Turbo Spin-Echo (TSE)
T2 w (TR-4400, TE-100, FA-90, 512x512, slice thickness
3 mm); coronal STIR (TR-2650, TE-90, FA-90, 288x288,
slice thickness 3 mm); axial Multi-Shot DWI (TR-3800,
TE-90, FA-90, 128x128, b = 0–800 s/mm2, number of
averages 2, slice thickness 5 mm) with relative ADC
maps calculation; coronal dynamic contrast-enhanced
ultrafast-spoiled gradient echo (THRIVE) (TR-1.772,
TE-1.817, FA-10, 160x160, slice thickness 4 mm) with
relative DCE maps calculation; axial post-contrast 3D
T1 w SPIR (TR-40.374, TE-4.603, FA-30, 256x256, slice
thickness 1.5 mm). ADC maps were obtained by using
the Osirix plugin ADC calculation v1.9 (github.com/
mribri999/ADCmap); DCE maps were obtained by
using the Olea Sphere® software v3.0 (Olea Medical,
La Ciotat, France). Written informed consent was
obtained from all patients included in the study. MRI
evaluation was performed separately by three different
neuroradiologists; all the operators independently
drew regions of interest (ROIs) for ADC and DCE
calculation. All observers were asked to make
a diagnosis based on SE T1 w, TSE T2 w and STIR
sequences, and assess whether DWI and relative ADC
maps modify their original hypothesis as well as post-
contrast T1 w SPIR, dynamic contrast-enhanced
THRIVE and relative DCE maps. Final diagnosis was
confirmed on tissue-biopsy pathological examination:
31 cases resulted benign; distributed as follow: vascu-
lar (n = 8; Figure 1), inflammatory/infectious (n = 15;
Figure 2) neoplastic benign (n = 8; Figure 3) while 12
resulted malignant (Figure 4). Results of histological
specimen examination are listed in Table 1.

Statistical Analysis

At each observer for every step of the MRI evaluation
has been attributed a value of 1 for the correct diag-
nosis and 0 for the incorrect diagnosis; for each
patient, the final score was given by the sum of the
three observers’ scores. The proportion of correct
observations for every case at each step of MRI eva-
luation is graphically represented as a percentage
component bar chart in Figure 5.

Upon completion of study data collection,
a Friedman’s test was then carried out on obtained
scores to determine if there were differences in diag-
nostic performance among conventional T1 w/T2 w,
DWI, CE 3D T1 w and DCE. A subsequent post-hoc
analysis to assess which pairs of groups were signifi-
cantly different then each other was performed by
using Wilcoxon signed-ranks tests for pairwise com-
parisons. Finally, Fleiss’ kappa statistics was used to
compute the inter-rater reliability (IRR) among the
three observers for each step of the MRI evaluation.
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RESULTS

Comparison between conventional T1 w/T2 w, DWI,
CE 3D T1 w and DCE groups obtained using

Friedman’s test showed a statistically significant dif-
ference in the scores distribution (X2 r statistic:
22.6674, degrees of freedom: 3, p = .00005, p < .001).
Wilcoxon signed-rank test post-hoc was used to

FIGURE 1. Right orbit hemolymphangioma with associated exophthalmos in a 16-years-old girl.MRI at the most representative
levels: coronal (a) and axial (b) TSE T2 w; axial Msh-DWI (c); axial unenhanced SE T1 w (d); coronal THRIVE and overlaid perfusion
colorimetric map, with relative TIC from region of interest within the lesion (e); axial post-contrast 3D T1 w SPIR.

FIGURE 2. Right orbital cellulitis with multiple abscesses due to S. aAureus infection in a 26-years-old man.MRI at the most
representative levels: coronal (a) and axial (b) TSE T2 w; axial Msh-DWI (c); axial unenhanced SE T1 w (d); coronal THRIVE and
overlaid perfusion colorimetric map, with relative TIC from region of interest within the lesion (e); axial post-contrast 3D T1 w SPIR.
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evaluate the intergroup variation: a statistically sig-
nificant difference was found between conventional
T1 w/T2 w and DWI (p = .00169, p < .005), as well as

between DWI and CE 3D T1 w (p = .00032, p < .001).
Conversely, no significant difference was found
between CE 3D T1 w and DCE (p = .53517,

FIGURE 3. Left orbit rapidly growing meningioma with associated exophthalmos in a 60-years-old woman.MRI at the most
representative levels: coronal (a) and axial (b) TSE T2 w; axial Msh-DWI (c); axial unenhanced SE T1 w (d); coronal THRIVE and
overlaid perfusion colorimetric map, with relative TIC from region of interest within the lesion (e); axial post-contrast 3D T1 w SPIR.

