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Foreword

Who needs another book? More pictures? New technology? Is there anything else
to learn?

The answers to these questions are very simple. Working backwards, one appre-
ciates the fact that learning never stops. It is our objective as physicians to continu-
ally learn so as to better ourselves and therefore improve the care we provide to our
patients. While there are many ways of learning, someone must always be a student
and someone must always be the teacher. Is there new technology? Of course there
is and it is our obligation as students of ophthalmology to learn that technology,
relying on good teachers to help us understand that which is new and different. We
are fortunate in that we are witness to incredible advances in technology in our life-
times, but we must be committed to not letting the technology get away from us.
Therefore we look to proven methods of teaching, provided by good teachers and
educators, to enlighten us and keep us up to date on the newest technologies in our
field. And who is it that said that a picture is worth a thousand words? As we know
that most of us learn from pictures and a well-illustrated document, with concise
and well-organized writing, to explain those illustrations which helps enormously in
the learning process. Pattern recognition is key to our profession and thus imaging
is key to what we do every day. And finally one must ask, do we need another book?
And the answer is unquestionably, yes. And the reason for that is simple. The best
way to keep up with new technology is through a well-illustrated text that serves as
a reference and provides a well-organized, meticulously scripted, heavily refer-
enced document. The textbook does exactly that.

We, the students, are fortunate in that doctors Jay Chhablani, Parthopratim
Majumdar, and J. Fernando Arevalo are superb teachers who have assembled a list
of experts to address a variety of systemic conditions. By using various imaging
modalities they are able to illustrate and better define these conditions. By focusing
these modern imaging technologies on selected systemic conditions, we have an
unusual format for the learning process. Whether we are ophthalmologists who spe-
cialize in retinal diseases, general ophthalmologists, uveitis specialists, ocular
oncologists, internists, or family physicians interested in understanding the lan-
guage of imaging technology in ophthalmology, these teachers instruct us as never
before. Beautifully illustrated and beautifully written, this textbook will undoubt-
edly become a mainstay of the practicing physician as well as medical students and
residents alike. This text will become a first resource for so many individuals trying
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to understand the complexity of the many systemic diseases which are demonstrated
through ophthalmic imaging.

We must compliment and acknowledge the editors of this extremely important
text for their efforts and their successful accomplishments in bringing to the reader-
ship this very valuable text.

Alexander J. Brucker
Scheie Eye Institute
University of Pennsylvania
Philadelphia, PA

USA



Preface

Various systemic diseases involve the eyes, and in few diseases, the eyes could pro-
vide the first clue for the systemic disease. Retinal findings on clinical examination
have been reported previously in systemic diseases. Advancement of posterior seg-
ment imaging has significantly improved the understanding of pathophysiology and
has become an essential part in management strategy of posterior segment diseases.
Advanced imaging techniques such as enhanced depth imaging, oximetry, adaptive
optics, and retinal blood flowmetry are now being explored in subjects with sys-
temic diseases. With improved understanding on such imaging techniques in vari-
ous systemic diseases, the knowledge about pathomechanism, early diagnosis, and
more targeted therapeutic approaches has improved.

In this book, we focus on findings with various imaging modalities in various
systemic conditions. Systemic conditions included, but are not limited to, neuro-
logical diseases such as Alzheimer’s disease, multiple sclerosis, Parkinson’s dis-
ease, schizophrenia, and migraine; systemic vasculitis such as Behget’s disease;
systemic lupus erythematosus; ocular toxicity secondary to systemic drugs;
blood dyscrasias such as sickle cell disease and hematologic disorders; renal
diseases; trauma-related conditions such as Purtscher-like retinopathy, whiplash
retinopathy, and shaken-baby syndrome; intracranial hypertension; cancer-asso-
ciated retinopathy; gastrointestinal diseases; immunologic diseases such as auto-
immune retinopathy and sarcoidosis; systemic infectious diseases such as
tuberculosis and choroidal and retinal metastasis; oculoneurocutaneous syn-
dromes; Vogt-Koyanagi-Harada disease; pregnancy; systemic hypertension; and
Valsalva retinopathy.

This book, entitled Retina and Choroidal Imaging in Systemic Diseases, is the
first attempt to provide information on retinal and choroidal findings using advanced
imaging technologies in systemic diseases. This book is intended for ophthalmolo-
gists, retina specialists, uveitis specialists, ocular oncologists, and internal medicine
specialists.

We wish that this book improves the current understanding about the imaging
findings in systemic diseases which helps for early diagnosis and management of
these conditions.

vii
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We would like to thank all the authors who shared their experience and valuable
time and effort for the book. We would like to thank the Springer staff, who guided
us to make this book happen. At the end, we would like to thank our patients, col-
leagues, and families who supported us to bring this book in a timely manner.

Hyderabad, India Jay Chhablani
Chennai, India Parthopratim Dutta Majumder
Baltimore, MD, USA J. Fernando Arevalo
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Neurological Diseases

Uppal Gandhi, Preeti Patil Chhablani, Akshay G. Nair,
and Jay Chhablani

Abstract

Imaging has become an integral part of the management of retinal diseases.
Being window to the brain, imaging of the posterior segment is useful in evaluat-
ing neurological diseases. These imaging findings are used for early diagnosis to
correlate with severity of the disease and to monitor progression. This chapter
describes important findings on imaging modalities in neurological disease and
their clinical implications.

1.1 Introduction

The eyes are the windows to the brain. Various neurological diseases affect eyes,
and in many of them, they provide the first clue to the systemic disease. In many,
other than clinical follow-up, there is no marker for severity of the disease.

The understanding of individual layers of the retina and choroid has been
improved significantly with advanced imaging modalities. Optical coherence
tomography (OCT) is now able to provide in vivo histological images of the retina
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and choroid. There are multiple reports on OCT findings in these neurological dis-
eases ranging from the commonly occurring diseases like Parkinson’s disease and
Alzheimer’s disease to the rarer disorders like schizophrenia. OCT findings have
been reported to be beneficial in early diagnosis of neurological diseases as well as
to understand and follow the course of these diseases.

This chapter summarizes the important and useful OCT findings of the retina
reported in various neurological diseases and their clinical applications.

1.1.1 Alzheimer’s Disease

Alzheimer’s disease (AD) is the most common cause of dementia among the numer-
ous causes, and its incidence increases exponentially with age. AD is primarily a
disease of the brain. Besides cognitive abnormalities, various visual function
impairments are noted including color perception, depth perception, contrast sensi-
tivity, and visual field measures, these being the common complaints which have
shown to decrease the quality of life of the patients even at the early stage of the
disease [1]. Earlier these were believed to be due to the malfunction of the central
visual pathways [2, 3]; however, Hinton et al. [4] showed that these changes could
be due to the axonal degeneration of optic nerves in patients with AD.

It is a well-known fact that the retina is an extension of the brain, derived from
the neural tube like other structures of the brain [5], and various studies have shown
the eye especially the retina to be involved in AD [4, 6, 7].

Accumulation of intracellular neurofibrillary tangles of hyperphosphorylated tau
protein and extracellular amyloid  protein deposits (Ap) trigger inflammation in the
brain. This inflammation could cause thinning of retinal ganglion layer, as the retina and
brain share similar responses to inflammation [8]. Such stress situations are particularly
relevant to the exposed and metabolically sensitive retinal ganglion cells (RGC) and
photoreceptor cells. Interestingly, in 2008, both the retinal and choroidal vascular Af
deposits were reported in animal models of AD [9]. This lead to the use of optical coher-
ence tomography to study these changes in the retina in patients with AD.

Iseri et al. demonstrated a relation between reduction in macular volume and the
severity of cognitive impairment using time-domain OCT [7]. Due to limitations of the
device, changes in the individual layer were not possible to be evaluated. Few studies
found this thinning of inner layers as diffuse or localized (superior or both superior and
inferior quadrants) [10, 11]. While correlating thinning of the retinal nerve fiber layer
(RNFL) with cognitive impairment, Kromer et al. [12] showed that the global thinning
of RNFL had fairly low MMSE (mini-mental state examination (MMSE) or Folstein
test) scores ranging from 11 to 19 and from 8 to 28. MMSE score greater than 27 out of
30 suggests normal cognition. However, Berisha et al. reported MMSE scores between
17 and 30 in subjects with RNFL thinning only in the superior sector. Furthermore, the
superior sector could be used to discriminate between mild cognitive impairment and
severe Alzheimer’s disease [12], while there was no significant difference found between
the RNFL thickness of mild cognitive impairment and mild Alzheimer’s disease patients.

Histologic studies showed 52% decrease in neuronal density in Alzheimer’s dis-
ease [13]. Bayhan et al. reported thinning of the ganglion cell thickness in
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individuals with Alzheimer’s disease leading to thinning of the macular thickness
with no significant change in outer retinal thickness [14]. In this study, the scan was
performed primarily on the temporal part of the fovea to achieve more information,
which is the most commonly involved area in Alzheimer’s disease. They also found
a significant correlation between the macular ganglion cell thickness and MMSE
scores. In regard to retinal function, Berisha et al. showed a correlation between the
RNFL thickness and a number of pattern-electroretinogram characteristics, espe-
cially with the P50-N95 amplitude, but not with visual-evoked potentials [15].

Marziani et al. used two instruments (RT-Vue® and Spectralis®) to evaluate
RNFL in Alzheimer’s disease. RT-Vue® measures RNFL and ganglion cell layer
(GCL) together and the Spectralis® permits the quantification of the RNFL sepa-
rately [16]. They reported reduction in only the inner layers (RNFL and RNFL and
GCL combined) in Alzheimer’s disease. However, they were unable to determine
which layer either RNFL or GCL was most affected in Alzheimer’s disease.

Larrosa et al. evaluated diagnostic ability of standard OCT parameters using
linear discriminant functions (LDFs), and logistic regression statistical analysis, to
detect the presence of Alzheimer’s disease [17]. LDFs had two parts: retinal LDF
were obtained using information from the nine early treatment diabetic retinopathy
study (ETDRS) area thicknesses. Peripapillary LDFs were obtained using 768
points in peripapillary scan (grouped to obtain 24 uniformly divided locations).
They reported that the retina LDFs had only moderate diagnostic accuracy, while
the RNFL LDFs were a very useful and precise tool for diagnosis of Alzheimer’s
disease. The LDFs were sensitive and specific as the methods currently used for
Alzheimer’s disease diagnosis.

To sum up, many studies have reported a significant decrease in the mean overall
RNFL thickness in patients with AD, and some have reported significant reductions in
the individual quadrants. The superior and inferior quadrants demonstrating the greatest
thinning in patients with AD compared with healthy controls in most studies, whereas the
nasal and temporal quadrants are only found to be significantly thinner in few studies [18].

A meta-analysis done in 2015, based on 11 studies, suggested that AD patients
are likely to have a reduced RNFL thickness as assessed by OCT. This reduction in
RNFL thickness, as observed in most studies on AD patients, was significantly
greater than that observed in the age-matched controls and thus cannot be exclu-
sively ascribed to aging [19]. Further, the analysis showed a uniform significant
decrease in RNFL thickness in each of the four retinal quadrants, suggesting that
whatever factors that cause the degenerative process in AD progression affects the
entire retinal layer.

Thus to conclude, the OCT technique for measurement of the peripapillary
RNFL and macular thickness is useful for the potential correlation with the severity
of the disease which in turn could help in early diagnosis of the disease.

1.1.2 Parkinson’s Disease

Parkinson’s disease (PD) is a degenerative disorder of the central nervous system,
secondary to death of pigmented dopamine neurons in the substantia nigra of the
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midbrain, caused by the accumulation of the protein alpha-synuclein in neuronal
Lewy bodies [20]. Parkinson’s disease is also associated with loss of dopaminergic
neurons such as retinal amacrine cells leading to thinning of retinal ganglion cells.
It also leads to loss of similar neurons in the higher visual areas (e.g., lateral genicu-
late nucleus, cholinergic nucleus basalis of Meynert, and visual cortex) [21].
Levodopa, a dopamine precursor, is released by human retinal pigment epithelial
(RPE) cells [22, 23]. Looking at it differently, the dopamine loss in patients with PD
may be in part because of the thinning of the RPE [24].

Motor-related problems are the usual features seen in the early disease and cog-
nitive and behavioral ailments occurring in the late stages. Affected foveal vision
with decreased contrast sensitivity and color vision and altered visual-evoked poten-
tials in patients with PD have been described previously. These have been attributed
to the dysfunction of the intraretinal dopaminergic circuitry and final retinal output
to the brain [25, 26].

These changes in the retinal layers are thought to be of help in early diagnosing
of a case of PD. Multiple studies have reported RNFL changes in PD [24, 27-29].

Using time-domain OCT, La Morgia et al. reported significantly thinner tempo-
ral RNFL in patients with PD compared to controls [30]. Using spectral domain
(SD)-OCT, Aaker et al. reported significant thinning in macular thickness [31].
However, there was no significant reduction in peripapillary RNFL and inner retinal
layer thickness between PD patients and controls. In contrast, Garcia-Martin et al.
showed a reduction in both macular and RNFL measurements [32].

Garcia-Martin et al. used “Nsite Axonal Analytics” application of Heidelberg to
detect changes due to PD [33]. As reported previously in Alzheimer’s disease and
multiple sclerosis, they formulated retinal LDF, which had sensitivity of 89.5%.
They reported that the likelihood ratio value of 4.59 for retinal LDF rules out the
chances of having PD. They recommended SD-OCT as a reliable diagnostic tool for
subclinical PD diagnosis.

