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Circumpapillary Retinal Nerve Fiber Layer,
Optic Nerve Head, and Related Structural

Abnormalities

Fedra Hajizadeh and Seyed Mehdi Tabatabaei

Abstract

This chapter covers changes related to the optic disc and
abnormalities in various ocular conditions. This chapter is
divided into the following sections. (1) Glaucoma, the
most important section of this chapter, describes different
changes that can be detected in glaucoma and important
considerations in the interpretation of the retinal nerve
fiber layer (RNFL) thickness profile. OCT can assess
glaucoma using parameters: (a) peripapillary RNFL
(retinal nerve fiber layer) parameters, (b) optic nerve
head parameters, (c) macular parameters. Pitfalls and
artifacts in image acquisition and interpretation are fully
discussed. (2) The myelinated nerve fiber layer in the
optic disc area and other parts of the retina. In OCT,
because the myelinated sheet of nerves can reflect light
almost completely, we always have a highly reflective
surface with strong shadowing of the underlying tissue.
(3) The optic pit and its secondary retinoschisis. OCT in
optic pit maculopathy demonstrates a combination of
outer retinal layer detachment and retinoschisis in most
cases. (4) Anterior ischemic optic neuropathy (AION). In
early-stage AION, OCT shows a considerable increase in
RNFL thickness that converts to a plateau and then
atrophies in 6 months. (5) Optic disc drusen, which is a
progressive disease; most cases lose the RNFL and show
visual field defects in perimetry. “Lumpy-bumpy” inter-
nal reflectivity on OCT images strongly suggests drusen.
(6) OCT in neurologic disease that covers new OCT
findings in MS (multiple sclerosis), NMO (neuromyelitis
optica), papillitis, papilledema, and intracranial lesion or
tumor, and their effects on the retinal layer will
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completely be explained with other complementary tests
and tips for differentiation between papilledema and
papillitis.
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6.1 Glaucoma
Glaucoma is the main cause of irreversible blindness
worldwide. Intraocular pressure is the only modifiable risk
factor. Early detection of glaucoma is vital for the preser-
vation of vision because damages will be permanent if they
occur. Usually, structural damages occur before the func-
tional loss (pre-perimetric glaucoma). So, screening the
suspected individuals with OCT can be a valuable option.

Spectral-domain ~ optical ~ coherence  tomography
(SD-OCT) is the most utilized test and many studies have
assessed the accuracy and reproducibility of OCT in differ-
ent commercial platforms. Most confounding factors perhaps
lie in the variation of normal ocular structures that overlaps
with glaucomatous changes.

The following parameters can be assessed by OCT [1]:

1. Peripapillary retinal nerve fiber layer (Figs. 6.1, 6.2, 6.3,
6.4 and 6.5)

2. Optic nerve head (Fig. 6.6)

3. Macula (Figs. 6.7, 6.8, 6.9, 6.10, 6.11, 6.12 and 6.13).
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Fig. 6.1 Normal peripapillary nerve fiber layer. It is a circular,
cross-sectional OCT with about 3.5 mm diameter that starts from the
temporal area (1, Tem) and turns around counterclockwise in the left
eye (clockwise direction on the right side) and passes through points 2
(Suptem), 3 (Nas), 4 (Inftem) and finally ends in the first point, 5
(Tem) again. Because of the shape of optic nerve radiation, we have
two areas of most thickness in the superotemporal area (Suptem) and

Average RNFL thickness is between 91 and 117 pm in
various studies with various OCT apparatus [2—10]. Inte-
rocular symmetry is also important and means RNFL dif-
ferences of more than 8.8 microns are highly suggestive
ofabnormal conditions [11]. Thinning of RNFL is the hall-
mark of glaucoma. (Fig. 6.4).

The value of these tests has been evaluated by area under
the curve (AUC), which is a measure of how well a
parameter can distinguish between diseased and healthy
groups. As the AUC value approaches 1, the power of a test
for discriminating normal from abnormal increases.

In OCT, indentations (Fig. 6.5) maybe the sign of early
damage, even if the mean thickness is in the normal range.
Shin et al. [12, 13] described that RNFL volume deviation
(i.e., estimated lost RNFL) has higher sensitivity, specificity,
and AUC—compared to average RNFL thickness—for the

inferotemporal (Inftem) making this shape like a “double hump”
pattern. The inferior chart shows a green area that most normal people
(95%) should be placed in that area, with less than 5% in yellow and
less than 1% in the red area. This chart is based on normative data of
individual OCT apparatus and may vary according to the OCT system
that is used. OCT optical coherence tomography

early detection of glaucoma. Liu et al. [14] proved that nerve
fiber layer loss in the contralateral normal eye (assessed by
visual field and optic disc photography) of glaucomatous
patients suggests that OCT is more sensitive than other
methods for detecting early glaucoma.

Optic nerve head (ONH) parameters include rim area
(RA), cup volume (CV), disc area (DA), average cup disc
ratio (ACDR), and vertical cup disc ratio (VCDR). All these
variables could be provided by Cirrus HD-OCT 5000. In
Spectralis (Heidelberg Engineering, Heidelberg, Germany)
different variables could be defined such as MRW (minimum
rim width) that extends from BMO (Bruch’s membrane
opening to the ILM (internal limiting membrane. (Fig. 6.6)
the green arrow represents the MRW extending from the
Bruch's membrane opening (BMO) to the ILM (middle
panel).
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Fig. 6.2 This is a printout of a peripapillary nerve fiber layer of a normal person by Spectralis (Heidelberg Engineering, Heidelberg, Germany).
All the fields are normal with green color
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Fig. 6.3 This is another printout of peripapillary nerve fiber layer OCT of a normal person with a large optic disc cup by Cirrus HD-OCT (Carl
Zeiss Meditec, Dublin, CA). OCT optical coherence tomography
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Fig. 6.4 RNFL thickness profile of a patient with advanced glaucoma. Sever RNFL atrophy and disappearance of double hump pattern are

notable. RNFL retinal nerve fiber layer

Fig. 6.5 The circular pattern OCT image reveals multiple indentations
of the nerve fiber layer, which is detected by the retinal vascular
apparatus and shows concavity between them (black arrowheads). This
finding indicates nerve fiber layer damage mostly due to glaucomatous
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optic neuropathy. Changes are most prominent in the inferior part. In
the lower-left part of the figure, the retinal nerve fiber layer thickness
curve shows a lower amount of mean nerve fiber layer thickness. OCT

optical coherence tomography
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Fig. 6.6 Print out of the ONH in s normal person. The green arrow in
each OCT image represents the MRW that is extended from BMO to
ILM. At the bottom, the left chart represents the normal MRW
measurement, and the normal value should be placed in the green area.