FIGURE 4. Right orbit B-cell non-Hodgkin lymphoma in a 64-years-old woman.MRI at the most representative levels: coronal (a) and
axial (b) TSE T2 w; axial Msh-DWI (c); axial unenhanced SE T1 w (d); coronal THRIVE and overlaid perfusion colorimetric map, with
relative TIC from region of interest within the lesion (e); axial post-contrast 3D T1 w SPIR.
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p < .005). Above-described results are summarized in
Table 2.

When testing for IRR with Fleiss’ Kappa statistics,
agreement improved from 0.63 to 0.68 by adding DWI
to conventional T1 w/T2 w sequences, and from 0.68
to 0.82 by adding CE 3D T1 w to DWI + conventional
T1 w/T2 w sequences, whereas no change occurred
by adding DCE evaluation (0.82). IRR reliability in the
four sub-groups is summarized in Table 3.

DISCUSSION

The wide range of structures present within the orbit
is often the site of origin of various tumours and
tumour-like conditions, both in adults and children
which are a common indication for the radiological
evaluation of the orbit.19 Knowledge of the clinical
presentation and patient age helps to limit the differ-
ential diagnosis and to determine the appropriate

TABLE 1. Results of histopathology specimens examinations.

Classification Histopathological Diagnosis N

Infective/
Inflammatory

Cholesterinic granuloma 1
Mucocele 1
Immunoglobulin IGG4-related
ophthalmic disease

1

Orbital cellulitis 3
Idiophatic orbital inflamation 9

Vascular Cavernous hemangioma 4
Lympho-venous vascular malformation 3

Neoplastic,
benignant

Fibrolipoma 1
Optic nerve glioma 2
Optic nerve meningioma 4
Pleomorphic adenoma of ectopic
lacrimal gland

1

Neoplastic,
malignant

Esthesioneuroblastoma 1
B-cell non-Hodgkin lymphoma 7
Granulocitic myeloid sarcoma 1
Orbital metastasis 2
Syringoid carcinoma 1

FIGURE 5. Percentage component bar chart representing the proportion of correct observations at each step of MRI evaluation.Black
square = 0/3; dark grey square = 1/3; light grey square = 2/3; white square = 3/3. v = vascular; i = infective/inflammatory;
n = neoplastic, both benignant and malignant. Non-CE = standard MRI protocol without contrast-enhanced sequences;
DWI = diffusion-weighted imaging; CE = static contrast-enhanced 3D T1 w SPIR; DYN = dynamic contrast-enhanced ultrafast-
spoiled gradient echo.

TABLE 2. Post-hoc Wilcoxon signed-rank test results.

T1 w/T2 w
vs

T1 w/T2 w
+ DWI

T1 w/T2 w
+ DWI

vs
T1 w/T2 w

+ DWI+CE 3D
T1 w

T1 w/T2 w+ DWI
+CE 3D T1 w

vs
T1 w/T2 w+ DWI
+CE 3D T1 w+ DCE

p-value 0.00169 0.00032 0.53517

TABLE 3. Inter-rater reliability (IRR) with Fleiss’ Kappa
statistics.

T1 w/
T2 w

T1 w/T2 w
+ DWI

T1 w/T2 w
+ DWI+

CE 3D T1 w

T1 w/T2 w
+ DWI+

CE 3D T1 w
+ DCE

IRR 0,63 0,68 0,82 0,82
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imaging modality. Cross-sectional imaging is manda-
tory for the detection, characterization, and mapping
of those lesions.

Routinely imaging assessment for orbital lesion lar-
gely relies on the combined use of CT scan and contrast-
enhanced MRI. US and its colour-Doppler application
although non-invasive, with high patient compliance,
no significant contraindication and no exposition to
ionizing radiations are scattered used depending on the
local availability and expertise.20 In recent years,MRI has
become the benchmark for the assessment of orbital
lesion, particularly to study the shape, the extension,
the involvement of adjacent structures and, eventually
the nature; the latter is based on the high tissue resolution
and on the multi-parametric evaluation of tissue
features.21,22 On conventionalMRI, there are several ima-
ging clues that can help in distinguishing between
benign lesions and possible malignancy, such as shape
and margins, homogeneity on T1 w and T2 w imaging,
pattern of enhancement after contrast media administra-
tion. A well-circumscribed mass with regular margins
and no evidence of bone destructionmight be suggestive
of a benign lesion, whereas irregular shape, infiltrative
appearance, perineural invasion and bone infiltration
might indicate of an aggressive behaviour.10,21,22