In conclusion, PD is still a commonly encountered disease among aging popula-
tion, but the accuracy of the clinical diagnosis of PD is still limited. Especially in the
early stages, when cardinal symptoms are not conclusive, diagnosis can be delayed
as structural neuroimaging methods such as CCT or MRI do not provide characteris-
tic features that allow the diagnosis of this chronic neurodegenerative disorder [34].
Apart from the early diagnosis of PD, serial RNFL recordings can be done to monitor
the progression of the disease as well. Recently in a meta-analysis of 13 case-control
studies done by Ji-guo Yu et al. in 2016, it was concluded that the RNFL thickness
decreased in all quadrants in PD patients compared with the healthy control group
and that the OCT can be useful in monitoring the disease progression [35].

1.1.3 Migraine
Migraine is a widely encountered condition in the general population. According to

data from the American Migraine Prevalence and Prevention study, the cumulative life-
time incidence of migraine was reported to be 43% in women and 18% in men [36].



1 Neurological Diseases 5

Ophthalmologists are often the first to evaluate the patients with migraine due to
the accompanying ocular complaints like periorbital pain, photophobia, and other
visual disturbances.

Although there are a considerable number of studies and theories on the
pathophysiology of migraine, the exact nature of the condition is still considered
to be unknown [37]. Currently, migraine is accepted as a neurovascular syn-
drome resulting from the activation of the nociceptors that innervate the menin-
geal blood vessels.

Recent reports have demonstrated direct electrophysiological evidence for the
activation of trigeminovascular neurons during a migraine attack. The dura mater is
largely innervated by the sensory nerve fibers originating from the trigeminal gan-
glion. Sensorial innervation of the eye is also supplied by the trigeminal nerve. Long
and short ciliary nerves, which originate from the ophthalmic division of the tri-
geminal nerve, innervate various structures in the eye. Short ciliary nerves also
carry autonomic nerve fibers, which innervate the choroidal vasculature [38, 39].

Tan et al. reported no reduction in RNFL thickness in migraine patients with or
without aura compared to healthy individuals [40]. Martinez et al. reported no dif-
ference in mean RNFL thickness between patients with migraine and healthy con-
trols except in the temporal quadrant [41]. Gippono et al. found no difference in the
foveal thickness and macular volume in females with migraine compared to healthy
women but found that there was a significant thinning in the RNFL thickness in the
upper quadrant [42]. Recently, Ekinci et al. reported significant thinning in RNFL
and GCL in patients with migraine with aura in comparison to migraine patients
without aura and the healthy controls [43].

In another recent study, Zeynep Dadaci et al. found that in patients with unilat-
eral headaches, the choroidal thickness measurements obtained during the attack
period were significantly increased only in the eyes on the headache side compared
to basal levels. At the fovea, the choroidal thickness measured in the pain-free inter-
val was 373.45 £ 76.47 pm (mean + SD), which increased to 408.80 = 77.70 pm
during the attack period (p < 0.001).

The findings obtained from the various abovementioned studies can be valuable
in understanding the pathophysiology of migraine and its association with normal
tension glaucoma, better keeping in mind the common innervation of the meninges
and the eye by the trigeminal nerve.

1.1.4 Schizophrenia

Schizophrenia is among the top ten leading causes of disease-related disability in
the world because of the pervasiveness of associated deficits and frequently lifelong
course.

It is a chronic and relapsing illness with generally incomplete remissions. It is
characterized by an admixture of positive, negative, cognitive and mood symptoms
[44]. Schizophrenia has been associated with deficits in visual perception and pro-
cessing [45, 46]. Dopamine is established to be a major neurotransmitter and
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modulator in the retina by Djamgoz et al. [47] and may be responsible for these
visual changes in neurodegenerative diseases. But unlike Parkinson’s disease
wherein dopamine levels are reduced, in schizophrenia these levels are raised.
Possibly excess glutamate leading to neural excitotoxicity could be contributory to
the neurodegenerative process of schizophrenia [48]. Glutamate has been shown to
act as a neurotoxin, which exerts its toxic effect causing destruction of retinal gan-
glion cells [49]. Retina lacks myelin; hence, any changes in retina reflect axonal
damage following any brain tissue damage [44].

Putting all this together, structural changes in the retina specifically RNFL
changes are expected in these patients. Only few studies have been done in schizo-
phrenic patients to evaluate the RNFL changes so far.

The first study done in 2010 by Francisco J. et al. reported that schizophrenic
patients showed a statistically significant reduction of the overall RNFL thickness
(95 = 13 pm) compared with those values observed in control eyes (103 + 8 um) and
also observed reduced peripapillary RNFL thickness in nasal quadrant (75 £ 17 pm)
when compared with controls (84 + 10 pm). The remaining peripapillary RNFL quad-
rants, macular thickness, and volume did not reveal differences between both groups.

Another study by Chu EM et al. performed OCT in 38 schizophrenia, 11 schizoaf-
fective disorder, and 40 matched healthy controls and found out that patients and
controls had similar whole retina RNFL thickness (p = 0.86) and macular volume
(MV) (p = 0.64), but RNFL in the right nasal quadrant of the schizoaffective group
was thinner than in the schizophrenia group (p = 0.02).

Lee et al. studied the structural OCT parameters especially RNFL changes in
schizophrenia patients in comparison to age-matched controls [44]. They looked at
patients with variable duration of illness and found that chronic (2-10 years) and
long-term chronic (>10 years) schizophrenic patients have a significant peripapil-
lary RNFL thinning, macular thinning, and reduction of macula volume when com-
pared to controls (P < 0.001), and these features correlated with the duration of
illness. They advised that OCT can play a major role in detecting worsening of
neuronal degeneration by measuring the RNFL thickness.

In conclusion, OCT can have a major role in detecting worsening of neuronal
degeneration by measuring the RNFL thickness especially when used in correlation
with MRI since the latter is an established method to know the progression of the
disease by measuring the volumetric brain volume reduction. With more researches
in the future, it is hoped that OCT can be a useful investigative tool in schizophrenia
and can be used to monitor the progression of disease.

1.1.5 Multiple Sclerosis

Multiple sclerosis presents commonly as optic neuritis characterized by recent
vision loss associated with visual field loss, color desaturation, and pain with eye
movement. Most of the patients recover to normal visual acuity levels; however, the
quality of the vision is affected.

Inner retinal layers have been evaluated extensively using OCT in multiple
sclerosis. Walter et al. reported that multiple sclerosis eyes had significant thinning
of the inner retinal layers RNFL, GCL, and IPL (inner plexiform layer) compared
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with disease-free control eyes. They also found the degree of thinning is much
greater in eyes with optic neuritis compared to non-optic neuritis eyes [50] (Fig. 1).
Additionally, they reported that the retinal GCL, IPL, and RNFL thinning in
multiple sclerosis patients was strongly correlated with visual function, quality of

RFNL Deviation Map RFNL Deviation Map

75 111 74 48 g 53

Fig. 1.1 Optic disc photographs of an 44 year old lady with multiple sclerosis, showing pallor of
both optic nerves (a, b). OCT scans show advanced changes on the RNFL deviation maps (¢, d)
and severe RNFL thinning (e, f)
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life, and disability tests such as high-contrast visual acuity (VA), low-contrast letter
acuity (LCLA), National Eye Institute Visual Function Questionnaire (NEI-VFQ
25), and ten-item Neuro-Ophthalmic Supplement composite score [50]. Similarly,
previous studies have shown significant peripapillary RNFL dropout in multiple
sclerosis non-optic neuritis eyes [51-53].

Furthermore, non-optic neuritis eyes showed significant thinning of the macular
RNFL with no difference in GCL, IPL, and other retinal layers when compared to
controls. This could be due to subclinical episodes of optic neuritis or due to axonal
loss with relative sparing of the retinal GCL [54, 55]. They suggested that GCL and
IPL thickness measurement act as a potential structural marker of patient-reported
visual disability. The literature suggests that thinning of GCL on OCT is similar to
gray matter atrophy on magnetic resonance imaging (MRI) as the ganglion cells in
the retina are analogous to gray matter in the brain [56, 57].

Burgansky-Eliash et al. reported a LDF using combinations of RNFL parameters
obtained from Stratus OCT to evaluate the detection of perimetric glaucoma [58].
Similarly, Garcia-Martin et al. formulated LDF using peripapillary RNFL thickness
parameters obtained from Spectralis® OCT system for the detection of multiple
sclerosis [59]. They reported that the formulated LDF has the highest sensitivity
(83.02%) and specificity compared to single RNFL parameter in detection of mul-
tiple sclerosis compared to controls. A likelihood ratio of higher than 3.14 for the
LDF (cutoff point for 95% specificity) virtually rules out the chance of patient hav-
ing multiple sclerosis.

Another additional tool was proposed by the same group using artificial neural
networks (ANN) for RNFL parameters obtained by OCT. ANN are machine-
learning algorithms that perform nonlinear classifications based on the representa-
tive and adequately large training data set. This approach produces robust classifiers
which are insensitive to noise and outliers in the data [60]. They reported a combi-
nation of these RNFL thickness measurements from 24 locations in the peripapil-
lary area. ANN technique offers better ability to detect RNFL damage than any
single RNFL parameter. These techniques including LDF and ANN in combination
with the other parameters and clinical explorations could be helpful with an early
diagnosis or a no definitive multiple sclerosis diagnosis; however, further evaluation
is warranted.

Overall, measurement of GCL and RNFL thicknesses by OCT may be a bet-
ter way than brain MRI to detect and monitor axonal loss in multiple sclerosis,
due to its easier acquisition, better resolution, and better correlation with visual
functions [60].

1.2 Idiopathic Intracranial Hypertension

Idiopathic intracranial hypertension (IIH), also known as pseudotumor cerebri
(PTC), is a clinical entity that presents with elevated intracranial pressure (ICP),
usually seen in obese women of child-bearing age along with signs and symptoms
of headaches, pulsatile tinnitus, visual changes, and papilledema [61]. Papilledema
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Fig. 1.2 Optic disc photo graphs showing disc edema (a, b) with blurring of the peripapillary reti-
nal nerve fibre layer (RNFL), in a 19 year old lady, diagnosed with IIH with normal vision and
color vision . The corresponding RNFL OCT (c) scan shows increased RNFL thickness

associated with subsequent visual field loss is a dreaded consequence, and this clini-
cal presentation determines the management and outcome of IIH [62]. However,
clinical evaluation of the disk and subjective evaluation using Frisen scale to evalu-
ate longitudinal changes may be challenging [63].

The Frisen scale is a noncontinuous ordinal grading based on specific features
described in fundus photographs or on ophthalmoscopy to assess and monitor the
disk changes in papilledema [64]. However, this scale reportedly lacked sensitivity
to small changes in the degree of disk edema and the interpretation varies among
observers [65, 66]. OCT, on the other hand, quantitatively assesses the multiple lay-
ers of the retina, allowing objective measurement of the RNFL thickness, and
thereby helps with evaluation of longitudinal changes (Figs. 2 and 3). Additionally,
OCT offers several advantages over conventional photographic imaging such as
ability to image eyes with small pupils and cataracts [66]. Patients with newly diag-
nosed ITH show RNFL thickening when compared to healthy controls. This RNFL
thickness decreased over time with treatment of IIH. Therefore, RNFL thickness
could be a potential longitudinal measure in the management of ITH [62, 67]. Wang
et al. developed an automated method for the quantification of volumetric optic disk
swelling on SD-OCT imaging in individuals with papilledema [68]. They further
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Fig. 1.3 Optic disc photo graphs (a, b) of the same patient showing a reduction disc edema with
peripapillary gliosis, after 4 months of oral acetazolamide therapy. OCT (c) of the same patient
shows a significant decrease in the RNFL thickness as compared to the earlier scan (Fig. 1) and is
now within the normal range

investigated for correlation of volumetric measurements with Frisen scale grades
(from fundus photographs) and two-dimensional RNFL and total retinal thickness
measurements from SD-OCT. Their results suggested that volumetric measure-
ments of the degree of disk swelling in individuals with papilledema appeared to be
roughly linearly correlated to the Frisen scale grade [69]. Other reports have also
concurred that in newly diagnosed IIH, OCT demonstrated alterations of the peri-
papillary retina and optic nerve head (ONH) correlate with Frisen grading scale, but
not with clinical features or visual dysfunction [70].

Increased peripapillary retinal thickness measured by OCT is associated with
increased ICP in newly diagnosed IIH patients [69]. However, in long-standing ITH
patients who have been previously treated, OCT appears to be of limited value in
predicting ICP. Similarly, Rebolleda and Mufioz-Negrete reported that RNFL thick-
ness abnormalities assessed by OCT in patients with mild papilledema were quan-
titatively correlated with visual field sensitivity losses as determined by automated
perimetry. However, the drawback with OCT is that, when the thickness is
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decreasing, it is not possible to distinguish whether it is the effect of treatment or
there is actual loss of nerve fibers [71]. In such a setting, GCL analysis may provide
more accurate information than RNFL analysis, and it might be an early structural
indicator of irreversible neuronal loss [72]. One must always rule out other possible
causes of vision loss such as submacular fluid, choroidal folds, or any other concur-
rent maculopathy.

To overcome the above-discussed drawbacks, Kaufhold et al. proposed a new
custom segmentation algorithm using an extension of the RPE through the ONH as
reference line, which enabled them to automatically assess ONH volume and shape
in ITH patients that could be applicable in diseases with elevated ICP and optic disk
swelling [62]. Their pilot study found that their proposed 3D parameters — optic
nerve head volume (ONHV) and optic nerve head height (ONHH) — were able to
discriminate between controls, treated and untreated patients. Both ONHV and
ONHH measures were related to levels of intracranial pressure (ICP) [62]. Hence,
SD-OCT can be used as a tool to differentiate between papilledema and pseudopap-
illedema; further strengthening the view, it can be used in the assessment and moni-
toring of the optic disk in ITH [73].