The right chart is the RNFL thickness curve as well. ONH, optic nerve
head. OCT, optical coherence tomography. MRW, minimum rim width.
BMO, Bruch’s membrane opening. /LM, internal limiting membrane.
ONH Optic nerve head
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Fig. 6.7 The topographic map is from the patient in Fig. 6.5 and usually associated with glaucomatous optic nerve damage. OCT optical
shows mild to moderate macular atrophy, especially in parafoveal coherence tomography
areas. This is another OCT finding (i.e., macular parameter) that is

Fig. 6.8 The a vertical and b horizontal cross-sectional OCT images layers and ganglion cell layer. Foveal thickness is preserved because of
of the same patient show loss of the foveal curve and flattening of the  the normal absence of ganglion cells and nerve fiber layer. OCT optical
macula due to loss of the innermost layer, which belongs to nerve fiber  coherence tomography
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Fig. 6.9 This compound image shows the longitudinal cross-sectional
OCT images from a patient with advanced glaucoma. The area under
the white dashed lines illustrates ganglion cell complex loss at the

Pitfalls in Using the Retinal Nerve Fiber Layer Profile

Similar to other imaging in medicine, RNFL thickness pro-
file and other related image modalities have some pitfalls
that we should always keep in our mind when we want to
read these images (Figs. 6.14, 6.15, 6.16, 6.17, 6.18, 6.19,
6.20 and 6.21).

juxtafoveal area. The topographic map shows generalized macular
atrophy. The RNFL thickness profile shows considerable thinning.
OCT optical coherence tomography RNFL retinal nerve fiber layer

Many studies that mostly measured the optic disc
parameters and peripapillary nerve fiber with Cirrus reported
high AUC values [15]. A review study by Michelessi et al.
[16], evaluated 106 studies, on the diagnostic ability of optic
nerve head imaging by OCT, Heidelberg retina tomography
(HRT), glaucoma diagnosis (GDx) scanning, and nerve fiber
layer thickness measurements for glaucoma, the
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Fig. 6.10 Two serial retinal nerve fiber thickness profiles of a patient
that were taken within 3.5 years of follow-up. The localized nerve fiber
layer loss in the inferotemporal area (arrow) and more extensive loss in

investigators concluded that using these modalities solely
may be insufficient for detecting and monitoring glaucoma
because of the overestimation of accuracy of each test and
these tests have nearly the same amount of accuracy.
Therefore, we strongly advise that clinicians should not rely

the nasal area (arrowheads) are detectable by OCT. OCT optical
coherence tomography

solely on these tests for glaucoma detection and should
perform further evaluations such as perimetry. Other tests
should also be considered and suspected cases of glaucoma
should be followed carefully and closely to avoid missing
early glaucoma.
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Fig. 6.11 The follow up topographic map in the same patient in Fig. 6.21 illustrates decreased macular thickness (arrow) in the inferotemporal

area in the retinal thickness change map

Glaucoma OCT Masquerading Etiologies

Some diseases could create NFL changes resembling glau-
coma. The most common is an old retinal vascular
obstruction. Inner layer chronic ischemia after vascular
obstruction results in inner layer atrophy, including the NFL,
that can cause changes similar to glaucoma. Anterior
ischemic neuropathy (AION) is another etiology that can
also cause NFL atrophy. Heavy retinal peripheral laser
treatment (e.g., panretinal photocoagulation in diabetes) also
may result in a thin NFL. Compressive lesions in the brain

such as brain tumors, multiple sclerosis, chronic resolving
papillitis, or papilledema can all result in an NFL thickness
pattern that is similar to glaucoma.

6.2 Myelinated Nerve Fiber Layer

Myelinated retinal nerve fiber layer (MRNFL) is the pres-
ence of a myelinated sheet around the axons of the retinal
ganglion cells beyond the lamina cribrosa. It has a gray to
white appearance with feathery borders. In ophthalmoscopy,
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Fig. 6.12 The SLO-OCT image from a patient with glaucoma and localized nerve fiber layer loss (area between the arrows). SLO-OCT scanning

laser ophthalmoscopy optical coherence tomography

Fig. 6.13 Topographic retinal thickness map of the same patient in Fig. 6.12. Inferior macular thinning is secondary to atrophy of the ganglion

cell complex
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Fig. 6.14 The retinal nerve fiber layer profile shows a double-hump
pattern on the OCT image. This pattern depends on the location,
splitting, and thickness of nerve fiber radiation and the direction of
withdrawal from the optic nerve head. a A normal nerve fiber layer
thickness profile erroneously shows an abnormal pattern because of the
larger distance of optic radiation (green arrowheads) from the optic

disc because of the variation in the vascular distribution. b After
adjusting the circle to the nasal side, it is possible to obtain a normal
thickness profile map. This can also occur with abnormal optic discs
such as a tilted optic disc, a posterior staphyloma around the
peripapillary area, and other peripapillary deformities. OCT optical
coherence tomography
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image of the same patient and at the same location. OCT optical

Fig. 6.15 The quality of OCT affects the nerve fiber layer thickness
coherence tomography

profile results. a An abnormal curve due to a poor-quality image with a
considerable signal-to-noise ratio. b A normal curve with a high-quality
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Fig. 6.16 An epiretinal membrane in the peripapillary area can affect indicate a normal thickness pattern (Green Disease). b After manual
the nerve fiber layer thickness profile. a The epiretinal membrane and  correction in the temporal area (arrows), considerable temporal nerve
retinal surface wrinkling result in a misidentification artifact and fiber layer thinning is detected
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Fig. 6.17 The Spectralis OCT images output in some devices results
from meaning multiple scans. In the retinal nerve fiber layer thickness
profile evaluation, meaning results in an erroneously thicker layer.
a The mean of 15 images create a near normal thickness profile. b The

image is constructed from nine images; however, the mean thickness is
thinner and abnormal. In such instances, images with a lower meaning
rate may be more reliable. OCT optical coherence tomography
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Fig. 6.18 These two follow up OCT images show the progression of mild diabetic macular edema in the left eye of a patient with previously

established glaucoma. OCT optical coherence tomography

a MRNFL appears as a white discrete lesion with frayed
borders. In the peripheral part, they appear feather-like. The
prevalence of this abnormality is between 0.57 and 1% of
the normal population [17-19]; it is bilateral in 7.7% of
cases [17].