However, inmany cases, a final diagnosis can be reached
only after fine-needle aspiration or open biopsy because
of the absence of specific MRI features or the presence of
atypicalfindings.23–27 In recent times, in order to imporve
the differential diagnosis flow-chart, new and more
advanced techniques have been introduced.28,29 It has
been demonstrated that the use of advanced MRI ima-
ging such as DWI with relative ADC maps and DCE
perfusion imaging in head and neck surgery may add
crucial information in therapeutic planning and patient
management.14,30,31

DWI is known to be restricted in malignant tumours
due to high cellularity compared to benign neoplastic
and/or inflammatory lesions, whereas is less specific
and pathognomonic in the differential diagnosis
between abscesses and necrotic tumours.14,15,21,32

Sepahdari et al. also proposed reference ADC values
for distinguishing benign from malign orbital lesions,
with a suggested cut-off of 1.0 × 10−3 mm2/s and an
ADC ratio of less than 1.2 × 10−3 mm2/s.15 According to
literature, our study showed that DWI improved diag-
nostic performance when added to un-enhanced T1 w/
T2w sequences (p = .00169), particularly contributing to
the differential diagnosis between necrotic tumours and
infectious-inflammatory lesions. We performed no
quantitative ADC analysis to test the efficacy and the
reproducibility of the proposed ADC range values in
a heterogeneous clinical setting, the diagnostic perfor-
mance was further increased when CE 3D T1 w was
added to conventional T1 W/T2W sequences and DWI
(p = .00032). This result is in linewith previous literature
evidences demonstrating the positive impact of

intravenous contrast media administration in character-
izing orbital masses. In particular, static post-contrast
3D T1w images combinedwith conventional sequences
are demonstrated to implement the identification of
subtle findings and the definition of anatomical rela-
tions with adjacent structures.10

Conversely, the clinical relevance of dynamic
post-contrast T1 w images still remains controver-
sial. Indeed, DCE offers information on the rate of
uptake and clearance of contrast medium, allowing
the extrapolation of information on tissue/tumour
vascularity.14 However, when testing the actual
impact of DCE on diagnostic flow-chart of orbital
masses, we documented no significant difference in
diagnostic performance when DCE was added to
non-contrast and static post-contrast images. In par-
ticular, the interpretation of the time–intensity
curves (TIC) obtained from DCE acquisition as well
as the evaluation of different perfusion patterns,
although confirming the evoked hypothesis, never
modified the primary diagnosis. Although in litera-
ture is reported that DCE has the potential value of
helping in depicting TIC of benign versus malignant
lesions33, in our experience these supplementary
data did not significantly influence the diagnostic
performance; a positive impact on diagnostic confi-
dence was only observed in case of vascular lesions,
when higher accuracy regarding flow dynamics and
pattern of enhancement (i.e. progressive, centripetal,
heterogeneous, etc.) is required.1,9,10,12

These data were further confirmed by IRR showing
a higher agreement among observers when DWI is
added to conventional T1 w/T2 w sequences (0,68),
and a strong improvement when 3D T1 w CE is
included in the protocol (0,82). No further improvement
was obtained when DCE was added to conventional
un-enhanced and static post-contrast sequences evalua-
tion. Therefore, due to time-consuming post-processing
elaboration with dedicated software to obtain TIC and
other perfusion parameters, DCE should not be routi-
nely included in acquisition protocols for orbital masses,
but it should only be employed in selected cases where
flow characteristics can be particularly useful.

This study confirmed the positive effect of the
addition of DWI and CE 3D T1 w sequences on orbital
lesions protocol diagnosis when added to conven-
tional T1 w/T2 w sequences, whereas no substantial
impact on diagnostic performance was observed with
the further addition of DCE-MRI. In particular, when
separately analysing different subgroups (such as
neoplastic, vascular and inflammatory/infectious),
DWI had a greater impact on the correct assessment
of neoplastic lesions (both benignant and malignant)
and infectious/inflammatory diseases, even on the
basis of a simple qualitative analysis. On the other
hand, 3D CE T1 w improved the diagnostic perfor-
mance and confidence in the study and interpretation
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of all the cited categories, with particular reference to
neoplastic disorders.