Another current advance in OCT technology is phase contrast OCT, which
allows visualization of capillaries and quantification of blood flow within the capil-
lary bed without the use of contrast agents [63].

In summary, there is growing evidence that suggests the use of OCT as a nonin-
vasive quantitative method of monitoring the amount and evolution of papilledema
as disk volume that correlates with RNFL and peripapillary total retinal thickness
[62, 63]. Therefore, OCT may obviate the need for repeated lumbar punctures to
measure the opening pressure to assess papilledema progression. At present, the
most beneficial OCT-derived features pertinent to papilledema are measurement of
disk volume, thickness of retinal GCL, and appearance of subretinal fluid.
Furthermore, OCT can help differentiate causes of visual loss in IIH and predict the
outcome [62, 63, 72].
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Retinal Vasculitis in Systemic Disease

Irfan Khan and Ashvini Reddy

Abstract

Retinal vasculitis may be associated with various systemic vasculitides. It can
result in cystoid macular edema, retinal ischemia, and occlusive disease and
resultant sight-threatening sequelae such as neovascularization, vitreous hemor-
rhage, and neovascular glaucoma. The purpose of this chapter is to discuss the
more common systemic diseases associated with retinal vasculitis, including
Behcet’s disease, systemic lupus erythematosus, Susac’s syndrome, and ANCA-
associated vasculitides. The diagnostic criteria of these multisystem disorders
will be reviewed, as well as their ocular manifestations and presentations.
Attention will be given to various imaging modalities including fluorescein angi-
ography and optical coherence tomography to evaluate their utility and describe
typical clinical findings.

2.1 Introduction

Vasculitis can affect the arteries, capillaries, and veins of any organ system; there-
fore, manifestations vary based on the site affected. For example, palpable purpura
may be evident in individuals with cutaneous vasculitis, fluid retention and hematu-
ria may occur in individuals with renal involvement, and focal neurologic deficits
may manifest in those with central nervous system disease. While infectious causes
of vasculitis exist, the majority appear to be autoimmune. The available evidence
suggests that the dysfunction caused by vasculitis is the result of leukocyte-mediated
alterations in blood vessel structure and function.
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Table 2.1 Predominant vessel type involved in various forms of ocular inflammation

Arteritis Systemic lupus erythematosus, acute retinal necrosis syndrome, polyarteritis
nodosa, granulomatosis with polyangiitis, idiopathic retinal vasculitis, aneurysms,
and neuroretinitis syndrome (IRVAN), Susac’s syndrome

Phlebitis Behget’s disease, sarcoidosis, multiple sclerosis

The International Chapel Hill Consensus Conference on the Nomenclature of
Systemic Vasculitides (CHCC2012) published their consensus on the nomencla-
ture of vasculitides in 2012. Their system included groups of disease character-
ized by the size of vessel affected and groups such as single-organ vasculitis,
vasculitis associated with systemic disease, and vasculitis associated with a prob-
able etiology [1].

Vasculitis affecting the retinal blood vessels may occur in isolation or be associ-
ated with systemic diseases and infectious processes affecting the eye. Clinically,
this vasculitis can manifest as sheathing of the blood vessels, retinal hemorrhages,
cotton wool spots, vascular occlusion, and neovascularization of the retina. Together
these inflammatory changes can result in vision loss, cystoid macular edema, and
structural complications such as vitreous hemorrhage and retinal detachment. The
primary site of retinal vascular inflammation (arteritis versus phlebitis; proximal
versus distal) may narrow the differential diagnosis of retinal vasculitis (Table 2.1).

The scope of this chapter will include a summary of some of the systemic dis-
eases that may feature vasculitis affecting the retinal and choroidal vasculature.

2.2 Behget's Disease

Adamantiades-Behget’s disease (Behget’s disease) is a chronic, relapsing inflamma-
tory disorder classically characterized by the presence of oral and genital aphthous
ulcers, ocular inflammation, and characteristic skin lesions.

While Behcet’s disease has a worldwide distribution, there are certain regions in
which the incidence and prevalence are much higher. Turkey has the highest preva-
lence of Behget’s disease, with 420 cases per 100,000 population. The prevalence in
Japan, Korea, China, Iran, and Saudi Arabia ranges from 13.5 to 22 cases per
100,000 population. The prevalence in North America and Europe is much less,
with one case per 15,000-500,000 population [2].

The sex prevalence varies geographically, though the most severe manifestations
of the disease including pulmonary aneurysms, uveitis, thrombophlebitis, and neu-
rologic disease are all more common in males. Behget’s disease is most common in
persons aged 20—40 years with a mean age at onset of 25-30 years [2].

The diagnosis of Behget’s disease is based on clinical findings, with the most
widely used criteria published by the Research Committee of Japan and the
International Study Group [3]. The clinical manifestations of the disease are broken
down into major and minor criteria, and patients may only manifest a subset of these
findings (Table 2.2).
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Table 2.2 Research committee of Japan clinical criteria for the diagnosis of Behcet’s disease

Major criteria

* Recurrent oral aphthous ulcers

* Skin lesions (erythema nodosum, acneiform pustules, folliculitis)
* Recurrent genital ulcers

* Ocular inflammatory disease

Minor criteria

e Arthritis

¢ Gastrointestinal ulceration
* Epididymitis

Behget’s disease classification

* Complete (four major criteria)

* Incomplete (three major criteria or ocular involvement with one other major criterion)
 Suspect (two major criteria with no ocular involvement)

* Possible (one major criterion)

Oral aphthous ulceration is the most prevalent manifestation of Behget’s disease
in most series. These painful lesions have a high recurrence rate and typically appear
as a cluster or crop of lesions.

Recurrent ulcerative genital lesions can occur on the scrotum and penile shaft in
males and the labia, vagina, and perineum in females. Other skin manifestations
include erythema nodosum and acneiform papulopustular lesions on the face, trunk,
and extremities.

The disease can also affect other organ systems such as the brain (memory/recall,
behavioral changes, meningoencephalitis, cerebral vasculitis), large blood vessels
(pulmonary artery aneurysms, coronary vasculitis/thrombosis), and the GI system
(deep intestinal ulceration).

Ocular involvement manifests in approximately 70% of patients who have
Behcet’s disease. In most instances, oral and genital ulceration precedes eye inflam-
mation, though ocular disease has been observed as the initial manifestation as well.
Behcet’s uveitis typically consists of recurrent episodes of severe inflammation. In
one series, anterior uveitis was present in 59% of cases, posterior uveitis was pres-
ent in 76% of cases, and panuveitis was present in 88.1% of cases. While inflamma-
tion may present unilaterally, in most cases it progresses to involve both eyes. The
classic anterior uveitis with shifting hypopyon is estimated to be present in less than
one-third of patients [4].

Retinal vascular disease is the most serious complication of Behget’s uveitis with
severe inflammatory arteritis and phlebitis. The initial manifestations of retinal arte-
ritis and phlebitis may include cystoid macular edema and vascular occlusion, both
of which may result in profound vision loss. Later manifestations may include sec-
ondary ischemia-induced neovascularization of the retina and optic disk. Neovascular
glaucoma has been reported in eyes afflicted with severe occlusive vasculitis
(Figs. 2.1 and 2.2).

The treatment for Behget’s disease is immunosuppression, particularly when ocu-
lar involvement is noted. Previous studies have demonstrated the benefit granted by
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Fig. 2.1 Wide-field
fluorescein angiogram of a
male with Behget’s
disease-associated retinal
vasculitis. The photograph
depicts tortuous vessels
with diffuse leakage (veins
and arteries) and
angiographic cystoid
macular edema. Courtesy:
Bryn Burkholder, MD

Fig. 2.2 Spectral domain OCT in a male with Behget’s disease-associated retinal vasculitis.
Pictured above is a region of inner retinal edema corresponding to an acute arteriolar occlusion (a).
Months later, after instituting therapy with infliximab, the residual inner retinal atrophic changes
are noted (b). The patient maintained 20/35 visual acuity due to relative sparing of the fovea.
Courtesy: Bryn Burkholder, MD
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instituting early immunomodulatory therapy with azathioprine, alkylating agents,
and, more recently, biologic mediators of inflammation such as infliximab. Given
the expected chronic course, corticosteroid monotherapy is not considered to be an
appropriate therapy given the side effects of long-term administration.

2.3  Systemic Lupus Erythematosus

Systemic lupus erythematosus (SLE) is an autoimmune disease characterized by the
presence of circulating autoantibodies. The majority of these autoantibodies are tar-
geted against cell nuclei, resulting in multisystem involvement.

In North America, the annual incidence of SLE ranges between 1.8 and 7.6 per
100,000 persons per year, with a reported prevalence of approximately 50 cases per
100,000 persons. The frequency of SLE varies by race and ethnicity, with higher
rates reported in blacks, Asians, and Hispanics. Worldwide, the prevalence of SLE
is variable, but the highest rates of prevalence have been reported in Italy, Spain, and
the UK Afro-Caribbean population. More than 90% of cases of SLE occur in women
of child-bearing age, suggesting a role for hormonal factors in the pathogenesis of
the disease [2].

There are a variety of clinical manifestations of SLE ranging from the classic
malar, or “butterfly” rash, to arthralgias (present in up to 85%) and nephropathy
(present in 50%). The American College of Rheumatology has created and updated
a list of clinical manifestations and serologic patterns that serve as diagnostic crite-
ria for SLE (Table 2.3) [5].

Patients with SLE may also develop ocular involvement. The most common
manifestations are surface disease, including episcleritis, scleritis, and keratocon-
junctivitis sicca.

Table 2.3 American College of Rheumatology Diagnostic Criteria for SLE

1. Malar rash Erythema over the malar eminences, tending to spare the
nasolabial folds

2. Discoid rash Erythematous raised patches with adherent keratotic scaling and
follicular plugging

3. Photosensitivity Skin rash as a result of reaction to sunlight

4. Oral ulcers Oral or nasopharyngeal ulceration, usually painless

5. Arthritis Nonerosive arthritis involving two or more peripheral joints

6. Serositis Pleuritis or pericarditis

7. Renal disorder Persistent proteinuria greater than 0.5 g per day or cellular casts

on urinalysis

8. Neurologic disorder Seizures or psychosis in the absence of offending drugs or known
metabolic derangements

9. Hematologic disorder | Hemolytic anemia, leukopenia, lymphopenia, or
thrombocytopenia

10. Immunologic disorder | Anti-SM positivity or positive antiphospholipid antibodies

11. Anti-nuclear antibody | An abnormal titer of antinuclear antibody

A diagnosis is made if at least four of the listed features manifest simultaneously or serially over
any length of time
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The retinal and choroidal manifestations of SLE are potentially blinding and are
considered to be important markers of systemic disease activity. Lupus retinopathy
was initially described in 1929, by Bergmeister, and since then, numerous investiga-
tors have elaborated on its clinical signs and manifestations. The incidence of lupus
retinopathy ranges from 3% in patients with mild disease to 29% in individuals with
active disease affecting other organ systems. Additionally, a strong correlation
between the presence of retinopathy and CNS disease has been described [2].

The most common signs of retinopathy are microangiopathic, mirroring the reti-
nal vascular changes seen in diabetic and hypertensive retinopathy. Early on, retinal
hemorrhages and cotton wool spots predominate. More advanced retinopathy
includes the presence of inflammation of the retinal arterioles and/or venules. The
most severe retinal lesion seen in lupus retinopathy is arterial occlusion, which can
result in severe and permanent vision loss. Sudden vision loss from a central retinal
vascular occlusion in a young individual without evident risk factors should prompt
the clinician to consider an underlying diagnosis of SLE. Arterial occlusion in SLE
can result in the same ischemic sequelac noted in other causes of retinal non-
perfusion, such as neovascularization, vitreous hemorrhage, and tractional retinal
detachment [6].

Individuals with retinal vasculopathy have a higher prevalence of concomitant
antiphospholipid antibodies including anticardiolipin and lupus anticoagulant. In
one study by Montehermoso et al., 77% of patients with SLE and retinal involve-
ment had positive antiphospholipid antibody titers, whereas only 29% of SLE
patients without retinal disease had positive titers [7].

The hemorrhages and vascular leakage noted in milder forms of lupus retinopa-
thy are believed to be mediated by immune complex deposition and inflammation,
while the histologic correlate of more severe occlusive disease is fibrinoid degenera-
tion and necrosis without significant inflammation [8].

A rare ocular manifestation of SLE is lupus choroidopathy, presenting with exuda-
tive retinal detachment. Described in multiple case reports, choroidopathy is typically
noted in patients with concurrent and highly active CNS and renal disease. Patients
often have associated uncontrolled hypertension. The pathogenesis is suspected to be
due to a combination of factors including the aforementioned uncontrolled blood
pressure and immune complex deposition in the choriocapillaris. Anti-retinal pig-
ment epithelium antibodies have also been implicated as a potential causative factor.
Several series have indicated that choroidopathy may be a sensitive indicator of sys-
temic lupus activity. The presence of SLE choroidopathy may be indicative of coex-
istent (although sometimes occult) nephropathy and CNS vasculitis [9].