Most (66%) of the time, it is not continuous with the optic
nerve head (mostly in the inferotemporal area). However, in
33% of cases, it ends at the optic nerve head (mostly the
superior part) [17, 18]. Myelinated retinal nerve fiber layer is
usually an incidental finding that is discovered during an eye
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Fig. 6.19 The follow-up topographic maps in the same patient in Fig. 6.18 indicate thickening of the macula. The thickness change map shows a

diffuse red color

examination with normal acuity. However, it sometimes can
be a part of a syndrome that includes high myopia, ambly-
opia, and MRNFL [19]. The MRNFL lesion is static during
a person’s lifetime and rarely changes.

In OCT, MRNFL always has a high reflective surface and
causes strong shadowing on underlying tissues because the
myelinated sheet of the nerve can reflect light almost

completely (Figs. 6.22, 6.23, 6.24 and 6.25). If this lesion is
adjacent to the optic nerve head, some cyst-like spaces can
be found superficially on the myelinated area.

Visual field defects and decreased vision are also asso-
ciated with this condition [20]. Red-free and infrared
images will show the lesions with a white appearance
because of the high lipid content of the affected area. In
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Fig. 6.20 Nerve fiber layer thickness in the peripapillary area in the same patient in Fig. 6.18 shows thickening (lower image) that is the result of

edema

autofluorescence, a deep dark area can be found that is
related to blockage of the detection of lipofuscin by the
lipid layer over it [21].

6.3 Optic Pit

Optic pit anomaly, morning glory disc anomaly, and optic
disc coloboma are among the different appearances of con-
genital optic disc closure anomalies [22]. Defect in the

lamina cribrosa with herniation of the abnormal retina and
connection to the subarachnoid space is the main etiology
[23]. The incidence of an optic pit is 1/11000 [24]. There are
no gender preferences in this condition and 15% of cases are
affected bilaterally [25]. This is a sporadic anomaly but can
run in families.

In ophthalmoscopy, it appears as a gray, oval, hole-shaped
depression more often in the inferotemporal part of the optic
disc [24, 26] (Figs. 6.26, 6.27, 6.28, 6.29, 6.30, 6.31, 6.32,
6.33, 6.34, 6.35, 6.36, 6.37, 6.38, 6.39 and 6.40). The optic
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Fig. 6.21 RNFL thickness profile comparison in the same patient in ~ shows a normal RNFL thickness profile—after macular thickening and
Fig. 6.18 before and after macular thickening and edema. The top edema, and considerable nerve fiber layer thickening have occurred
profile shows thinning and borderline thickness. The lower profile
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Fig. 6.22 This is a color optic disc photograph and fundus myelin on RPE lipofuscin. In OCT images, intense reflectivity with
autofluorescence (FAF) view of a myelinated optic disc of a strong shadowing on outer structures is significant. Small superficial
68-year-old patient with corrected distance visual acuity of 20/30. cyst-like spaces sometimes can be found in this condition (arrows).
Hyporeflectivity in the FAF image is because of the barrier effect of the =~ OCT optical coherence tomography RPE retinal pigment epithelium
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Fig. 6.23 The vertical (a) and horizontal (b) cross-sectional OCT
images show the elevated hyperreflective optic disc inner parts.
Differentiating a myelinated nerve fiber layer from papilledema and

papillitis may be difficult in some cases. Multiple cystic spaces are also
a sign associated with this anomaly. OCT optical coherence
tomography

Fig. 6.24 The horizontal OCT section crossed at the site of the myelinated nerve fiber layer in a different patient. Hyporeflective spaces, which
may be small cystic spaces, are in the middle part of the lesion (arrows). OCT optical coherence tomography

pit may be asymptomatic and discovered during a routine
ophthalmology examination or may be associated with a
visual field defect, an enlarged blind spot, or paracentral
arcuate scotoma [27, 28]. However, 25-75% of patients with
optic disc pit eventually experience maculopathy in their
third and fourth decade of life [25, 27, 29, 30].

There is no known predisposing factor for the initiation of
maculopathy, except possibly posterior vitreous detachment
[22, 24, 31]. Maculopathy is associated with intraretinal and

subretinal fluid accumulation with vision equal to or less
than 20/70 [24].

Optical coherence tomography (OCT) imaging in optic
pit maculopathy demonstrates a combination of retinal
detachment and retinoschisis in 79.17% of cases (Figs. 6.27,
6.28 and 6.29), only retinal detachment in 12.5% of cases,
and only retinoschisis in 8.33% of cases (Figs. 6.33 and
6.34) [32]. An outer layer hole (between schisis and serous
detachment) occurs in approximately 73% of cases with
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Fig. 6.25 a Fundus autofluorescence (FAF) and OCT images of a
myelinated nerve fiber layer in the inferotemporal region of the macula
(the usual location for such abnormalities). It results in hyporeflectivity
on the FAF image and hyperreflectivity of the nerve fiber layer on the
OCT image (black arrows). Some parts of the foveal area is also visible

maculopathy. Schisis often involves multiple layers [32]
(Figs. 6.35, 6.36, 6.37, 6.38, 6.39 and 6.40).

In some patients, the inner layers dissolve and are lost
because of longstanding disease, and only small strands
remain. It appears as a posterior retinal detachment, similar
to the pattern that occurs in pathologic myopia. However,
the existence of such strands could help in the
differentiation.

(black arrowhead). b In the SLO image, the myelinated nerve fiber
layer is characterized by a hyperreflective feathery patch (between the
white arrows). OCT optical coherence tomography SLO scanning laser
ophthalmoscopy

6.4 Anterior Ischemic Optic Neuropathy

Anterior ischemic optic neuropathy is the result of complete
or partial impairment of optic nerve head perfusion.
In AION, early-stage OCT imaging shows a considerable
increase in the NFL thickness, which then converts to a
plateau, and finally atrophies in 6 months [33]. The NFL
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Fig. 6.26 Color fundus photographs from a 40-year-old woman with a recent history of decreased vision in her right eye, beginning a few months
ago. In the right eye, the temporal side of the optic disc has a round depressed lesion (black arrow), which is a small optic pit

LA
Fig. 6.27 This SLO-OCT is from the same patient in Fig. 6.26. The
hyporeflective elevated area at the center of the macula indicates
macular elevation. In the cross-sectional OCT, dome-shaped macular

and foveal detachment exists, which corresponds to retinal schitic
spaces and subretinal fluid. The vertical columns, which are at the

loss is very similar to that of glaucoma and sometimes it is
very difficult to differentiate it from glaucoma. However, in
non-arteritic AION (NAION) ganglion cell inner plexiform
layer (GCIPL) is significantly thinner, compared to a glau-
comatous patient (Figs. 6.41, 6.42, 6.43, 6.44, 6.45, 6.46
and 6.47) [34].