Although the wide spectrum of disorders included
in our analysis, the main limitation of this study is the
relatively low number of patients for each cluster of
pathology recruited. With this knowledge, it is there-
fore very difficult to draw general conclusions on
a specific subgroup, as well as on different classes of
pathology in each subgroup. In this light, further stu-
dies on larger series are still required, with particular
reference to vascular lesions that were relatively poorly
represented in the sample. Moreover, these results
should be further expanded in patients undergoing
specific therapies, in order to evaluate the possible
role of the above-mentioned sequences in early predic-
tion of treatment response and long-term follow-up.18,33

In conclusion, DWI and T1 3D CE are useful non-
invasive imaging tools for the evaluation of orbital
and anterior visual pathways lesions, helping the
operator in the differential diagnosis of orbital
masses; therefore, their inclusion in the MRI routine
study of orbital lesions should be considered.
Conversely, DCE does not strongly influence diagnos-
tic performance and inter-rater agreement in the
study of orbital lesions, increasing the diagnostic con-
fidence only in case of vascular ones; therefore its use
should be recommended only in selected patients
where the assessment of flow dynamics can be parti-
cularly useful for the therapeutic planning. However,
further prospective studies on larger cohorts are still
required to define the actual impact of dynamic post-
contrast sequences compared to non-contrast and sta-
tic post-contrast images in specific clinical settings,
such as early prediction of treatment response.
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Ocular Hypertension Following Intravitreal Injection
of 0.7mg Dexamethasone Implant versus 2mg

Triamcinolone
Brandon Kuley, Philip P. Storey, Maitri Pancholy , Anthony Obeid, James Murphy, Jake

Goodman, Turner D. Wibbelsman, Carl Regillo, and Allen Chiang

Mid Atlantic Retina, Wills Eye Hospital, Thomas Jefferson University, Philadelphia, PA, USA

ABSTRACT

Background: To compare the incidence and outcomes of ocular hypertension (OHT) after intravitreal injection
of 0.7 mg dexamethasone (DEX) and 2 mg triamcinolone acetonide (IVT).
Methods: In a single-center, retrospective comparative case series, all patients with at least 3 months follow-up
receiving 2 mg IVT 3/1/2012 – 3/1/2017 or 0.7 mg dexamethasone 10/1/2014 – 3/1/2017 were included. Ocular
hypertension was defined as an intraocular pressure (IOP) ≥ 25 mmHg. Patients with a minimum of 3 months
follow-up were included. Patients receiving any other form of topical, oral, or intravitreal steroid were excluded.
Results: 106 eyes in 100 patients receiving IVT and 114 eyes in 102 patients receiving DEX were included. The
mean number of injections was 2.9 for patients receiving IVT and 2.4 for patients receiving DEX (p = .11).
Fourteen eyes (13.2%) in 14 patients receiving IVT developed OHT compared to 17 eyes (15.1%) in 15 patients
receiving DEX (p = .85). All cases of OHT were managed with IOP lowering drops or observation alone.
Conclusions: Rates of ocular hypertension following 2 mg IVT and DEX are similar. All patients developing
OHT were successfully managed without surgical intervention.

Keywords: Dexamethasone, triamcinolone, ocular hypertension, corticosteroids, intravitreal injection

BACKGROUND AND OBJECTIVE

Intravitreal corticosteroid injections are commonly used
to treat macular edema secondary to various retinal
diseases.1–4 Elevated intraocular pressure (IOP), also
known as ocular hypertension (OHT), is a potential com-
plication of corticosteroid use that has been reportedwith
various routes of administration including but not lim-
ited to intravitreal, topical, andperiocular delivery.5,6 The
severity ofOHTmay be influenced by the specific type of
corticosteroid, dose, and route of administration.
Intravitreal triamcinolone acetonide (IVT) and the dexa-
methasone implant (DEX) (Ozurdex, Allergan, Inc.,
Irvine, CA) are two commonly used intravitreal corticos-
teroids with the latter being FDA approved for the treat-
ment of macular edema following central or branch
retinal vein occlusion, diabetic macular edema, and uvei-
tis. Recent studies have suggested lower doses of IVT

may reduce OHT while achieving similar therapeutic
efficacy to higher doses.7,8 The reported rates of OHT
following 2 mg of IVT, as reported in a recent study by
our group.9 and 07mg ofDEX range from approximately
13-38% and 13-33%, respectively.10–13 However, no stu-
dies have directly compared the rates of ocular hyperten-
sion between IVT and DEX. The purpose of our current
study is to compare rates of OHT following 0.7 mg of
DEX and 2 mg of IVT.