The treatment for lupus retinopathy is immunosuppression, with corticosteroids
used to rapidly control active inflammation, and steroid sparing immunomodula-
tory therapy used for long-term control. Retinal photocoagulation, intravitreal
anti-vascular endothelial growth factor agents, and vitrectomy are used to treat the
structural complications of advanced retinopathy and vaso-occlusive disease.
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2.4 ANCA-Positive Vasculitis

The ANCA-associated vasculitides (AAV) include three clinical entities that are
characterized by systemic vasculitis and a high prevalence of positive serologic
testing for antineutrophil cytoplasmic antibodies. The three types of vasculitis
are granulomatosis with polyangiitis (GPA), microscopic polyangiitis (MPA),
and eosinophilic granulomatosis with polyangiitis (Churg—Strauss syndrome)
(EGPA).

The worldwide annual incidence of ANCA-associated vasculitis is estimated to
be 20 per million, with GPA accounting for about half in northern European popula-
tions, MPA a third, and the rest EGPA [10].

While ocular disease has been described in all of the ANCA-associated vasculi-
tides, it has been best characterized and most frequent in GPA. The necrotizing
vasculitis that characterizes GPA affects the upper and lower respiratory tracts and
the kidneys. The antineutrophil cytoplasmic antibody (ANCA) occurs in 80% of
patients with GPA. Ocular and orbital involvement can occur from 28% to 58% of
patients with GPA. The typical inflammatory disease in individuals with GPA is
scleritis, orbital inflammation, and peripheral ulcerative keratitis [2].

Posterior manifestations of ocular disease may include optic disk edema and
subsequent atrophy from active orbital inflammation and serous retinal detachments
from choroidal effusions in individuals with posterior scleritis.

Isolated retinal and choroidal disease is uncommon in most series, but reports of
microangiopathy and occlusive retinal vasculitis have been described (Fig. 2.3).
Microvascular changes such as cotton wool spots and retinal hemorrhages may be
seen, as well as sequelae of retinal non-perfusion. Choroidal vascular occlusions
and inflammatory masses have also been reported in individuals with GPA [11].

Similar to many autoimmune inflammatory diseases, the treatment of ANCA-
associated vasculitis requires the use of corticosteroids and transition to immuno-
modulatory therapy including alkylating agents and biologics for long-term
suppression of inflammation.

2,5 Susac’s Syndrome

Susac’s syndrome is an inflammatory microvasculopathy of undetermined etiology,
affecting the brain, the cochlea, and the retina. This syndrome typically occurs in
young women (20—40 years of age). Regarded as a rare disease, its true prevalence
is unknown. At presentation, central nervous system signs and symptoms occur in
80% of patients, cochlear involvement (hearing loss) in 52%, and retinal findings in
46%. Only 20% of patients present with the complete triad, resulting in difficulty
identifying the disorder. The diagnosis is based on clinical and radiographic find-
ings, as there is no definitive laboratory test [2].



22 I.Khan and A. Reddy

Fig. 2.3 Wide-field
fluorescein angiography
depicting occlusive
vasculitis in an individual
with GPA. There is a broad
region of superior and
temporal non-perfusion
that was treated with laser
photocoagulation (a). After
instituting systemic
anti-inflammatory therapy
the patient’s vasculitis
stabilized with resolution
of vascular leakage (b)

MRI findings include hyperintense foci on T2-weighted images. The lesions may
occur in both gray and white matter, supratentorially or infratentorially. Lesions
involving the central fibers of the corpus callosum are considered almost pathogno-
monic for Susac’s syndrome in the appropriate clinical setting.

The ocular manifestations of this syndrome include focal arteriolar narrowing
and occlusions (Fig. 2.4). Though the findings over time are usually bilateral, at the
onset of disease, findings may predominate in one eye. Retinal hemorrhages and
microaneurysms may be present. Over time, the occlusive retinal disease can lead to
the formation of arteriolar collaterals. The vitreous and anterior chambers are usu-
ally quiet, or, at most, mildly inflamed.

The treatment of the microangiopathy generally involves immunosuppression
with corticosteroids initially. Many types of steroid sparing immunosuppressive
therapy have been employed with varying levels of success.
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Fig. 2.4 Fluorescein
angiography depicting
segmental arteritis in a
young female with Susac’s
syndrome

2.6 Other Systemic Vasculitides with Ophthalmic
Manifestations

2.6.1 Polyarteritis Nodosa

Polyarteritis nodosa (PAN) is a systemic vasculitis affecting medium-sized and
small muscular arteries, preferentially at bifurcations. The inflammation may result
in aneurysmal dilatation which can be associated with rupture and thrombosis,
yielding multisystem organ dysfunction. The skin, peripheral nerves, joints, intes-
tines, and kidney may all be affected, in addition to the eye and orbit.



24 I.Khan and A. Reddy

A variety of ocular manifestations have been described including scleritis,
peripheral ulcerative keratitis, orbital inflammation, and retinal vasculitis. The
descriptions of retinal vasculitis have included vitritis and both arterial and venous
involvement (though arterial involvement has been more commonly described [12].

2.7 Kawasaki Disease

Kawasaki disease is a systemic vasculitis of children that typically affects the small-
and medium-sized blood vessels of the body, in particular, the coronary arteries. It
is most common in Asian children and the etiology is, as of yet, unknown.

Retinal vasculitis has not been described as a manifestation of this disease,
though there is a case report demonstrating retinal ischemia suspected to be related
to a thrombotic event from the systemic vasculitis [13]. The most common eye
finding is bilateral conjunctival injection. Anterior uveitis, intermediate uveitis, and
papilledema are less common findings. The anterior uveitis is usually bilateral and
mild and responds to topical corticosteroids and systemic therapy for the vasculitis.

2.8 Takayasu'’s Arteritis

Takayasu’s arteritis is a large-vessel granulomatous vasculitis that mostly com-
monly occurs in young or middle-aged Asian women. The vasculitis results in inti-
mal fibrosis and narrowing of blood vessels, affecting pulmonary arteries and the
aorta. As a result of the obstruction of the main branches from the aorta (subclavian
artery, common carotid artery, brachiocephalic artery), the absence or weakening of
the pulse in the upper extremities may be noted. The renal arteries may be markedly
attenuated as well, leading to renovascular hypertension.

While Takayasu’s arteritis is not associated with inflammation of the retinal vas-
culature, decreased blood flow to the retina and choroid as well as systemic hyper-
tension may result in a variety of ocular manifestations including amaurosis fugax,
hypertensive retinopathy (involvement of renal vasculature), and choroidal and reti-
nal non-perfusion leading to ocular ischemic syndrome, retinal neovascularization,
and its associated structural complications if left untreated, such as vitreous hemor-
rhage and neovascular glaucoma [8].

2,9 Retinal and Choroidal Imaging in Systemic Vasculitides
29.1 Fundus Photography

Fundus photography remains an important method for monitoring fundus changes
over time and documenting findings such as hemorrhages, disk appearance, and
retinal vascular caliber and branching patterns.

In addition, ultrawide-field (UWF) photography optical systems allow assessment
of the retinal periphery in individuals with both media opacity and miotic pupils.
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In individuals with retinal vasculitis, far peripheral vein sheathing and retinal
infiltrates that denote disease activity can clearly be detected with pseudocolor
imaging. Green laser and red laser separation images also provided additional infor-
mative value. Green laser light (red-free light) (532 nm) highlights the anterior reti-
nal structures and retinal vasculature and has demonstrated utility in the visualization
and quantification of lesions in the retina secondary to vasculitis. Even in patients
with significant vitritis, high-definition images can be obtained to improve disease
monitoring [14].

2.10 Fluorescein Angiography

The use of fluorescein angiography in ocular disease with a vasculitic component
has been well established. This imaging modality allows for the direct observation
of vascular hyperpermeability and capillary non-perfusion. As noted previously, the
presence of predominant arteritis versus phlebitis can help narrow the differential in
individuals with ocular inflammatory disease to an extent.

Behcet’s disease shows a predominant phlebitis on FA, though severe arteritis
and vascular occlusion may be noted rarely. Grading schema for the degree of reti-
nal vascular leakage has been described by authors for assessing individuals with
Behcet’s disease and their response to treatment. Mean total vascular leakage scores
based on fluorescein angiography have been shown to correlate with visual acuity
over time [14].

Fluorescein angiography has been integral in diagnosing reported cases of
Susac’s syndrome. The pathognomonic lesions noted on FA in Susac’s syndrome
are multifocal, segmental areas of arteriolar narrowing with leakage of dye from the
involved segments. The occlusions do not necessarily occur at the branches of the
arterioles, in contrast to emboli or thrombi [12].

FA is also useful to follow treatment efficacy as steroids or other agents are
tapered. The retinal and FA findings improve or resolve with treatment success and
recur during flares of the syndrome. This information would allow the care team to
intervene early, before further neurological or cochlear damage occurs.

The utility of ultrawide-field FA also allows for more accurate assessment of the
extent of vasculitis in the retinal periphery, aiding in titration of medical therapy and
also planning interventions such as laser photocoagulation.

In polyarteritis nodosa, the FA may reveal varying degrees of prolongation of the
arm-to-retina circulation time given the narrowing of the proximal vessels branch-
ing from the aorta.

2.11 ICG Angiography

Angiographic evaluation with indocyanine green (ICG) can be used to study the
choroidal circulation in systemic diseases.

ICG imaging has been used to visualize the choroidal circulation in lupus cho-
roidopathy. Studies have revealed focal, transient early-phase hypofluorescence
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followed by late-phase diffuse hyperfluorescence, distortion of the large choroidal
vessels, and also focal clusters of choroidal hyperfluorescence in the intermediate
phase. It has been postulated that the focal areas of hyperfluorescence in the inter-
mediate frames may actually represent ICG staining of immune complexes.

Baglio et al. used indocyanine green angiography to demonstrate that subtle
changes in the choroidal circulation can be seen in patients with SLE-associated
nephropathy, while similar findings are not seen in SLE patients without renal
involvement [15].

2,12 Optical Coherence Tomography (OCT)

OCT is a noninvasive imaging modality that is now essential in assessing individu-
als with retinal vasculitis. Cystoid macular edema is a common occurrence in such
patients and a primary cause of vision loss, which is easily and accurately measured
by OCT. OCT can be used to monitor response to both local and systemic treatments.

Additionally, the presence of inner retinal edema noted on OCT can support a
diagnosis of retinal vascular occlusion.

More recently, an OCT technique termed “enhanced depth imaging” (EDI) has
been utilized to provide an enhanced view of the choroid and to measure choroidal
thickness. Previous studies have indicated that choroid thickness is increased during
the development of Vogt—Koyanagi—Harada (VKH) disease and is greater in the
acute phase of the disease than in the convalescent phase. A recent study evaluating
individuals with Behget’s disease has shown that subfoveal choroidal thickness is
greater in the acute phase of uveitis than in the remission phase and correlates sig-
nificantly with retinal vascular leakage by fluorescein angiography [16].

OCT has also been used to evaluate retinal nerve fiber layer and central macular
thickness in individuals with a history of neuro-Behget’s disease and healthy control
subjects. The average RNFL in patients with neuro-Behcet’s disease was signifi-
cantly lower than that of healthy controls, and average central macular thickness
was significantly lower [17].

Retinal vasculitis may occur in the setting of a systemic vasculitic disorder.
Recognizing the systemic context in which the ocular inflammation occurs may
be of critical importance, both for limiting permanent ocular sequelae and also sig-
nificant systemic morbidity and mortality. Therapeutic options include local ocular
treatments (local steroid, laser), but systemic immunosuppressive therapy in con-
junction with these measures is paramount. Retinal imaging may serve as an inte-
gral tool for gauging both the response to therapies and the need to escalate therapy.
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Abstract

The growth of various medical therapies has led to an increased frequency of
medication induced side effects. The number of drugs that adversely affect the
eye continues to rise, and their effects pose a great challenge to all ophthalmolo-
gists. Traditionally, most drug-induced side effects were diagnosed clinically
according to the patient’s presenting symptoms and signs and history of medica-
tion use. However, as imaging is used more and more commonly, many of these
complications are initially diagnosed at imaging instead of at clinical presenta-
tion. Therefore, it is important for ophthalmologists to recognize the imaging
appearance of common drug-induced complications and to include drug-induced
toxicity in the differential diagnosis. Earlydetection of drug-induced retinal tox-
icity is important because many of theses changes can be reversed if the drug is

discontinued promptly.
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Table 3.1 Classification of drugs based on the mechanism of retinal toxicity

Pigmentary retinopathy | Vascular damage Crystalline retinopathy | CME
Quinolines Talc Tamoxifen Latanoprost
Thioridazine Cisplatin Talc Epinephrine
Clofazimine Interferon Canthaxanthin Dipivefrin
Deferoxamine Carmustine Nitrofurantoin Niacin
Phenothiazine Quinine sulfate Methoxyflurane Taxols
Chlorpromazine Aminoglycoside

Cisplatin Ergot derivatives

Corticosteroid Oral contraceptives

The eye is a specialized organ in the body with high degree of sensitivity to the
systemic use of toxic substances. The retina is privileged to have the blood retinal
barrier, which limits the access of these toxic chemicals across it thus protecting this
vital tissue. However, ocular side effects from systemic administration of drugs are
well recognized, and more than 30 drugs have been associated with retinal toxicity.

Toxicity from these drugs is of serious ophthalmologic concern because even
after cessation, many of these drugs continue to produce progressive visual loss.
Hence, it is imperative to recognize the ocular involvement early. This review will
focus on the use of multimodal imaging techniques which would aid the clinician
with better understanding of the pattern of these toxicities which is important in the
screening, diagnosis, and management of these adverse effects. Of all the investi-
gations available to image the posterior segment, the ones which are crucial in the
management of medication-related retinal toxicity will be described in detail.