In NAION, focal loss volume (FLV) and global loss
volume (GLV) of the ganglion cell layer in the macula are
significant. These findings have a good reproducibility for
detecting ganglion cell loss in cases of NAION [35].
Schuster et al. [36] showed that macular choroidal thickness
in both eyes of individuals affected with unilateral NAION is
significantly lower than in normal individuals.

boundaries of the outer nuclear layer and outer plexiform layer, are the
typical pattern of schisis due to an optic pit. The pathway (white arrow)
that connects the intraretinal space to the subretinal space (outer layer
hole) is usually visible on OCT images. OCT optical coherence
tomography SLO scanning laser ophthalmoscopy

6.5 Optic Disc Drusen

Optic disc drusen or optic nerve head drusen (ONHD) may
be caused by the accumulation of mucoprotein and
mucopolysaccharides in the optic disc with progressive
calcification. They are a benign congenital anomaly of the
optic disc [37, 38]. The incidence of ONHD is 2.4% with
13% of cases occurring bilaterality [37] with an autosomal
dominant inheritance pattern [39]. This finding may result
from abnormal axonal metabolism that eventually leads to
intracellular mitochondrial calcification [40]. With aging
and atrophy of the axons overlying the drusen, they become
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Fig. 6.28 In another horizontal section, through the optic pit, the site of the optic pit is visible (white arrow). Outer retinal layer schisis with

vertical columns and subretinal spaces are also evident

l_j-:]'n (Il

Fig. 6.29 One section vertically crosses the optic pit, using the
EDI-OCT method. Section a reveals another area in which the inner
retinal spaces connect to subretinal space. Section b shows the path of

more visible in an eye examination [41]. Optic nerve head
drusen is a progressive disease and most patients lose the
NFL and show visual field defects in the perimetry. Buried
disc drusen can sometimes be difficult to differentiate from
papilledema. In such cases, OCT can be helpful. Internal
reflectivity that appears “lumpy-bumpy” on OCT images
strongly suggests drusen; by contrast, the inner part of

the optic pit. The outermost part of the pit and its base are not discerned
by OCT. EDI-OCT enhanced depth imaging optical coherence
tomography

elevated papilledema is a smooth hyporeflective space [42].
Increased subretinal hyporeflective space (SHYPS) mea-
surements along the RNFL thickness curve can also help
differentiate between these two conditions; papilledema has
a considerable increase [42]. Transient deflection of the
peripapillary RPE also can be seen in intracranial pressure
rise and may also be a good differentiating sign [43, 44].
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Fig. 6.31 These two cross-sectional EDI-OCT scans, which cross Serous detachment and visual disturbances are absent. EDI-OCT
through an optic pit, illustrate the depth and anatomy of the pit. In  enhanced depth imaging optical coherence tomography
conventional OCT, the direction of the pit is not completely visible.
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Fig. 6.32 A large optic pit without retinal fluid accumulation. These two cross-sectional EDI-OCT images show the diameter of the pit but do not
define its endpoint. EDI-OCT enhanced depth imaging optical coherence tomography

Fundus autofluorescence (FAF) imaging is another
modality that can help in diagnosing ONHD (Figs. 6.48,
6.49, 6.50 and 6.51). Hyperautofluorescence of the optic disc
is diagnostic for ONHD, whereas papilledema will have
increased papillary hypoautofluorescent areas. B-scan ultra-
sonography is the best method for differentiating and diag-
nosing buried drusen [45, 46].

6.6 OCT in Neurologic Disease

There are many recent studies about the role of OCT in the
diagnosis, management, and monitoring of the treatment of
patients with neurologic diseases. OCT clearly illustrates the

nerve fiber layer without a myelin sheet and perhaps can
provide a crystal clear sample of brain nerve fiber condition,
therefore we can use it as a biomarker in diagnosing and
treating neurodegenerative disease. Besides its value for
diagnosis and management of neurological disease OCT is a
noninvasive, noncontact, fast, safe, and reproducible imag-
ing tool that provides information on neural tissue in vivo
that reflects the condition of neuronal tissue in the brain.

How a neurologist could use and read OCT: The basics
and retinal anatomy were discussed widely in the introduc-
tion section, but the most important parts of concern for
neurologists are the macular area and retinal nerve fiber layer
profile.
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Fig. 6.33 This image shows a 28-year-old man with recently fovea. In FAF, the cart-wheel pattern shows the retinal schisis more
decreased vision in his left eye. This compound picture of the clearly. FAF fundus autofluorescence, OCT optical coherence
cross-sectional horizontal OCT and fundus autofluorescence show  tomography

schisis with column bridges in the retina which are more severe at the

Fig. 6.34 In another view of the same patient in Fig. 6.33, section a, exact location of the schisis, which is at the boundary of the outer
which traverses the optic pit, reveals a narrow long canal (white nuclear layer and outer plexiform layer
arrows) at the deep part of the optic pit. Section b demonstrates the
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Fig. 6.35 The SLO-OCT image shows the remnants of the intraretinal walls with an apparent optic disc pit in the temporal margin of the optic
disc. SLO-OCT scanning laser ophthalmoscopy optical coherence tomography
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Fig. 6.37 Color fundus photographs and SLO-OCT images of a the foveal area results in a large foveal cyst (asterisk). Large subfoveal
patient with optic pit-related foveoschisis. Schisis exists in most layers  serous detachment is also visible. SLO-OCT scanning laser ophthal-
containing the internal limiting membrane (arrowheads) and the outer =~ moscopy optical coherence tomography

nuclear layer (arrows). Extension of serous fluid into retinal tissue at
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Fig. 6.38 The color fundus photograph, autofluorescence, and OCT
images from a patient with optic disc pit and serous macular
detachment. This type of detachment could be mistaken for chronic
active central serous chorioretinopathy, especially when there are

hyperfluorescent dots in a FAF image. The main feature of detachment
in an optic pit is the presence of a schisis, even in a small area (in this
patient, mostly near optic disc territory, arrow). FAF fundus
autofluorescence, OCT optical coherence tomography