PATIENTS/MATERIALS AND METHODS

Inclusion and Exclusion Criteria

Institutional Review Board approval was obtained
for this retrospective review. All patients receiving
2 mg IVT at Mid Atlantic Retina/Wills Eye Hospital
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Retina Service for any retinal pathology between
March 1, 2012 and March 1, 2017 and DEX implant
between June 1, 2014 and March 1, 2017 were iden-
tified through billing data with Healthcare Common
Procedure Coding System (HCPCS) codes J3300
(IVT) and J7312 (DEX). Chart review was used to
collect demographic variables and outcome mea-
sures. Patients with less than 3 months of follow-
up after first DEX implant or 2 mg IVT were
excluded. In an attempt to isolate the effects of
DEX and IVT, patients receiving any topical, perio-
cular, or intravitreal steroid other than 0.7 mg DEX
or 2 mg intravitreal triamcinolone within 3 months
of the first DEX implant or IVT injection or after
DEX or IVT treatment was initiated were excluded.
Baseline IOP was calculated as the mean of the three
most recent IOP measurements of the involved eye
prior to first DEX implant or IVT injection. For
patients who received an injection at their first
visit, the IOP of the involved eye measured at that
visit was considered to be the baseline pressure.

Intravitreal Injection Technique

Intravitreal implant of 0.7 mg dexamethasone
(Ozurdex, Allergan Inc., Irvine, CA, USA) and intravi-
treal injection of 2 mg triamcinolone (Triesence, Alcon
Laboratories) were performed in an office-based set-
ting. A 27- or 30-gauge needle was used to perform
each IVT injection 3.5 mm from the limbus if pseudo-
phakic and 4.0 mm if phakic. The standard injector for
the DEX implant that has a 22-gauge needle was used
to perform each DEX implant 3.5 or 4.0 mm from the
limbus if pseudophakic or phakic, respectively.

Outcomes

The primary outcome of the study was the incidence
of ocular hypertension (OHT), which was defined as
an intraocular pressure (IOP) measurement 25 mmHg
or higher at any follow-up visit after first DEX or first
IVT. Secondary outcomes measures included peak
IOP, elevation in IOP >10 above baseline, and treat-
ment for OHT, either medical or surgical. IOP was
measured with a Tono-Pen XL (Reichert Inc., Depew,
NY). The routine in practice is to confirm any IOP
measured ≥25 mmHg by Tono-Pen XL with
Goldmann applanation.

Statistical Analysis

Demographic, IOP, and treatment data were com-
pared using t-tests. The occurrence of OHT, medical
history, and adverse outcome data were compared

using the chi-square test. All statistical tests were
performed using SPSS, Version 24 (SPSS, Inc.,
Chicago, IL).

RESULTS

Demographics

For the 2mg IVT group, a total of 106 eyes in 100 patients
were included. For the DEX group, a total of 114 eyes in
102 patients were included. Mean patient age was
65.6 years (range 20.0 to 90.0 years) for the dexametha-
sone group compared to 69.0 years (range 33.3 to
97.9 years) for the IVT group (p = .055). A history of
glaucoma was present in 14 patients (12.2%) for the
DEX group compared to 22 patients (20.8%) for the IVT
group (p = .14). Of the 14 patients with a history of
glaucoma receiving DEX, 12 patients had primary open
angle glaucoma (POAG) and 2 had steroid induced glau-
coma. In comparison, of the 22 patients with a history of
glaucoma receiving IVT, 21 patients had POAG and 1
patient had steroid induced glaucoma (p = .55). Mean
duration of patient follow-up was similar between
groups: 17.4 months (range 4.0–45.0 months) for DEX
group and 15.1 months (range 3.0–52.5 months) for the
IVT group (p = .10). Rates of follow-up at 3 months,
6 months, and 12 months were similar between groups
(3 months- IVT: 99.1% vs DEX: 98.2% (p > .99), 6 months-
IVT: 90.6% vs. DEX: 91.2% (p > .99), 12 months- IVT:
57.5% vs. DEX: 65.8% (p = .22)). Overall, eyes received
a mean of 2.4 DEX injections (range 1–10 injections)
compared to 2.9 IVT injections (range 1–17 injections)
(p = .11). Ocular conditions in eyes treated with DEX
implant were diabetic macular edema (52.6%), retinal
vein occlusion (20.1%), uveitis (16.7%), other etiologies
(4.3%), and Irvine-Gass syndrome (3.5%). Ocular condi-
tions in eyes treated with IVT were diabetic macular
edema (40.6%), Irvine-Gass syndrome (25.5%), retinal
vein occlusion (18.9%), other etiologies (11.3%), and uvei-
tis (10.4%).