With regard to the mechanism of toxicity, these drugs have been classified into
different groups, as has been illustrated in Table 3.1. There are thousands of sys-
temic medications, and it would be impractical to cover the retinal toxicity pro-
duced by each one of these medications. This chapter reviews the latest evidence
on the imaging modalities in retinal toxicity caused by more commonly employed
agents.

Broadly, drug-related retinal toxicity can be classified as shown below:

e Pigmentary retinopathy

e Crystalline retinopathy

» Retinal vasculopathy

* Retinal folds

e Cystoid macular edema (CME)

3.1 Drugs Causing Toxicity of the Retinal Pigment
Epithelium (RPE)

These are the group of drugs that when administered systemically may lead to irre-
versible damage to the retina mainly to the retinal pigment epithelium. Chloroquine
and hydroxychloroquine are the prototype drugs belonging to this category.
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3.1.1 Chloroquine and Hydroxychloroquine

3.1.1.1 Mechanism of Retinal Damage

The mechanism of chloroquine (CQ) and hydroxychloroquine (HCQ) toxicity is
not well understood. HCQ induces lysosomal dysfunction in photoreceptors and
retinal pigment epithelium (RPE) cells which leads to accumulation of lipofus-
cin in RPE [1, 2]. Melanin binding increases the concentration of the drug in the
retina and further contributes or prolongs the toxic effects. The macular localiza-
tion of the disease suggests that light absorption or cone metabolism may play a
role [1].

3.1.1.2 Clinical Features

In early stages, patients are usually asymptomatic, though rarely may note a para-
central scotoma that causes trouble with reading as well as diminished color vision.
When allowed to advance, HCQ retinal toxicity leads to loss of up to three visual
functions: visual acuity, peripheral vision, and night vision.

The characteristic finding in HCQ retinopathy is bull’s eye maculopathy. It is
caused by buildup of the systemic drug, and thus the findings are usually bilateral
and symmetric. The early signs of hydroxychloroquine toxicity are macular edema
and/or bilateral granular depigmentation of the RPE in the macula (Fig. 3.1a). With
continued exposure to the drug, this can progress to an atrophic bull’s eye macu-
lopathy with concentric rings of hypopigmentation and hyperpigmentation sur-
rounding the fovea (Figs. 3.1 and 3.2) [1, 3].

3.1.1.3 Imaging Modalities

Screening Tests
The risk of retinal toxicity is not precisely known, and the recent literature suggests
that the true risk may be substantially higher [2]. A new study, comprising almost
4000 patients, reported that after 5-7 years of usage, the risk approaches 1% and
continues to rise with prolonged exposure [4]. A greater overall risk of toxicity
(above 1%) is believed to justify a more aggressive screening algorithm.

The various screening tests in this regard include:

e Spectral-domain OCT (SD-OCT)

SD-OCT empowered with high-speed high-resolution scanning has enabled us
to detect significant structural alterations prior to development of clinically visible
HCQ retinopathy. Earlier studies on optical coherence tomography in HCQ reti-
nopathy have revealed findings such as loss of the external limiting membrane
(ELM), disruption of the outer ellipsoid zone, parafoveal thinning of the outer
nuclear layer, and RPE damage [5-8].

Relative foveal resistance has been noted in HCQ toxicity, which is observed as
the preservation of the subfoveal outer retinal layers, accounting for the intact cen-
tral visual acuity that can be seen even in advanced cases of retinopathy [9]. On the
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Fig. 3.1 (a) Color photographs of both eyes from a patient on hydroxychloroquine for the past
7 years, at 5.0 mg/kg/day, showing early bull’s eye maculopathy. (b) On fundus autofluorescence,
there is a ring of hypoautofluorescence. (¢) Spectral-domain optical coherence tomography scans
show slight thinning of the outer retina, with an early “flying saucer” sign. (d) A 10-2 Humphrey
visual field documents mild diminution of function centrally. Visual acuity was 20/30 right eye and
20/40 left eye
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Fig. 3.1 (continued)

Fig. 3.2 (a) A patient on hydroxychloroquine for the past 25 years. In addition to a long duration
of drug exposure, the patient had slowly developed renal dysfunction. The daily dosage exceeded
7.0 mg/kg/day. (a) Color photographs reveal widespread pigment thinning and mottling, while (b)
the fundus autofluorescence highlights abnormalities well beyond a typical bull’s eye lesion. (c)
The fluorescein angiogram shows mottled hyperfluorescence throughout the entire posterior pole,
and the (d) spectral-domain optical coherence tomography shows a very prominent “flying saucer”
sign. Vision was 20/200 both eyes



R.M. Paulose et al.

Fig.3.2 (continued)
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Fig. 3.2 (continued)

basis of this phenomenon, Eric Chen et al. have described flying saucer sign of HCQ
retinopathy (Figs. 3.1 and 3.2). Here, an ovoid appearance is created by the intact
central foveal outer retinal structures contrasting to the adjacent perifoveal loss of
the photoreceptor ellipsoid band and outer nuclear layer atrophy [10].

While earlier researchers were focused on the outer retinal changes in HCQ reti-
nopathy, the area of interest is slowly drifting toward the inner retinal alterations as
well. Pasadhika et al. observed selective thinning of the perifoveal inner retina on
SD-OCT, especially the inner plexiform and ganglion cell layers in the absence of
structural changes to the outer retina [11, 12]. However, retinal nerve fiber layer
thinning was not evident in these patients, which they proposed will happen eventu-
ally once significant retinal ganglion cell degeneration has occurred.

¢ Fundus autofluorescence (FAF)

FAF imaging is an effective noninvasive diagnostic method that can detect abnor-
malities of the RPE [13, 14]. Results of FAF imaging correspond to RPE lipofuscin
characteristics which is a naturally occurring autofluorescent substance [13].
Absence of FAF indicates photoreceptor or pigment epithelial cell loss [14]. An
increased FAF indicates accumulation of lipofuscin due to abnormal metabolism
with increased phagocytosis of photoreceptor outer segments or an inherited or
acquired defect of the phagocytic processes of the RPE cells [15, 16].

Early HCQ toxicity can also be detected on FAF as an increased ring of signal
within the parafoveal and perifoveal regions, which is indicative of photoreceptor
dysfunction and RPE abnormalities. More advanced disease will lead to loss of
autofluorescence within these regions due to photoreceptor and RPE loss, often
with surrounding hyperfluorescence (Figs. 3.2 and 3.3).
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Fig.3.3 (a) Color photographs from a patient of Asian descent on hydroxychloroquine showing signs
of toxicity, with well-delineated bull’s eye lesions, (b) mottled hyperfluorescence on fluorescein angio-
gram, and (¢) aring of hypoautofluorescence on fundus autofluorescence. (d) A spectral-domain optical
coherence tomography shows pericentral retinal thinning with loss of the IS/OS junction, (e) the 10-2
HVF shows prominent loss of visual field, and the (f) mf-ERG documents marked suppression of func-
tion surrounding an annual pattern around the fovea (courtesy of David Sarraf, MD, Los Angeles, CA)
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FAF is a good tool to monitor progression in known cases of HCQ retinopathy
even after stopping the therapy. FAF intensity depends on the degree of RPE dam-
age. Early changes include mottled or speckled appearance in the pericentral mac-
ula which eventually coalesces into dark areas of absent FAF signal once the cells
have died. These dark regions may be bordered by a rim of increased autofluores-
cence, indicating which RPE cells will undergo degeneration next [14].

e Multifocal electroretinogram (mf-ERG)

Identifying retinal toxicity due to CQ or HCQ is a pertinent application of mf-
ERG. HCQ toxicity that first affects small areas of the retina between 5° and 15°
from the fovea shows a color display of normal mf-ERGs. The amplitude of the
mathematically derived b-wave of the mf-ERG is displayed in a color scale. White
represents maximum b-wave amplitude, and black indicates no measureable b-wave.
Clinically, areas that map black usually represent blind spots to the patient, and dark
blue reflects areas of blurry vision (Fig. 3.3).

The mf-ERG may show “a moat around a small hill” appearance. The most com-
mon waveform pattern seen in patients with HCQ toxicity is paracentral amplitude
loss, indicative of decreased perifoveal retinal function. Latest reports suggest that
serial mf-ERGs may detect decreased retinal function even earlier than other modal-
ities in patients with otherwise normal clinical examinations, though this has not
been fully proven.

Maturi et al. in their study on the use of mf-ERG in long-term HCQ users sug-
gested that prolonged implicit time in addition to the reduction in parafoveal ampli-
tude may be a more specific feature [17]. Furthermore, they demonstrated three
additional configurations of mf-ERG amplitudes in HCQ users:

1. Central foveal loss
2. Peripheral loss
3. Generalized loss

Overall mf-ERG testing has emerged as a promising objective measure for
detecting early HCQ toxicity. It is generally employed after a patient has been on
HCAQ for five or more years.

e Humphrey visual field (HVF 10-2)

HCQ toxicity is characterized by subtle paracentral visual field defects. 10-2
white pattern deviation plots or red 10-2 fields can be done which often times shows
a loss of sensitivity 2—6° off center and is very significant (Fig. 3.1). Even the most
subtle change should be thoroughly evaluated with additional objective testing. In
progressive disease, patients usually will have paracentral and central or foveal
defects, whereas in late-stage or advanced disease, there is paracentral scotoma.
Please also note that patients of Asian descent more typically exhibit perifoveal pat-
terns of toxicity, rather than central changes.
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* Adaptive optics (AO)

Adaptive optics is a technology used to improve the performance of optical
systems by reducing the effect of wavefront distortions. The advent of AO has
enabled in vivo visualization of cone mosaic to resolutions of <2 um [18-20].
Thus, using adaptive optics, photoreceptor abnormalities have been revealed in
various retinal diseases that were otherwise not discernible with other imaging
modalities [19, 21].

The data regarding the use of AO in HCQ remain in its early stages. Few anec-
dotal reports demonstrate the disruption of cone photoreceptor mosaic in areas cor-
responding to HVF 10-2 defects and SD-OCT ellipsoid zone abnormalities [21].
Although AO serves as a noninvasive and high-resolution imaging modality, the
findings are yet to be validated in HCQ retinopathy.

Other investigative modalities for drug-induced pigment epithelial and retinal
toxicity include microperimetry, full-field ERG, and fluorescein angiography (FA).
Microperimetry can be a useful tool to study the impact of macular RPE changes on
visual function in this disease. The latest models of microperimeters incorporate a
color fundus camera for image registration and an auto-tracking system to facilitate
the accurate measurement of retinal sensitivity within the central visual field, even
in patients with unstable or extrafoveal fixation. This allows detection of absolute
scotomata, relative scotomata, or abnormally reduced retinal sensitivity in patients
with macular pathologies.

Clinical pearls—HCQ retinopathy

* Hall mark—pigmentary retinopathy

* Bull’s eye maculopathy
e SD-OCT—relative foveal resistance
“Flying saucer sign”

* FAF-increased AF signal in the parafoveal and perifoveal regions
Late stages—Iloss of AF

* Mf-ERG-reduced b-wave amplitude in 5—15°

* HVF 10-2—loss of sensitivity 2—6° off center

* Adaptive optics—cone photoreceptor mosaic disruption

3.1.2 Deferoxamine (DFO)

Deferoxamine is a widely used chelating agent in treating transfusional hemochro-
matosis. It is indicated in patients who require long-term blood transfusions. DFO
prevents iron overload due to these repeated transfusions and thus protects from
systemic iron toxicity. However, retinal toxicity due to DFO has been recognized
widely, and there are different estimates of the incidence of retinal toxicity due to
DFO ranging from 1 to 9% [22-27].

Although a clear relationship between drug dosage and development of DFO
retinopathy could not be identified in most studies, it has been found that older age
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and longer duration of DFO treatment may be associated with more advanced forms
of retinopathy.

3.1.2.1 Mechanism of Toxicity

The mechanism of DFO toxicity has been extensively studied; however, it is still
not well understood. But recent studies have identified DFO-mediated direct toxic
effect on the RPE cells, thus leading to acceleration of the programmed cell death
of these cells [27].

3.1.3 Clinical Features

The acute stage of DFO retinopathy is characterized by retinal opacification or loss
of transparency, as well as EOG and ERG attenuation. This stage is followed by
macular and/or equatorial RPE pigmentary mottling, which persists even after func-
tional recovery. Multiple case reports have described characteristic fundus lesions
of DFO retinopathy seen by ophthalmoscopy and fundus photography; these lesions
included pigmentary retinopathy, Bull’s eye maculopathy, and possible vitelliform
maculopathy (Fig. 3.4) [28, 29].

Fig. 3.4 (a) Color photographs of both eyes documenting diffuse pigment mottling in a patient on
long-term deferoxamine. (b) The fundus autofluorescence highlights the areas of pigment mottling
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3.1.4 Investigations

3.1.4.1 Fundus Autofluorescence on Confocal Scanning Laser
Ophthalmoscopy

To date, FAF imaging using cSLO seems to be the most effective clinical adjunct for

the diagnosis and evaluation of patients with DFO retinopathy [25]. Viola et al. in

2012 described four phenotypic patterns of abnormal FAF in thalassemic patients

who needed long-term DFO treatment with the use of a ¢SLO device [26]. The

characteristics of each pattern are described below.

*  Minimal change pattern—Eyes with only minimal variations from the normal
FAF appearance, with irregularly increased or decreased background FAF, are
included in this group.

e Focal pattern—This pattern is defined by the presence of at least one medium-
sized spot (diameter, 101-199 pm), of markedly increased FAF that is much
brighter than the surrounding background autofluorescence. On color fundus
photographs, these spots may correspond to visible alterations, such as focal
hyperpigmented areas.

e Patchy pattern—This pattern is characterized by the presence of at least one large
area (>200 pm) of markedly increased FAF. These areas are brighter than the
surrounding background FAF, usually with well-defined borders.

e Speckled pattern—The speckled pattern is defined by the presence of multiple
small areas of irregularly increased and decreased FAF that extend beyond the
macula (Fig. 3.4).