Fig. 6.39 Optic pits usually are associated with other anomalies such
as retinochoroidal coloboma, as shown in this patient. The optic pit may
be accompanied by other retinal abnormalities such as an inferior

retinal coloboma, which is demonstrated in this figure. The small strand
of retinal layer columns is connected to the posterior part of the retina
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<« Fig. 6.40 Multiple patterns of retinal schisis and detachment in an
optic disc pit maculopathy. a A small area of schisis at the nasal side of
the fovea can help in differentiating it from serous detachment
secondary to active central serous chorioretinopathy. b The existence
of an optic pit with regular schitic spaces in the macular area that is
predominantly limited to the outer nuclear layer-outer plexiform layer

interface could help in differentiating it from severe longstanding
cystoid macular edema. ¢ Schitic spaces at the inner part of the retina
with a large central foveal cyst that is connected to the subfoveal serous
detachment and the existence of an optic pit differentiate it from severe
cystoid macular edema

Fig. 6.41 This compound image shows a male patient with a 15-year
history of diabetes mellitus who experienced a sudden decreased vision
in his left eye. White edema at the inferotemporal border of the optic
disc with a flame-shaped hemorrhage and blurring of the optic disc
margin are visible. In the recirculation phase of fluorescein

angiography, leakage and hyperfluorescence of this area are evident.
The SLO images show it as a hyporeflective area. The OCT image
shows sectoral elevation and thickening of the nerve fiber layer band
(area between the arrowheads). OCT optical coherence tomography
SLO scanning laser ophthalmoscopy
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Fig. 6.42 The color fundus photograph and the fluorescein angiog- improvement of his vision during this period. In fluorescein angiog-
raphy are from a 56-year-old man with a sudden loss of vision about raphy, impaired circulation of the superior part of the optic disc is
6 months ago. He was diagnosed as having AION with partial notable. AION anterior ischemic neuropathy

Fig. 6.43 Fluorescein angiography images (the same patient in Fig. 6.42) obtained 48 s and 4 min and 58 s after dye injection. The perfusion of
the superior part of the optic disc is absent, even in the recirculation phase
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Fig. 6.44 The macular topographic map (the same patient in Fig. 6.42) demonstrates superior atrophy and thinning. The RNFL OCT also shows
considerable thinning of the nerve fiber layer. Such OCT findings also occur in longstanding branch retinal vein occlusion

t‘jl- '

Fig. 6.45 Vertical cross-sectional OCT images (the same patient in Fig. 6.42) show superior macular atrophy, which is primarily caused by loss
of the inner layers, especially the ganglion cell complex. OCT optical coherence tomography
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Fig. 6.46 Retinal nerve fiber layer thickness curve (the same patient in Fig. 6.32) is out of the normal limit in the upper image. The
double-humped pattern structure is impaired by the loss of the superior fibers

Fig. 6.47 Two horizontal cross-sectional OCT images (the same the nerve fiber layer and the ganglion cell layer with inner plexiform
patient in Fig. 6.42) were taken from two sides at equal distances from layer in comparison to section b between the arrows area. OCT optical
the central fovea. Section a (upper image) shows atrophy and loss of  coherence tomography
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Fig. 6.48 The color fundus photograph, FAF, and fluorescein
angiography images of optic disc drusen 10 min after dye injection.
A white feather-like pseudoedema and elevation of the optic disc are

evident in the color fundus image. The absence of an engorged retinal
vascular plexus and hemorrhage can differentiate it from papilledema or

Multiple sclerosis (MS):

Optical coherence tomography has given greater compre-
hensions into the pathophysiology of MS. It is quick,
non-invasive, and easy to use. The images are highly
reproducible with high resolution. Evaluation of the RNFL
and GCL using OCT hypothetically allows us to assess
neuronal and axonal degeneration. OCT act as a window
through that we can see central nervous system axonal health
without a myelin sheet. OCT has established very practical
concerns for research, predicting disability, and disease
monitoring in MS. 90% of MS patients even who have not
experienced optic neuritis (ON), will most likely also have
lesions in their visual pathways [47, 48].

Recent studies are proved that RNFL and GCIPL thin-
ning correlates with parameters such as biomarkers, visual
disability, function, and MRI (magnetic resonance imaging)
in MS. OCT parameters may also be able to calculate dis-
ability progress and visual function in MS.

The pathological mechanism of reduction of RNFL and
ganglion cell and inner plexiform layer (GCIPL) thickness in
MS patients despite a negative or positive history of prior
ON is still in debate. Axonal retrograde degenerations in
patients with the history of ON could explain the RNFL and
GCIPL thinning (Figs. 6.52, 6.53, 6.54, 6.55, 6.56, 6.57 and
6.58). However, in MS patients without any history of ON

papillitis. In the FAF image, hyperautofluorescent areas at the optic disc
(white arrows) strongly suggest drusenoid material accumulation at the
optic disc. The absence of leakage at the late stage of fluorescein
angiography could be another sign used to differentiate it from
inflammation or papilledema. FAF fundus autofluorescence

about 6.73 pum reduction in RNFL and GCIPL have been
reported [49].

With the evaluation of inter-eye percentage difference
(IEPD), using OCT we can also differentiate MS patients
from healthy controls [50]. The diagnostic accuracy of the
IEPD (AUC) is 0.75-0.94 for the GCIPL and 0.73-0.86 for
the RNFL with the diagnostic specificity of 97% of the
GCIPL IEPD and sensitivity of 70% for discriminating
healthy controls from MS with unilateral ON. The IEDP has
possible to be a very useful paraclinical parameter because it
is not affected using different devices, segmentation algo-
rithms, intrapersonal factors, ethnicity, and physiological
variability.