Incidence of Ocular Hypertension

A total of 17 eyes (14.9%) in 15 patients (Table 1)
developed OHT after DEX implant compared to
a total of 14 eyes (13.2%) in 14 patients after IVT
(Table 2) (p = .85). OHT occurred after a mean of 1.6
DEX implant injections with a median of 1 (range 1–3)
(Table 1) compared to a mean of 2.4 IVT injections
with a median of 1.5 (range 1–9) (Table 2) (p = .16). Of
the 17 eyes with OHT after receiving DEX implant,
ten eyes (58.8%) developed OHT after 1 injection, four
eyes (23.5%) developed OHT after 2 injections, and
three eyes (17.6%) developed OHT after 3 injections.
Of the 14 eyes with OHT after receiving IVT, seven
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eyes (50%) developed OHT after 1 injection, 2 eyes
(14.2%) developed OHT after 2 injections, 3 eyes
(21.4%) developed after 3 injections, 1 eye (7.1%)
developed OHT after 5 injections and 1 eye (7.1%)
developed OHT after 9 injections. The mean peak
IOP in patients developing OHT was 32.2 mmHg
(range 26–48 mmHg) for patients receiving DEX
implant compared to 29.0 mmHg (range
25–38 mmHg) for patients receiving IVT (p = .086).
A total of 8 eyes (7.0% overall) recorded an IOP of
30 mmHg or higher in patients receiving DEX implant
compared to 4 eyes (3.8% overall) in patients receiv-
ing IVT (p = .38). A total of 4 eyes (3.5% overall)

recorded an IOP of 35 mmHg or higher at any follow-
up visit in patients receiving DEX compared to 1 eye
(0.94% overall) in patients receiving IVT (p = .37).
Ocular hypertension occurred within 1 month of
DEX implant in 6 eyes (35.2%) compared to 4 eyes
(28.5%) in patients receiving IVT (p = .70), between
1–2 months of DEX implant in 3 eyes (17.6%) com-
pared with 6 eyes (42.9%) in patients receiving IVT
(p = .23), between 2–3 months of DEX implant in 4
eyes (23.5%) compared to 1 eye (7.1%) in the IVT
group (p = .35), and more than 3 months after DEX
implant in 4 eyes (23.5%) compared to 3 eyes (21.4%)
in patients receiving IVT (p > .99) (Tables 1 and 2).

TABLE 1. Eyes with ocular hypertension following intravitreal injection of 0.7 mg dexamethasone.

Patient
Baseline IOP
(mmHg)

History of
glaucoma

Number of injections
prior to OHT

Time of OHT after
DEX (Months)

Peak IOP
(mmHg) Treatment

1 19 No 2 0.5 27 Brimonidine
2 16 Yes 1 1.0 29 Travoprost, Timolol
3-1 14 No 2 5.6 33 Brimonidine, Timolol
3-2 18 No 2 8.6 26 None
4 16 No 3 2.8 28 Brimonidine
5 22 No 2 2.3 30 Dorzolamide, Brimonidine
6 20 No 1 5.3 42 Lataonoprost, Dorzolamide,

Brimonidine
7 21 No 1 1.2 28 Timolol
8 17 No 1 0.9 31 Dorzolamide, Timolol
9 16 No 1 2.6 28 Brimonidine
10 17 No 1 2.3 38 Lataonoprost, Brimonidine
11 25 Yes 3 0.2 48 Dorzolamide, Timolol,

Bimatoprost
12 15 Yes 3 4.2 28 Dorzolamide, Bimatoprost
13 19 No 1 0.9 38 Brimonidine, Dorzolamide
14 17 No 1 0.9 28 Latanoprost
15-1 13 No 1 1.7 35 Brimonidine, Timolol
15-2 14 No 1 1.7 31 Brimonidine, Timolol

IOP = intraocular pressure; OHT = ocular hypertension; DEX = intravitreal dexamethasone.

TABLE 2. Eyes with ocular hypertension following intravitreal injection of 2 mg triamcinolone.

Patient
Baseline IOP
(mmHg)

History of
glaucoma

Number of injections
prior to OHT

Time of OHT after
IVT (Months)

Peak IOP
(mmHg) Treatment

1 12 No 2 1.8 28 Brimonidine
2 21 No 1 0.8 38 Brimonidine, Timolol, Dorzolamide
3 12 No 1 3.3 25 Observation
4 16 No 3 1.4 32 Brimonidine, Timolol
5 20 No 1 2.6 29 Brimonidine
6 14 No 1 1.7 31 Observation
7 22 No 3 1.9 29 Observation
8 12 No 5 1.9 26 Timolol, Dorzolamide, Bimatoprost
9 15 No 9 4.2 31 Timolol, Dorzolamide
10 10 No 3 3.3 28 Brimonidine
11 20 Yes 1 1.0 28 Timolol, Dorzolamide
12 17 Yes 1 0.3 29 Timolol, Brimonidine (Brinzolamide

at baseline)
13 9 Yes 1 1.0 26 Observation (Timolol, Dorzolamide

at baseline)
14 15 Yes 2 1.8 26 Observation (Timolol, Dorzolamide,

Tafluprost at baseline)