3.1.4.2 Spectral-Domain OCT

In the early stage of the disease, SD-OCT usually shows only focal thickenings or
bumps of the RPE, resembling basal laminar drusen. With further advancement of
the disease, these RPE bumps coalesce to form hyperreflective dome-shaped lesions
that disrupt the architecture of the overlying outer retinal layers. Later stages show
progressive atrophy of RPE and photoreceptors. End stage shows migration of
hyperreflective subretinal deposits toward the outer plexiform layer interrupting the
overlying external limiting membrane.

3.1.4.3 Visual Field

The deterioration of visual fields with long-term DFO treatment has been well
documented in the literature. The most common alterations were generalized con-
striction of the visual field [26, 30] or central-paracentral scotomata [31]. However,
it was noticed that these abnormalities resolved after withdrawal of high-dose
therapy.

3.1.4.4 Electrophysiology

Electroretinogram (ERQG) or also electrooculogram (EOG) is essential for analyzing
the location, extent, and degree of functional loss due to DFO retinopathy.
Electrophysiology performed in rats given intravenous DFO showed early dose-
related suppression of b-wave amplitude [32, 33].
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Fortunately, these changes were found to normalize after splenectomy and ces-
sation of DFO therapy.

3.1.5 Drugs Causing Crystalline Retinopathy

3.1.5.1 Tamoxifen Toxicity

The prototype of this group of drugs is tamoxifen which is quite commonly
employed for cancer chemotherapy in the setting of metastatic breast carcinoma and
advanced glioblastoma. Perifoveal crystalline maculopathy (Fig. 3.5) is the hall-
mark of tamoxifen toxicity, though it was observed that this correlation was mainly

Fig. 3.5 (a) Color photographs of both eyes showing a ring of intraretinal perifoveal crystals in a
patient on high-dose tamoxifen (200 mg/day), for treatment of glioblastoma. (b) A red free image
highlights the crystals (images courtesy of Dave Sarraf, MD, Los Angeles, CA)
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dose related and was seen in patients with daily dose more than 60-100 mg. Ever
since the reduction of the dose to 20 mg/day, there have been only fewer reports of
documented toxicity (approximately 3% of patients). Interestingly, with the advent
of newer investigative modalities, a higher percentage of drug users have been noted
to have subtle evidence of toxicity [34—38].

3.1.6 SD-OCT

Without the benefit of SD-OCT imaging, many cases of tamoxifen maculopathy
would have been overlooked just by the clinical examination alone. SD-OCT picks
up pseudocystic cavitary spaces in the central macula (Fig. 3.6) [39-41]. Most of
these cases are diagnosed much before other signs and symptoms appeared in the
patient. Foveal cavitation may predispose to full-thickness macular holes, which
have been reported to develop five times more often in tamoxifen users than in
women of similar age [42].

Fig. 3.6 (a) Color
photograph of the right eye
from a patient on
tamoxifen, showing only
minimal evidence of
intraretinal crystals in a
perifoveal pattern. (b) The
spectral-domain optical
coherence tomography
documents a cavitary
pattern seen in the setting
of tamoxifen (images
courtesy of Richard F
Spaide, MD, New York,
New York)




44 R.M. Paulose et al.

Both the cavitations and the crystalline retinopathy of tamoxifen toxicity are
strikingly similar to those produced by idiopathic macular telangiectasia type 2. In
MacTel 2, there is disturbance in the Muller cell functioning and structural integrity,
ultimately leading to a loss of macular pigment and pseudocystic atrophy [42].
Crystals are found superficially in areas of altered Muller cell morphology and are
hypothesized to be located within Muller cell footplates and adjacent processes sur-
rounding retinal neurons [34].

The highest incidence of retinopathy was reported by Chung and associates, who
screened breast cancer patients on 20 mg of daily tamoxifen with both time-domain
OCT and SD-OCT and found that 6 of 49 patients (12.2%) had retinal cavitations,
visualized reliably only with high-resolution scans [38].

3.1.7 Fundus Autofluorescence

Autofluorescence imaging shows punctate hyperautofluorescent foci corresponding
to the yellow spots seen clinically, as well as absence of the normal foveal
hypoautofluorescence.

3.1.8 Fluorescein Angiography (FA)

Unlike the angiographic macular edema seen in various other drug toxicities, FA
reveals mild hyperfluorescence in the central macula corresponding to the area of
pseudocystic atrophy of the retina but with no leakage. This proves that it is not a
true macular edema (yet typical leaking cystoid macular edema has been seen in
select cases).

The recent consensus is that patients on tamoxifen therapy may benefit from
baseline and yearly screening with fundus examination and SD-OCT imaging.
Isolated crystalline retinopathy without SD-OCT findings does not warrant stop-
page of the drug. However, the presence of cavitary spaces on SD-OCT should
prompt reconsideration of tamoxifen treatment. In such cases, the patient’s oncolo-
gist should be consulted, and consideration should be given to modifying the dose
or discontinuing the drug.

Clinical pearls in crystalline retinopathy

* Prototype—tamoxifen

* Underdiagnosed in early stages

* SD-OCT—pseudocystic cavitation at the fovea, early sign

* FAF—hyper-AF at the area of crystalline deposits and altered foveal hypoautofluorescence
* FA—mild hyperfluorescence in the central macula without active leak

» Recent consensus—baseline and yearly screening with fundus examination and SD-OCT
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3.1.9 Vascular Toxicity

3.1.9.1 Talc Retinopathy
An important drug in this group is talc, which is an insoluble inert particulate filler
material used in the preparation of certain oral, inhalational, and intravenous drugs.
When injected systemically, these fine particles enter into the systemic circulation
which further embolize and get lodged in the retinal vessels, thus causing ischemia.
Talc retinopathy is characterized by the appearance of these crystals, which are
found inside the small retinal arteries throughout the fundus (Fig. 3.7). Talc crystals
should be differentiated from other conditions causing crystalline retinopathy and
from other causes of retinal embolism.

3.1.10 Adaptive Optics and SD-OCT

The advent of adaptive optics has made it possible to detect the deposits of talc in
the blood vessels in the retina. As reported by Soliman et al., AO imaging revealed
multiple shiny refractile dots distributed both intravascularly and extravascularly
corresponding to those seen in the fundus. The high resolution of AO allowed detec-
tion of some tiny particles that were not detectable clinically [41].

Fig. 3.7 Color photograph
of the left eye from a drug
abuser, showing numerous
intra-arterial talc particles




46 R.M. Paulose et al.

With SD-OCT, the locations of these crystals with respect to retinal layers have
been demonstrated. They were found distributed among the inner retinal layers
where retinal blood vessels reside [43]. SD-OCT demonstrated multiple hyperre-
flective dots of varying sizes scattered among the nerve fiber layer, ganglion cell
layer, inner plexiform, and inner nuclear layer. Thinning of the inner retinal layers
in temporal part of the macula was noted in the same patient [43].

3.1.11 Aminoglycoside Toxicity

Another important drug which causes vascular damage is aminoglycoside antibiot-
ics, presenting as macular or retinal infarction. In such cases, FA reveals the areas
of non-perfusion, but more interestingly SD-OCT shows inner retinal layer hyper-
reflectivity suggestive of ischemia.

3.1.11.1 Drugs Causing Macular Edema

Several medicines have been associated with the development of CME, and these
include agents such as prostaglandin analogues like latanoprost, nicotinic acid, epi-
nephrine, and taxols (Fig. 3.8).

Fig.3.8 Fluorescein angiogram showing macular cystic spaces from a patient on paclitaxel. Upon
discontinuation of the medication, the cystic spaces resolved. A fluorescein angiogram (not shown)
did not reveal any late leakage even when the cystic spaces were present
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3.1.11.2 Mechanism of Action

The macular edema caused by these drugs cannot be called true macular edema, as
this “pseudo-macular edema” is probably caused by intracellular fluid accumula-
tion, as opposed to true edema, which is in the extracellular space [44].

3.1.11.3 Investigations
Fluorescein angiography and OCT are useful to confirm the diagnosis.
FA—TFluorescein angiogram shows absence of fluorescein leakage or vascular
alteration contrary to that expected in a case of typical cystoid macular edema.
The petaloid appearance caused by fluorescein dye leakage typical of CME is
absent [45].
OCT—-Optical coherence tomography shows fluid accumulation in the form of
intraretinal cystoid spaces that appear more numerous and larger in the outer plexi-
form layer than that in the inner nuclear zone [46, 47] (Fig. 3.8).

3.1.11.4 Treatment
Treatment is discontinuation of the medication, which generally allows for rapid
resolution of the pseudo-CME and restoration of visual function (Fig. 3.8).

3.1.11.5 Miscellaneous Agents
Sildenafil

Mechanism of Action

Sildenafil improves erectile function in men with ED (erectile dysfunction) by
selectively inhibiting cyclic guanosine monophosphate (cGMP)-specific phospho-
diesterase type 5 (PDE-5), which is present in all vascular tissues and enhances the
smooth muscle relaxant effects of nitric oxide [48].

The choroid being analogous in many respect to the corpus cavernosum has been
described as an erectile tissue in the literature [49]. The fenestrated choroidal vascu-
lature is highly responsive to both local and neurogenic stimuli, and the uveal system
may hold up to 97% of the intraocular blood volume. Sildenafil, thus inducing
smooth muscle relaxation, causes increased choroidal perfusion. This can second-
arily affect retinal and retinal pigment epithelial function and could predispose users
to serous retinal detachment or retinal edema [50].

Imaging in sildenafil toxicity.

Enhanced depth imaging—Enhanced depth imaging (EDI) OCT moves the imag-
ing focal point of spectral-domain OCT (the zero-delay line) more posteriorly,
allowing for a stronger returning reflection from the choroid, resulting in better
definition of details [51]. A study by Kim et al. on the measurement of choroidal
perfusion and thickness following systemic sildenafil showed statistically signifi-
cant increase in choroidal thickness as measured by EDI-OCT 2 h after 50 mg of
sildenafil [52].
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Neurosensory detachment on OCT—The increase in choroidal thickness follow-

ing sildenafil ingestion [51] favors the prior reports on the development of the
central serous retinopathy following the pharmacological use of sildenafil [53, 54].
This has led to greater global concern for the need to limit the prescription and
usage of these agents.

Swept-scan ultrasound—The study conducted by Kim et al. also demonstrated

that 2 h after ingestion of 50 mg of sildenafil, there was an increase in choroidal
perfusion as measured by 20 MHz swept-scan ultrasound which was found to be
statistically significant [52].

Conclusion

Retinal toxicity from systemic medications is of serious ophthalmologic and
medicolegal concern because even after cessation of therapy, many of these
drugs continue to produce progressive visual loss. In the majority of cases, the
damage remains permanent. With the newer enhanced imaging modalities, it is
possible for the ophthalmologist to identify the retinal toxicities at a very early
stage before the clinical signs appear. But the standardization of the results with
these sophisticated methods needs to be better assessed via randomized con-
trolled trials in the future, or at least further observatory studies.
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Retinal Manifestations in Hematological
Disorders

Giulio Barteselli, Maura Di Nicola, and Laura Dell’Arti

Abstract

Red blood cell, white blood cell, and platelet disorders often lead to a large vari-
ety of hematologic effects in ocular tissues, and especially in the retina. Although
retinal findings may not be pathognomonic of a specific blood disorder, ophthal-
mologists can directly visualize characteristic retinal changes and be the first to
diagnose a blood dyscrasia. Typical findings on indirect ophthalmoscopy are reti-
nal hemorrhages, microaneurysms, hard exudates, cotton wool spots, macular
edema, retinal vascular edema, pallor of the disc, edema of the disc, retinal and
optic disc neovascularization, vitreous hemorrhage and inflammation, retinal and
retinal pigment epithelium detachment, and retinal and choroidal infiltrates.
Other retinal findings may be more indicative of a specific blood disorder, such
as thalassemia or sickle cell disease. High-resolution imaging can help ophthal-
mologists in the detection of early retinal changes or more peculiar findings and

can guide physicians in an early diagnosis of a specific blood dyscrasia.
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4.1 Introduction

The term “dyscrasia” is used in medical context to indicate a disease of the blood,
usually referring to disorders of the cellular elements including red blood cells,
white blood cells, and platelets, which represent 45% of the total blood volume.
About 55% of the blood is an aqueous solution called plasma, containing 92%
water. The remaining 8% of the plasma consists of proteins (albumin, globulin,
fibrinogen, and enzymes), lipids, carbohydrates, hormones, vitamins, and salts. The
term serum refers to plasma from which the clotting proteins have been removed.

Disorders of the red blood cells are associated with mutations in the globing
genes determining abnormal synthesis of hemoglobin. These are the most frequent
monogenic disorders worldwide and affect approximately 7% of the global popula-
tion [1]. Adult hemoglobin (HbA) is formed by the combination of two a-globin
and f-globin proteins with a central heme molecule [2]. Hemoglobin abnormalities
might be a result of synthesis of abnormal molecules or reduced synthesis of normal
a- or f-globin chains (thalassemias).

e «a-Thalassemia is more common in the far east, and the clinical severity of the
disease varies according to the number of missing/inactive genes.

e P-Thalassemia is more frequent in the Mediterranean region, presumably due
to the selective pressure from Plasmodium falciparum malaria in this area. In
B-thalassemia major either small amounts or no P-chains are synthetized. As
a result, both erythroblasts and mature red cells are deformed and precipitate,
resulting in ineffective erythropoiesis and hemolysis. Blood transfusions are nec-
essary for patient’s sustainment, along with chelation therapy in order to avoid
iron overload. B-Thalassemia trait (minor) is a common and usually symptomless
condition with mild anemia, while cases of thalassemia of moderate severity not
requiring regular transfusion are usually referred to as f-thalassemia intermedia.