Neuromyelitis optica (NMO):

Neuromyelitis optica spectrum disorders (NMOSD) are
relapsing  autoimmune  central  nervous  system
(CNS) inflammatory conditions [51]. Longitudinally exten-
sive transverse myelitis (LETM), optic neuritis (ON), and
brain stem encephalitis are clinical hallmarks of this disease
[52-56]. Depression [57], neuropathic pain [56] and fatigue
[58] are important symptoms, Aquaporin-4 (AQP4-ab), a
serum autoantibody against the astrocytic water channel is
measurable in almost 80% of the patients [59-62]. NMOSD
has different immunopathogenesis from MS, which
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Fig. 6.49 The multiple OCT
sections (a—f) are from different
parts of the optic disc drusen. The
white arrowheads delineate the
outer boundary of hyperreflective
material that accumulate in the
optic disc area as drusen. OCT
optical coherence tomography
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Fig. 6.50 These compound
images are from a patient with
nerve fiber layer loss secondary to
glaucoma. The color fundus
photographs show lobulated
glistening pearls at the level of the
optic disc. Fundus
autofluorescence images show
hyperfluorescence of the optic
disc, which is a hallmark sign of
optic disc drusen. The SLO-OCT
images show medium reflective
material with internal hypocenters
in the deep part of the
peripapillary retina (delineated by
the black arrows). SLO-OCT
scanning laser ophthalmoscopy
optical coherence tomography
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Fig. 6.51 The retinal nerve fiber layer thickness profiles of the patient in Fig. 6.50 shows attenuation and atrophy of the nerve fiber layer

powerfully determines both of these conditions as unat-
tached neurologic entities [63—65] with different treatment
modalities.

In 55% of the patient with NMOD, ON is the first clinical
feature that usually results in severe structural destruction to
the optic nerve and retina [66]. The disease pattern is
bilateral, occasionally simultaneous ON, recurrent relapses,
and severely disturbed visual acuity or even complete vision

loss [66]. The disease progresses as subacute visual loss in
days or weeks, with possible recovery in half a year [67, 68].

In the acute phase, OCT shows a highly swollen RNFL
and near normal or mild thickening of GCIPL that are due to
inflammatory processes. After the acute phase, the loss of
retinal axons and ganglion cells happens over an era of
6 months [69, 70]. In NMOSD the optic nerve is frequently
involved near the chiasm, therefore it can have an impact on
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Fig. 6.52 Retinal topographic map of both eyes of a patient with proven MS and history of optic neuritis in the left side. Considerable thinning of
the left side is remarkable. MS Multiple sclerosis

Fig. 6.53 The cross-sectional
macular SLO-OCT images of the
same patient in Fig. 6.52 clearly
show loss of GCIPL in the
perifoveal area (white
arrowheads). OCT optical
coherence tomography SLO
scanning laser ophthalmoscopy
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Fig. 6.54 RNFL cross-sectional SLO-OCT of both eyes in the patient  (white arrowheads). RNFL retinal nerve fiber layer. OCT optical
in Fig. 6.52. Above image belongs to the right side and the bottom to  coherence tomography SLO scanning laser ophthalmoscopy
the left side. Considerable RNFL atrophy is prominent on the left side
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Fig. 6.55 Ganglion layer map of both eyes of the patient in Fig. 6.52 illustrates bilateral asymmetry and severe GCL atrophy of the left side,
which is the hallmark of MS patients. GCL ganglion cell layer MS multiple sclerosis
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Fig. 6.56 Compound images of retinal topographic maps (above),
GCL maps (middle), and cross-sectional SLO-OCT of the macula
(bottom) of both eyes of a patient with chronic MS and multiple attacks
of ON with normal visual acuity. Despite normal visual acuity, there are

the contralateral optic nerve even after a unilateral attack
(Figs. 6.59, 6.60, 6.61, 6.62, 6.63 and 6.64).

NMOSD often results in severe RNFL thinning, espe-
cially after recurrent attacks, with RNFL thickness less than
30 um [71]. Due to flooring effects after severe optic atro-
phy, the further neuro-axonal loss is difficult to monitor.

In MS retinal and GCIPL damage show a temporal pre-
ponderance, while in NMOSD all areas can be affected
equally [70, 72]. After ON attack, reduced RNFL and

considerable thinning and atrophy of macula and GCL map in both
eyes. OCT optical coherence tomography SLO scanning laser ophthal-
moscopy GCL ganglion cell complex ON optic neuritis MS multiple
sclerosis

GCIPL thickness are highly correlated with contrast visual
acuity disturbance. [73, 74].

After ON about 20% of patients show microcystic
changes in the inner nuclear layer (INL). References [75-78]
called microcystic macular edema (MME) (Fig. 6.65).

MME is related to severe and fast axonal loss conditions
due to various etiologies and is not specific to NMOSD [76,
79, 80].
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Fig. 6.57 RNFL thickness profiles of both eyes of the same patient from Fig. 6.56 show bilateral abnormal temporal quadrant thinning, which is
characteristic of MS NFL loss. RNFL retinal nerve fiber layer. MS multiple sclerosis
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Fig. 6.58 Bilateral perimetry 30-2 of the same patient from Fig. 6.56.
Despite the abnormal macular volume, GCL and RNFL atrophy
perimetry are unremarkable. This shows the importance and sensitivity

Fig. 6.59 SLO images of a
young 35 years old female with a
sudden decrease of right eye
vision a week ago and RAPD.
Optic nerve head and perivascular
edemaedema are evident on the
right side. The left side seems to
be normal. SLO scanning laser
ophthalmoscopy RAPD relative
afferent pupillary defect

Mueller cells are astrocytic cells mainly located on INL
and are responsible for energy metabolism, water home-
ostasis, and neurotransmitter recycling and maybe the tar-
geting for Aquaporin-4 that results in primary retinopathy in
NMOSD [81-83].

In NMOSD without ON we can have neuroaxonal dam-
age but in a limited amount [84].

The patient in Figs. 6.59, 6.60 and 6.61 was not diag-
nosed as NMO and was treated with a high dose of oral
steroids without any significant change in vision on the right
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of OCT in MS patients. RNFL retinal nerve fiber layer. MS multiple
sclerosis OCT optical coherence tomography GCL ganglion cell

complex

side. After 2 months she referred us because of the drop in
left side vision a few days before. Laboratory examination
revealed AQP4-ab positive in serum and after neurologic
consultation, NMOSD diagnosis was confirmed.