IOP = intraocular pressure; OHT = ocular hypertension; IVT = intravitreal triamcinolone.
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Patients with a History of Glaucoma

Of the fourteen eyes of 14 patients receiving DEX
implant with a history of glaucoma, 3 eyes of 3 patients
(21.4%) developed OHT compared to 22 patients with
a history of glaucoma receiving IVT in which 4 eyes of 4
patients (18.2%) developed OHT (p > .99). In patients
with a history of glaucoma receivingDEX implant, OHT
occurred after a median of 3.0 injections (range 1–3)
with a mean peak IOP of 35.0 mmHg (range
28–48 mmHg) (Table 1) compared to a median of 1.0
injection (range 1–2) with an mean peak IOP of
27.3 mmHg (range 26–29 mmHg) (Table 2) in patients
with a history of glaucoma receiving IVT (p = .22).
Overall, 7 of 36 eyes between both groups with
a history of glaucoma developed OHT compared to 24
of 184 eyes without a history of glaucoma (p = .46).

Treatment

In terms of treatment for OHT, all patients were suc-
cessfully treated to an IOP ≤25 mmHg with topical
medical therapy or observation alone (Tables 1 and 2).
In patients with OHT, IOP lowering drops were used
in 13 eyes receiving DEX implant (76.5%) compared to
9 eyes in the IVT group (64.3%) (p = .69). One eye with
OHT (5.8%) was managed with observation alone in
patients receiving DEX implant compared to 5 eyes in
patients receiving IVT (35.7%) (p = .07). Overall, the
mean duration of OHT before IOP returned
≤25 mmHg was 1.9 months. After OHT was first
noted, twenty-four of 32 eyes (75.0%) achieved IOP
control on the next follow-up visit. Mean duration of
OHT until return to ≤25 mmHg was 1.3 months for
patients receiving IVT compared to 2.4 months for
patients receiving DEX implant (p = .052). No patients
required surgical or laser intervention in either group.

A total of 17 eyes (14.9%) were started on IOP low-
ering medication at any point during the study in
patients receiving DEX implant compared to 21 eyes
(19.8%) in patients receiving IVT (p = .38). Four eyes in
4 patients without OHT were started on IOP lowering
drops in patients receiving DEX implant (3.9%) com-
pared to 8 eyes in 7 patients receiving IVT (7.5%)
(p = .24). The mean IOP at the time of starting IOP
lowering drops was 20.5 mmHg in patients receiving
DEX implant without OHT (range 12–24 mmHg) com-
pared to 18.6 mmHg (range 12–24 mmHg) in patients
receiving IVT without OHT (p = .51).

DISCUSSION

In this study, eyes that received intravitreal injections
of either 0.7 mg DEX or 2 mg IVT had similar rates of
OHT with no statistically significant differences in the

time to OHT or peak IOP. All cases of OHT were
successfully managed with either IOP lowering
drops or observation alone.

We identified OHT in 14.9% of eyes following
0.7 mg DEX, which is similar to other studies that
have reported a range of 13-33%6,10,11,13,14 In one
large retrospective study of 421 eyes across all etiolo-
gies, the rate of OHT (defined as IOP ≥25 mmHg) was
20%.6 One prospective study of patients receiving
0.7 mg DEX for macular edema secondary to retinal
vein occlusion (RVO) found the rate of OHT to be
16%.12 Another retrospectivestudy of DEX for RVO
found a rate of 33.7%.15 While one prospective study
of patients receiving DEX for diabetic macular edema
(DME) found the rate to be 32.0%,13 a separate retro-
spective study found the rate to be 10.2%.16

Comparing our rate of OHT following 0.7 mg DEX
implant to other studies is difficult due to differences
in sample size, patient population, range of follow-up,
and indication. Our rate of OHT (defined as IOP
≥25 mmHg) was 14.9%, which falls within the range
of 13-33% reported in the literature.6,12–14 This range
may be attributable to the different pathology exam-
ined across these studies (DME, RVO separately in
other studies vs. DME, RVO, uveitis together in our
study),variability in mean follow-up time, or study
method (prospective or retrospective).