* Sickle cell disease includes a group of disorders in which the sickle B-globin
gene is inherited. Inheritance of the disease is autosomal recessive, so either two
copies of sickle hemoglobin (HbS) or one copy of HbS plus another variant (such
as HbC) is required for disease expression [2]. Several combinations are possi-
ble: HbSS (homozygous) is the most common, but HbSC and HbS-thal might
also cause sickling disease. HbS is insoluble and forms crystals with low oxygen
tension: as a result, red cells sickle and might block microvessels or larger ves-
sels causing infarcts of various organs. Clinical features include severe hemo-
lytic anemia punctuated by different types of crises: vaso-occlusive, visceral,
aplastic, or hemolytic. Prophylaxis aiming at preventing crisis is mandatory in
the management of sickle cell disease, along with the use of different combina-
tions of folic acid and hydroxyurea. Sickle cell trait is a benign condition with no
anemia and normal appearance of red blood cells.

Disorders of the white cells are secondary to either an increase or decrease of
white blood cells, which are classified into myeloid leukocytes and the lymphocytes
[3-5]. The myeloid lineage includes neutrophils, monocytes, eosinophils, and baso-
phils. Lymphocytes include T cells, B cells, and natural killer cells. White blood cell
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diseases may involve only one of the five types of white blood cells, or a few or all
five types together. Disorders of neutrophils and lymphocytes are the most common,
while abnormalities of monocytes, eosinophils, and basophils are less common.

e Leukocytosis refers to a higher than normal number of the total white blood cells
due to any cause. It may be caused by an increase of neutrophils (neutrophilia),
lymphocytes (lymphocytosis), monocytes (monocytosis), eosinophils (eosino-
philia), basophils (basophilia), or immature cells (blasts). Leukocytosis can be
caused by infection, inflammation, allergic reaction, malignancy, hereditary dis-
orders, physiologic processes (stress, exercise), or other miscellaneous causes.
This condition causes vascular occlusions, often resulting in organs’ ischemia,
hemorrhage, and edema.

¢ Leukemias are heterogeneous neoplastic disorders of white blood cells. They can
be divided into myeloid or lymphoid, depending on their origin, and into acute or
chronic. A clone of leukemic cells may arise at any stage of maturation, in the
lymphoid, myeloid, or pluripotential stage. Rearrangement of the DNA due to
both external factors (chemicals, alkylating agents, ionizing radiation) and inter-
nal factors (such as chromosomal abnormalities) seems to represent the cause of
the clonal expansion. Acute leukemias, acute lymphocytic leukemia (ALL), and
acute myelogenous leukemia (AML) usually present with progressive weakness
and fatigue secondary to anemia, infection secondary to leukopenia, and bleed-
ing secondary to thrombocytopenia. Many patients with chronic leukemias,
chronic myelogenous leukemia (CML), and chronic lymphocytic leukemia
(CLL) are asymptomatic. In other patients, clinical manifestations include sple-
nomegaly, lymphadenopathy, hepatomegaly, fever, weight loss, malaise, fre-
quent infections, bleeding, and thrombosis.

e Leukopenia is an abnormally low number of the white blood cells found in the
blood; the clinical sequelae of leucopenia usually manifest as infections.
Neutropenia refers to a decrease in the number of circulating neutrophil granulo-
cytes, the most abundant white blood cells. Low white cell count may be due to
acute viral infections, chemotherapy, radiation therapy, myelofibrosis, aplastic
anemia, other systemic diseases and other medications. Lymphocytopenia is due
to a decreased number of lymphocytes in the blood. The most common causes
are AIDS and undernutrition.

e Plasma cell dyscrasias form a heterogeneous group of diseases characterized by
the expansion of the number of monoclonal bone marrow plasma cells that pro-
duce monoclonal immunoglobulins. Plasma cell dyscrasias include multiple
myeloma, Waldenstrom’s macroglobulinemia, heavy chain diseases, amyloido-
sis, and benign monoclonal hypergammaglobulinemia (or monoclonal gammop-
athies of undetermined significance).

Inherited or acquired disorders of platelet count or function might be respon-
sible for abnormal bleeding. In case of thrombocytopenia or abnormal platelet func-
tion, spontaneous skin purpura, mucosal hemorrhage, and prolonged bleeding after
trauma represent the characteristic manifestations. Main causes of thrombocytope-
nia include failure of platelet production, increased consumption of platelets, and
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abnormal distribution of platelets. Management varies according to the underlying
condition [3-5].

Inherited or acquired diseases of clotting factors determine an abnormal coagula-
tion cascade; this can affect hemostasis and finally lead to thrombosis and/or hemor-
rhage [3-5].

e The most common and most severe disorder is factor VIII deficiency (hemo-
philia A). Typical manifestations of this X-linked disease include severe and pro-
tracted bleeding, after even minor trauma, and spontaneous bleeding into joints,
the central nervous system, and the abdominal cavity.

e Other coagulation-impeding conditions include anticoagulant afibrinogenemia/
dysfibrinogenemia, factor V deficiency, factor VII deficiency, factor X deficiency,
factor XI deficiency, factor XII deficiency, factor XIII deficiency, hemophilia B,
and hypoprothrombinemias.

e The thrombotic disorders (thrombophilia) include primary hypercoagulable
states that are caused by abnormalities of specific coagulation proteins (such as
procoagulant afibrinogenemia/dysfibrinogenemia, protein C deficiency, protein
S deficiency, antithrombin III deficiency, factor V Leiden deficiency, activated
protein C resistance, disseminated intravascular coagulation) and secondary
hypercoagulable states that cause a thrombotic tendency by complex and often
multifactorial mechanisms (i.e., malignancies, myeloproliferative disorders).

The clinical exam of the fundus oculi provides a direct view of the hematologic
effects of blood dyscrasias in ocular tissues. By observing the characteristic changes
in the retina, the ophthalmologist may actually be the first to diagnose a blood dys-
crasia. Ocular findings of blood dyscrasias aren’t pathognomonic signs and may be
observed in many local and systemic diseases. Typical findings are retinal hemor-
rhages, microaneurysms, hard exudates, cotton wool spots, macular edema, retinal
vascular edema, pallor of the disc, edema of the disc, retinal and optic disc neovas-
cularization, vitreous hemorrhage and inflammation, retinal and retinal pigment
epithelium detachment, and retinal and choroidal infiltrates. In this chapter, we will
focus on hematologic diseases of interest for the ophthalmologist.

4.2  Retinal Manifestations in f-Thalassemia Syndromes

A variety of retinal findings have been reported in patients with -thalassemia syn-
dromes; these may occur as a result of the disease itself or of the iron chelation
therapy [6]. Because patients affected by the most severe form need regular blood
transfusions to survive, subsequent iron overload may potentially occur in several
organs (i.e., the liver, spleen, myocardium, endocrine organs) including the eye.
Several iron-chelating agents, such as desferrioxamine (DFO), deferiprone (DFP),
and deferasirox, are currently approved to address this problem. Retinal manifesta-
tions of P-thalassemia include retinal pigment epithelium (RPE) degeneration and
mottling, retinal edema, retinal hemorrhages, angioid streaks, papillitis, and macu-
lar scarring [7-9].
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Recent advancement in multimodal retinal imaging using confocal laser scan-
ning ophthalmoscopy (cSLO) has better characterized these retinal abnormalities in
[-thalassemia. Specifically, abnormalities can be separated in two groups: (1) pseu-
doxanthoma elasticum (PXE)-like and (2) non-PXE-like abnormalities. This is
likely due to a pathological mechanism that these two disorders seem to share and
that is associated with the ABCC6 gene, which results in mutated PXE, and dimin-
ished expression in Bhis is likely [11, 12]. PXE-like retinal abnormalities include
peau d’orange (which was previously described as “salt-and-pepper” appearance in
the macula or pigmentation in the periphery) [9] which appear as confluent dark
yellowish lesions at the level of RPE which occur posteriorly and then spread cen-
trifugally, often preceding angioid streaks; angioid streaks (Fig. 4.1), which result
from dehiscence in Bruch’s membrane and atrophy of the overlying RPE, that might
develop vision-threatening complications such as macular choroidal neovascular-
ization; and finally optic nerve head drusen (Fig. 4.2) [10]. On the other hand,

Fig. 4.1 Angioid streaks. Color fundus image (left), fundus autofluorescence (middle), and near-
infrared imaging (right) showing peripapillary angioid streaks in a patient affected by -thalassemia

Fig. 4.2 Optic disc drusen associated with angioid streaks. Color fundus image (leff) and fundus
autofluorescence (right) showing peripapillary optic disc drusen and angioid streaks in a patient
affected by B-thalassemia
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non-PXE-like abnormalities include retinal venous tortuosity, which increases with
age and in case of splenectomy, while it has an inverse relationship with hematocrit
[8, 10].

DFO-induced ocular toxicity includes symptoms such as impaired color vision,
night blindness, reduced visual acuity, and loss of visual field. Ocular findings
include cataract, optic neuropathy, optic atrophy, and macular or equatorial pig-
mentary degeneration. Characteristic fundus lesions of DFO retinopathy include
pigmentary retinopathy, bull’s eye maculopathy, and vitelliform maculopathy [6,
12]. These alterations might affect functional tests (such as electrophysiological
studies, visual field, and microperimetry) but can be efficiently assessed with the
support of multimodal imaging [13]. More specifically, fundus autofluorescence
(FAF) has been established as a superior noninvasive prognostic tool that can detect
early RPE changes, with the characterization of four abnormal patterns: minimal
change, focal, patchy, and speckled [14]. Because the type of FAF pattern may
affect the visual outcome of patients with DFO toxicity, this test is a prerequisite for
identifying specific high-risk characteristics that may be helpful in the decision to
discontinue or switch therapy for patients to prevent disease progression. Optical
coherence tomography (OCT) has also been proven to be extremely useful in
detecting early sign of DFO retinopathy and in following up patients who need
regular transfusions [13].

4.3 Retinal Manifestations in Sickle Cell Disease

A variety of manifestations may occur in patients with sickle cell disease (SCD).
Vascular tortuosity is likely due to arteriovenous anastomoses in the retinal periph-
ery and appears to be more frequent in SS patients [15]. Vascular occlusion is usu-
ally peripheral, where the retinal vessels may terminate as hairpin loops. Only
arterioles and capillaries are occluded in children, whereas both arteries and veins
can occlude in adults, along with occlusions at the posterior pole (such as branch
retinal artery occlusion and submacular choroidal infarction) [2]. Peripheral arterio-
lar occlusion and capillary loss are two of the most typical signs of ocular involve-
ment in SCD. It progresses with age and might lead to massive remodeling of the
peripheral vasculature, with final clear distinction between vascular and avascular
retina [16]. The macula might be affected by abnormal perfusion, with small vessel
obstructions causing remodeling of the arcades around the foveal avascular zone
(FAZ). Macular infarcts can easily be confirmed by OCT [17], which has enabled
the capture of detailed in vivo images of morphologic macular features. Recently,
spectral-domain OCT has also revealed temporal and/or macular thinning (macular
splaying) in some patients with SCR (Fig. 4.3) [18]. Functional consequences are
variable, and they do not relate to the extent of macular change and range from
decreased visual acuity to abnormal color vision and central scotomas. However,
retinal sensitivity is decreased in areas of macular thinning [19], and macular thin-
ning is correlated with the presence of proliferative SCR [18]. Other manifestations
in the macular area include epiretinal membranes, schisis, holes, and posterior pole
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Fig. 4.3 Bilateral temporal retinal thinning. Optical coherence tomography color-coded retinal
map (left column) and B-scan through the fovea (right column) demonstrating temporal retinal
thinning in both eyes of a patient affected by sickle cell disease

neovascularization, but these occur more rarely [2]. Hemorrhages in the peripheral
retina are common: preretinal hemorrhages appear as circumscribed red lesions in
front of the retinal vasculature (salmon-patch hemorrhages) and leave mottled
brown areas and refractile iridescent deposits when they resolve [20]. Intraretinal
hemorrhages may track into the subretinal space, eliciting a RPE reaction with stel-
late and speculate hyperpigmentation (black sunburst sign) and may resolve to a
schisis cavity with iridescent deposits [2]. Angioid streaks are rare and most com-
monly found in SS patients, have a relatively benign course, and might present
either as narrow dark lines radiating from the disc or with surrounding atrophic
areas [2].