Papillitis and Papilledema
Papilledema defines as the thickening of the peripapillary

nerve fiber layer due to increase intracranial pressure
(Figs. 6.66, 6.67 and 6.68) or acute accelerated hypertension



284

F. Hajizadeh and S. M. Tabatabaei

Fig. 6.60 SLO-OCT image of the right side of the same patient in
Fig. 6.59. Above is a peripapillary RNFL SLO-OCT image, that
illustrates severe nerve fiber layer thickening with mild vitreous
inflammation. Bottom is macular OCT which shows a fine epiretinal

Fig. 6.61 Fluorescein
angiography of the same patient
in Fig. 6.59 shows severe
papillary and peripapillary and
peripheral vascular leakage on the
right side and a small amount of
leakage at the deep part of the left
optic nerve head

membrane and vitreous floating hyperreflective dots that represent
vitritis. OCT optical coherence tomography SLO scanning laser
ophthalmoscopy RNFL retinal nerve fiber layer




6 Circumpapillary Retinal Nerve Fiber Layer... 285

Fig. 6.62 SLO images of both eyes on the second attack of left ON (the same patient on Fig. 6.59) show severe papilledema with the same pattern
as the right eye and optic nerve atrophy with vascular narrowing at the right side. SLO scanning laser ophthalmoscopy. ON optic neuritis

Fig. 6.63 SLO-OCT, RNFL images of both eyes of the same patient severe RNFL thickening (bottom image) due to recent left side ON.
on Fig. 6.59, revealed severe optic nerve and RNFL atrophy (above OCT optical coherence tomography SLO scanning laser ophthal-
image) on the right side as a sequel of the previous attack of ON and moscopy ON optic neuritis RNFL retinal nerve fiber layer
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Fig. 6.64 a SLO-OCT image of the left side during the acute attack of
ON of the same patient in Fig. 6.59 illustrates blurred and elevated
optic disk (green arrowheads) and sever perivascular edema (red
arrows). b SLO-OCT images of the right side in chronic atrophic phase,
reveals macular GCIPL atrophy and fine epiretinal membrane bridging
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over the foveal pit (white arrows). ¢ GCL map of the right side on the
chronic phase shows atrophy and thinning. d GCL map of the left side
on acute phase shows normal even thicker than normal due to edema
and inflammation. OCT optical coherence tomography SLO scanning
laser ophthalmoscopy GCL ganglion cell complex ON optic neuritis
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Fig. 6.65 SLO-OCT image of a patient with MME clearly illustrates ~OCT optical coherence tomography SLO scanning laser ophthal-
GCIPL atrophy with small slit-like hypo-reflective spaces (white moscopy GCIPL ganglion cell and inner nuclear layer MME
arrows) at the level of INL (main location of Muller cells in the retina).  microcystic macular edema

Fig. 6.66 Fundus color images and late phase of fluorescein angiography of a patient with papilledema. Severe late leakage is evident. There is no
evidence of peripheral retinal vasculitis and vascular leakage
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Fig. 6.67 The SLO-OCT images of both eyes of the same patient in Fig. 6.66. The rims and the central part of the optic disc are elevated.
SLO-OCT scanning laser ophthalmoscopy optical coherence tomography
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Fig. 6.68 Color fundus, SLO-OCT images of a young female
withhistory of headaches and transient blurring of vision since a few
months ago. The blurring and elevation of the optic disk in both eyes
are remarkable. There is a large hyporeflective space at the root of the
optic disk (white arrowheads) (SHYPS) and a small number of hard

(Figs. 6.69, 6.70 and 6.71). Papillitis describes as the
thickening of the peripapillary nerve fiber layer secondary to
inflammation (Fig. 6.72). In some patients, differentiating
papillitis from papilledema is very difficult because of their
similar ~ fundoscopic and OCT characteristics.
Pseudo-papilledema defines as fundoscopic blurring and
elevation of the optic disc without any pathology. Optic disc
drusen and small optic disc and hyperopia could masquerade
papilledema. By OCT we could differentiate pseudopa-
pilledema from real papilledema. An increase in peripapil-
lary RNFL thickness occurs in 43.3% of patients with
papilledema versus 9.7% in patients with pseudopa-
pilledema. Papilledema usually shows thicker NFL in all
quadrants (Figs. 6.66 and 6.67) [42]. Nasal RNFL mea-
surement had the highest diagnostic ability to differentiate
papilledema from pseudopapilledema in one study [85].
Another factor is the measurement of the subretinal
hyporeflective space (SHYPS) (Fig. 6.68) thickness, which

exudates in the peripapillary area (white arrow) that confirm
papilledema diagnosis. The patient was referred to a neurologist for
further evaluation and it appeared that she had high intracranial
pressure. OCT optical coherence tomography SLO scanning laser
ophthalmoscopy

is significantly greater in papilledema (Fig. 6.68) [42]. In the
chronic phase of papilledema, sometimes there is only
extreme thinning of the nerve fiber layer.

Toxic/metabolic/drug-induced optic neuropathy:

Toxic optic neuropathy is a set of medical conditions which
can be described by visual loss secondary to optic nerve
damage by a toxin. It is mostly diagnosed in late stages when
recovery is not possible. Exposure to toxic elements can
happen in work environment, with ingestion of substances or
foods comprising a toxin, or systemic medications.

Toxic optic neuropathy is characterized by reduced color
vision, papillomacular bundle atrophy, and central or ceco-
central scotoma.

It starts as an insidious painless, bilateral, progressive,
symmetrical visual loss with variable optic disk pallor [86,
87]. Color vision disturbance or dyschromatopsia is
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Fig. 6.69 SLO-FA images of a middle-aged man referred us for recirculation phase, severe optic disc leakage is notable which is
subacute decreased vision with a severe headache. On SLO images characteristic of papilledema. SLO scanning laser ophthalmoscopy FA
a and c blurring of optic disk margin with an elevation that appears as  fluorescein angiography

hypo-reflectivity on SLO are remarkable. On FA b and d on the

Fig. 6.70 SLO-OCT images of the same patient of Fig. 6.69 revealed severity and acuteness of papilledema and is usually associated with
severe peripapillary NFL thickening (arrowheads in a and ¢) more hypertensive retinopathy. This patient was revealed to have severe
severe in the right side (a) and subfoveal serous detachment (asterisk)  hypertension. Neurologic consultation must be done for ruling out
accompanied by peripapillary intraretinal fluid accumulation (white intracranial problems. NFL nerve fiber layer

arrows in b and d). Subfoveal serous retinal detachment indicates the
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Fig. 6.71 SLO-OCT images of the same patient in Fig. 6.69 few
weeks after blood pressure control and intraocular injection. a and
b shows near-complete resolution of papilledema, peripapillary retinal
edema and subfoveal serous detachment with residual nerve fiber layer
thinning (white arrowheads), perifoveal GCIPL loss (red arrowheads)

regularly the first symptom. the loss of color vision is dis-
proportionate to the decline in visual acuity [88]. The pattern
of visual loss typically involves a central or paracentral field
of vision and extends toward the periphery at the end stages.
Common etiologies of toxic neuropathy are Methanol,
Ethylene glycol (the most prevalent), Chloroquine family
drugs, antibiotics such as Chloramphenicol, antitubercular
drugs like Isoniazid, Ethambutol, antiarrhythmics like Dig-
itals and Amiodarone, anticancer agents, like as Vincristine
and Methotrexate and finally heavy metals such as Leads
and Mercury.