In this study OHT following 2 mg IVT was 13.2%,
which is generally lower than previously reported rates,
although few studies have investigated the 2mg dose of
IVT. In one retrospective study comparing the rate of
OHT between 4 mg IVT and 2 mg IVT in RVO patients,
the rate of OHT (defined as IOP >21 mmHg) was 38.9%
in patients receiving 2 mg IVT.17 In another small, pro-
spective study comparing 2mg IVT vs 4mg IVT inDME
patients, the rate of OHT (defined as IOP ≥ 25 mmHg)
was 50% for 2 mg IVT and 31% for 4 mg IVT.18

Althoughmany studies have reported varying rates of
OHT for different agents separately, few have directly
compared them. There are limited studies of OHT fol-
lowing 4mg IVT and 0.7mgDEX implant, but no studies
comparing 2 mg IVT to 0.7 mg DEX implant.
A prospective study comparing 4 mg IVT and 0.7 mg
DEX implant, in patients with uveitic macular edema
demonstrated a rate of OHT (as defined as IOP
≥25 mmHg) of 30% in patients receiving IVT and 41%
in patients receiving DEX implant with no significant
difference between the medications.19 While the rates of
OHT in our study for both agents compare similarly to
rates reported in existing literature,6,11,13,17,20,21 definitive
cross-study comparisons cannot be made.

Patients with a history of primary open angle glau-
coma (POAG) have demonstrated higher IOP follow-
ing DEX implant injection compared to controls in
previous studies. One retrospectivestudy found that
of patients with a history of POAG, the mean peak
IOP was significantly higher compared to controls
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(25.1 mmHg and 20.8 mmHg, respectively).22 In our
study, 21.4% of eyes in patients receiving DEX
implant with a history of glaucoma developed OHT
(IOP ≥25 mmHg) compared to 14% in patients with-
out history of glaucoma (p = .44). While our findings
did not reach statistical significance, our relatively
small sample size of 36 eyes with glaucoma limits
this sub-group analysis.

The strengths of our study include a moderately sized
and consistent sample of eyes across both agents while
importantly excluding patients with concurrent, cross-
over, or recent history of topical, periocular, or intravi-
treal steroids to better isolate any IOP elevation to the
effects of 2mg IVT or 0.7mgDEX implant. Limitations to
our study include the acquisition of IOP measurements
using a Tono-pen tonometer instead of Goldmann appla-
nation tonometry which may be more precise but logis-
tically more difficult in a busy retina clinic setting.
A challenging aspect of all studies of OHT is defining
a threshold IOP value. Several studies selected an IOP of
>21 mmHg17,23–25 while others chose a threshold of
≥25 mmHg.12,26,27 Our group chose ≥25 mmHg in effort
to stay within reasonable range of the existing literature.
With regard to the difference in the timeframe of data
collection, ourmore frequent use ofDEX implant since its
FDAapproval necessitated an extension in the timeframe
for the IVT group in order to obtain a similarly sized
group for comparison. We did not find any indication of
this difference influencing the primary outcomemeasure
of this study. Another limitation is the variety of indica-
tions included in our study (DME, RVO, uveitis, PCME,
etc.). For example, some studies have found uveitis to be
a risk factor for developing OHT after injection.28,29

Given that there is some variability between the distribu-
tion of indications for both groups, this could represent
bias in the study. While our study did not find any
significant differences between treatments, our study
was limited by sample size and therefore may have
been underpowered to detect a difference. In addition,
while the rate of follow-up at 3, 6, and 12 months was
similar across groups, the precise timing of IOPmeasure-
ments was variable among patients which could be
a confounder. The study was also retrospective and
choice of treatment was not randomized, therefore the
choice between DEX and IVT could represent a bias.
Finally, it should be noted that our study was intention-
ally limited in scope and did not assess or compare the
efficacy of these two agents. Visual acuity and central
macular thickness are not reported in this study and we
do not draw conclusions regarding these particular treat-
ment outcomes.

In summary, our study compared the development
of OHT between 2mg IVT and 0.7mgDEX implant and
we found no difference in the incidence of OHT, peak
IOP, or subsequent OHT management. All eyes that
developed OHT were successfully managed with IOP
lowering medications or observation and no patients

required surgical intervention. Our findings suggest
the risk of OHT is not significantly different between
these two common intravitreal corticosteroids.
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SUMMARY STATEMENT

In a study comparing 114 eyes receiving 0.7mg intra-
vitreal dexamethasone and 106 eyes receiving 2mg
intravitreal triamcinolone acetonide, no significant
difference in the rate of ocular hypertension
(≥25mmHg) was found (14.9% vs. 13.2%, p=.846).
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