We introduce a patient with Imatinib toxic neuropathy, a
rare complication.

Imatinib is a 2-phenyl amino pyrimidine derivative that
acts as a tyrosine kinase enzyme inhibitor[89].

Imatinib is an encouraging treatment modality in patients
affected by chronic myeloid leukemia (CML) and gastroin-
testinal stromal tumor (GIST) [90]. Imatinib side effects
consist of edema, skin rash, and ocular side effects.

and hard exudates (white arrow). ¢ and d shows the same changes with
lesser extend in the left side. OCT optical coherence tomography SLO
scanning laser ophthalmoscopy GCIPL ganglion cell and inner nuclear
layer

The most common ocular side effects of imatinib include
periorbital edema and optic neuropathy has not been repor-
ted till now. But there is a case report of Dasatinib optic
neuropathy which is in the family of Imatinib [91]
(Figs. 6.73, 6.74, 6.75, 6.76 and 6.77).

After consultation with his oncologist, we decided to
discontinue the drug for 3 months, without any further
treatment for him.

Intracranial space-occupying lesion and compressive optic
neuropathy:

In the case of nerve fiber layer thinning (Figs. 6.78, 6.79,
6.80, 6.81 and 6.82), clinicians should always consider
intracranial etiologies.

In the case of nerve fiber layer thinning, especially on the
temporal side in an OCT image, neurological evaluation
should seriously be performed to rule out intracranial
etiologies.
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Fig. 6.72 a SLO-OCT, RNFL thickness profile of a patient with and vasculitis that made the diagnosis of papillitis easier. OCT optical
ocular pain and decreased vision. Thickening of RNFL is evident. coherence tomography SLO scanning laser ophthalmoscopy RNFL
Fundus examination also revealed blurring and edema of optic disk  retinal nerve fiber layer FA fluorescein angiography

head. b and ¢ FA of the same patient revealed severe vascular leakage
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Fig. 6.73 Photo of an old male (76 years old) referred to our center because of decreased vision in his right eye. He had a history of chronic
myelocytic leukemia for 10 years and consumes imatinib. Note the bilateral orbital edema

Fig. 6.74 a Color fundus photograph, b RNFL thickness profile, and
“c” SLO-OCT images of the macula of the affected eye in the same
patient in Fig. 6.73. Hard exudates on color fundus (yellow dots)
represent edema and fluid accumulation. RNFL thickness profile shows
thickening of nerve fiber layer with multiple cystic spaces on it and on
ONL (white arrows) that indicates chronic disease and edema with cell

loss. There is a small subfoveal retinal detachment (white arrowhead)
that indicates the severity of edema. OCT optical coherence tomogra-
phy SLO scanning laser ophthalmoscopy GCL ganglion cell complex
ON optic neuritis RNFL retinal nerve fiber layer ONL outer nuclear
layer
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Fig. 6.75 FA of both eyes in the late stage of fluorescein angiography shows prominent leakage at the optic disk on the right side and minimum
leakage on the left. FA Fluorescein angiography

Fig. 6.76 Macular topographic maps show severe macular edema in the right eye and normal volume in the left

We introduce a 48 years old male with 20/20 vision with  with severe head trauma and loss of consciousness for a few
a chief complaint of diplopia who was referred to us from days and hospitalization (Figs. 6.83, 6.84, 6.85, 6.86 and
the strabismus clinic. He had a car accident a few month ago  6.87).
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Fig. 6.77 a Wide field, SLO-OCT image of the same patient before  show significant Improvement with mild residual thickening and small
discontinuation of the drug. Sever macular edema, intraretinal fluid hard exudate remnant. ¢ First topographic map versus one d after
accumulation, and subfoveal serous detachment are notable. b Wide 3 months of discontinuation of the drug. OCT optical coherence
field SLO-OCT images 3 months after discontinuation of Imatinib, tomography SLO scanning laser ophthalmoscopy
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Fig. 6.78 The color fundus photographs are from a 56- year-old left optic disc pallor. There is no evidence of hypertension, diabetes
woman with a recent decrease in the vision of her left eye (less than  mellitus, or other systemic diseases
20/200). She had a normal eye examination, except for mild temporal

Fig. 6.79 a and b Fluorescein angiography of the same patient in Fig. 6.78, is unremarkable in both eyes. There is a mild thickness difference
between eyes. The left macula is thinner than the right one. ¢ and d The tomographic findings indicate the loss of inner layers of the left eye
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Fig. 6.80 Retinal nerve fiber layer thickness curve evaluation in the same patient in Fig. 6.78 reveals considerable thinning of the nerve fiber layer
on the temporal side of the left eye. The right side shows a normal thickness
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Fig. 6.82 Brain magnetic resonance imaging with gadolinium (same
patient n Fig. 6.78) revealed an extra-axial isosignal-intensity mass
lesion in all sequences in the left middle cranial fossa. The dimensions
were  approximately 25 mm x 20 mm X 18 mm  with total

enhancement. The mass had a dural tail, which was compatible with
a sphenoidal ridge meningioma. The left optic nerve and internal
carotid artery were encased by the lesion with extension to the
cavernous sinus
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Fig. 6.83 a and b SLO-OCT images shows temporal GCL atrophy on ~ (red arrowheads in b). OCT optical coherence tomography SLO
the right side (red arrowheads in a) and nasal GCL loss in the left eye  scanning laser ophthalmoscopy GCL ganglion cell layer
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Fig. 6.84 RNFL thickness profile shows near-normal measurement except mild temporal side thinning. RNFL retinal nerve fiber layer
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Fig. 6.85 a and ¢ macular topographic map of both eyes show temporal on the right side and nasal on the left side atrophy (white arrowheads).
b and d GCL thickness maps reveal the same findings (white arrowheads). GCL ganglion cell layer

Fig. 6.86 Perimetry of both eyes
revealed left hemianopia that OD
could explain patient diplopia due

to loss of central vision and
inability to merge retinal images

30°
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Fig. 6.87 Brain CT of the same patient in Figs. 6.83, 6.84, 6.85 and
6.86 shows the subdural hematoma (red arrows) on the right side that is
explain the left side hemianopia
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