Proliferative sickle cell retinopathy (PSR) is the major sight-threatening compli-
cation of sickle eye disease. It is associated with visual loss, which most commonly
results from vitreous hemorrhage and traction retinal detachment. It is most fre-
quent in SC disease (frequencies up to 70%) and SP-Thal disease, although these
variants have a milder systemic course. On the other hand, patients with SS disease
have frequent vaso-occlusive crises and severe systemic course but less frequently
display PSR [2]. Incidence of PSR increases with age. Recent recommendations
suggest to initiate screening for retinopathy at 9 years for SC patients and at 13 years
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Fig. 4.4 Sea fan.
Fluorescein angiography
showing sea fan
proliferation at the
temporal avascular retina
in a patient affected by
sickle cell disease

for SS and SB-Thal patients, since SC patients show earlier onset (neither sex nor
presence of systemic manifestations seems to be predictive for prevalence or age of
onset of retinopathy) [21]. In addition to the effects of genotype and age, PSR is
affected by hematological risk factors, such as low fetal hemoglobin in both sexes.
In PSR, neovascular lesions develop at the border between the vascular and avascu-
lar retina, usually in the temporal periphery (superotemporal quadrant is considered
the most common location for early neovascularization). These lesions display a
typical sea fan appearance and might be unilateral or bilateral (Fig. 4.4). Large
fibrovascular lesions may exert traction on the retina, thus leading to retinal detach-
ment in advanced cases [2].
Classification of PSR includes five stages [22]:

— Stage I: peripheral arterial occlusion

— Stage II: peripheral arteriovenous anastomoses (hairpin loop)
— Stage III: neovascular and fibrous proliferation (sea fan)

— Stage IV: vitreous hemorrhage

— Stage V: retinal detachment

Spontaneous regression of the lesions can occur in up to 30% of cases [23],
through the development of autoinfarcted or atrophic lesions, and is more common
in SS disease. Management of PSR includes either observation or scatter photoco-
agulation, which destroys the ischemic retina that is responsible for neovasculariza-
tion [24]. Complications such as vitreous hemorrhage or retinal detachment require
a surgical approach.

Sickle cell trait (HbAS) has traditionally been considered a benign condition.
Systemic and ocular complications are rarely seen in these patients. Nevertheless, in
case of concomitant systemic diseases or trauma, retinopathy can occur, thus requir-
ing a comprehensive medical workup [25]. Previously described ocular findings
include retinal hemorrhage and exudates, angioid streaks, chorioretinal infarction,
chorioretinitis, vitreous hemorrhage, central retinal artery occlusion, and PSR, some
of which might also be coincidental given the large number of patients with sickle
cell trait [26].
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Finally, other ocular manifestations include orbit involvement and anterior seg-
ment changes. Patients affected by SCD are predisposed to both orbital wall infarc-
tion and orbital cellulitis, which might present as orbital compression syndrome
with inflammation (facial pain, lid edema, proptosis, and fever). Transient saccular
dilatations of conjunctival vessels packed with red cells, described as comma-
shaped capillaries in the bulbar conjunctiva, are considered pathognomonic of SCD
[27]. They are more common in SS disease and diminish under the heat from a slit
lamp beam. Sectoral iris atrophy with pupillary irregularity may result from iris
infarcts. Anterior segment ischemia is a rare but potentially devastating complica-
tion of treatment of retinal detachment and vitreous hemorrhage in PSR by scleral
buckling and pars plana vitrectomy [2].

4.4 Retinal Manifestations in Leukemias

The ocular fundus manifestations of leukemia are secondary to the clinical picture
of pancytopenia. The retinal findings include vitreous inflammation and/or hemor-
rhage, papilledema, optic disc infiltration (Fig. 4.5), intraretinal hemorrhages
(flame-shaped, dot blot Roth spots), microaneurysms, cotton wool spots, hard exu-
dates, retinal edema or infiltrates, retinal artery occlusion (Fig. 4.6), venous stasis
retinopathy or vein occlusion (Fig. 4.7), perivascular sheathing, retinal and optic
disc neovascularization, perifoveal ischemia (retinal ischemia and leukemia are
more common in the peripheral fundus but rarely will present in the macula itself),
retinal serous detachment, and choroidal infiltrates [28, 29]. Treatment of the under-
lying cause of the ocular fundus manifestations (i.e., anemia, thrombocytopenia,
retinal or choroidal leukemic infiltrate, hyperviscosity syndrome, circulating neo-
plastic white blood cells, and/or bone marrow infiltration) will often result in
improvement or complete resolution of the ocular fundus findings [30]. Leukemia
may involve ocular tissues by toxicity due to chemotherapeutic agents. Furthermore,
retinal findings may also be seen in graft-versus-host reactions in patients undergo-
ing allogeneic bone marrow transplantation or as a sign of secondary infections
following immunosuppressive therapy. Infections can lead to severe ocular involve-
ment such as endophthalmitis [31].

Central nervous system involvement occurs most commonly in children and is
becoming more frequent because of the increased survival rate associated with more
effective treatment [32]. The optic nerve is one of the disease-relapse sites in a
patient with systemic or meningeal leukemia, and early diagnosis is fundamental for
prolonging survival. Leukemic infiltration of the optic nerve represents an emer-
gency because vision might rapidly decline as a consequence of either the leukemic
infiltration itself or a retinal vascular occlusion (due to the direct invasion of the
neoplastic cells and the higher blood viscosity). According to the literature, orbital
and/or ocular involvement is associated with a significantly lower survival rate than
those who lack ophthalmic manifestations. Thus, the optic nerve is considered a
pharmacologic sanctuary, relatively unaffected by systemic chemotherapy. A sepa-
rate treatment modality, often radiotherapy, is required for both visual recovery and
possibly for prolonging survival [33].
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Fig. 4.5 Optic disc infiltration. Color fundus images (fop row) and fluorescein angiography (bot-
tom row) showing bilateral optic disc infiltration in a leukemic patient

Fig. 4.6 Central retinal artery occlusion. Color fundus image (leff) and fluorescein angiography
(right) showing central retinal artery occlusion with cilioretinal artery sparing in a leukemic patient
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Fig. 4.7 Venous stasis retinopathy followed by central retinal venous occlusion. Color fundus
image (upper left) and fluorescein angiography (upper right) showing venous stasis retinopathy
associated with optic disc swelling in a leukemic patient. One month later, the same patient devel-
oped a central retinal venous occlusion (bottom row)

Reddy and Menon recommended routine ophthalmologic examination as part of
a complete evaluation at the time of diagnosis in childhood acute leukemia because
of the high prevalence of asymptomatic ocular lesions [34].

4.5 Retinal Manifestation in Plasma Dyscrasia

The most common cause of hyperviscosity syndrome due to a paraproteinemia is
Waldenstrom’s macroglobulinemia (WM). Hypersecretion of clonal IgM in WM
increases the blood viscosity promoting erythrocyte aggregation [35]. The most
common ocular manifestation is venous stasis retinopathy secondary to the hyper-
viscous state. Venous stasis may progress to retinal vein occlusion, with associated
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Fig. 4.8 Resolution of serous detachment of the neurosensory retina. Near-infrared image (upper
left) and corresponding optical coherence tomography B-scan through the fovea (upper right)
demonstrating serous detachment of the neurosensory retina associated with intraretinal edema
and choroidal thickening in a patient with Waldenstrom’s macroglobulinemia. After plasmapher-
esis, significant reduction of intraretinal fluid and resolution of subretinal fluid were detected (bot-
tom row)

hemorrhagic and exudative findings [36]. Serous macular detachments and cystoid
macular edema in these disorders have been recently termed paraproteinemic macu-
lopathy (Fig. 4.8) [37]. These findings may easily be mistaken for central serous
chorioretinopathy; however, leakage patterns on fluorescein angiography indicative
of central serous chorioretinopathy are not observed in paraproteinemic maculopa-
thy. Optic nerve edema may be observed [38]. A paraneoplastic phenomenon
involving an autoimmune reaction against retinal photoreceptors may occur [39].
Systemic treatment of WM with plasmapheresis and cytotoxic agents improves reti-
nal findings [40]. Ocular manifestations of amyloid syndromes may include peri-
vascular sheathing, vitreous veils, cotton wool spots, retinal hemorrhages, retinal
and choroidal infiltrates in a perivascular distribution, RPE mottling, and choroidal
hypofluorescence on fluorescein and indocyanine green angiography [41].

4.6 Retinal Manifestations in Thrombophilic
and Hyperviscosity Syndromes

Although not frequently, retinal vascular disease may result from inherited or
acquired defects in blood components that may either alter blood viscosity or dis-
rupt the coagulation cascade. Several cases of retinal vascular disease linked to
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mutations of the clotting factors have been reported. Despite this, prospective clini-
cal trials often failed to show a significant association with the gene mutation [42].
A prospective study demonstrated Leiden mutation in 17% of young patients
affected by retinal venous occlusion [43]. Other prospective clinical trials have
shown an association of elevated homocysteine levels [44], MTHFR gene mutation
[45], and protein C and S deficiencies [46, 47] with retinal vascular diseases. A defi-
nite link between the antiphospholipid syndrome and retinal vascular disease
remains elusive [42]. The most common ophthalmic finding is retinal vein occlu-
sion; however, abnormalities of the arterial system, the choroid, and the macula are
also possible. A systemic investigation is warranted in cases with lack of typical
predispositions. Visual symptoms may be the only manifestation of the disease,
making ophthalmologist’s diagnosis critical for both treatment and thrombotic pro-
phylaxis [42].

4.7 Retinal Manifestations in Platelet Disorders
and Coagulopathies

With consumption or lack of the platelets and clotting factors, the blood becomes
hypocoagulable, leading to hemorrhage, tissue hypoxia, and further release of
thromboplastin [48]. The major ocular fundus manifestations of disseminated intra-
vascular coagulation include serous detachments of the retina (particularly in the
macular and peripapillary regions), retinal and choroidal hemorrhages, and vitreous
hemorrhage [49].

Key Learning Points

e A large variety of hematologic effects can be directly visualized in the retina by
ophthalmologists, which may be the first to diagnose a blood dyscrasia.

e Although many retinal findings may not be pathognomonic, other may be more
indicative of a specific blood disorder.

e High-resolution retinal imaging has important clinical relevance in the diagnosis
and follow-up of retinopathies secondary to blood dyscrasias because it contrib-
utes to the detection of early macula changes that may be missed during
ophthalmoscopy.
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Retinal Manifestations of Renal Diseases
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Abstract

Various diseases affecting the renal excretory system can be associated by or
secondary cause of pathological changes in the retina and choroid. Some of these
entities such as tubulointerstitial nephritis and uveitis (TINU) are well recog-
nized for their characteristic clinical manifestations. Similarly, patients with sys-
temic lupus erythematosus may present with protean clinical manifestations.
Recently, it has been recognized that fundus examination among patients with
renal diseases may provide insights into the disease pathogenesis, severity, and
progression. Thus, careful correlation between renal and retinal diseases may
enable the clinician scientist to understand the pathophysiology of the disease
and its natural history. In the index chapter, retinal findings of various diseases
affecting the renal system have been elucidated. In addition, the features on
imaging evaluation have also been provided. A brief note on their management
has been discussed.
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5.1 Introduction

Patients with renal diseases especially autoimmune conditions may present with
various pathological alterations involving the ocular tissues. Although several ocu-
lar tissues may be involved, the most commonly affected tissue is the retinochoroid.
A host of autoimmune, metabolic, and biochemical processes affect the chorioreti-
nal milieu resulting in characteristic tissue abnormalities and/or ocular inflamma-
tion. If the ocular symptoms precede diagnosis of systemic involvement, there may
be a clinical challenge in determining the exact etiology and planning appropriate
treatment. Thus, recognition of the disease phenotype and comprehensive systemic
evaluation form the cornerstone of the management.

With numerous advances in the techniques of noninvasive imaging and recogni-
tion of disease patterns, our understanding of renal disease pathogenesis has been
greatly enhanced. A number of asymptomatic and symptomatic changes have been
described among patients with renal conditions such as tubulointerstitial nephritis
and uveitis (TINU), systemic lupus erythematosus (SLE), and end-stage renal dis-
ease, among others. A thorough review of these ocular associations may aid in our
knowledge of the complex mechanisms involved in the pathogenesis of these dis-
eases. Establishing correlation between ocular signs and systemic disease severity
may help in clinical decision-making and altering the line of management.

In the subsequent sections, clinically relevant and common renal diseases with
chorioretinal involvement have been described. A brief summary of SLE has also
been provided (described in details in a separate chapter). The relevance of retinal
imaging in these conditions has been highlighted.

5.2 Glomerulonephritides
5.2.1 Membranoproliferative Glomerulonephritis

5.2.1.1 Introduction and Types

Membranoproliferative glomerulonephritis (MPGN) is characterized by prolifera-
tion of cellular elements in the glomerular tissue and basement membrane changes
[1]. Histological studies show increased mesangial matrix deposition (electron
dense material) and hypercellularity [2]. MPGN is associated with features of
chronic glomerulonephritis, secondary hypertension, and systemic features due to
immune complex deposition. The most common age of diagnosis is 5-15 years, and
within a period of 10 years, approximately 50% of patients may progress to end-
stage renal disease (ESRD) [3].

Type 1 MPGN is characterized by subendothelial glomerular electron dense
deposits; type 2 MPGN is characterized by deposition of electron dense material of
unknown origin in the lamina densa of the glomerular basement membrane; and
type 3 MPGN is characterized by the presence of both type I and type II lesions [4].
Recently, a consensus conference on MPGN has reclassified the disease into two
types: immune complex mediated and complement mediated [5].
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5.2.1.2 Ocular Manifestations

Classically, pathological manifestations of the posterior segment of the eye have
been observed in patients with type 2 MPGN (dense deposit disease). These patho-
logical alterations commonly affect the outer retina and retinal pigment epithelium
(RPE)-Bruch’s membrane complex [4]. Due to RPE and outer retinal involvement,
these patients may have altered visual fields and color perception, prolonged dark
adaptation, and electroretinogram changes. The pathogenesis of these RPE changes
has been attributed to the dense deposits at the RPE-Bruch’s membrane complex. In
astudy by Michielsen et al., 11 out of 12 patients with type 2 MPGN were diagnosed
with diffuse RPE alterations [6]. Various manifestations of the condition include
RPE-Bruch’s deposits similar to basal laminar deposits, exudative drusen, and pig-
ment epithelial detachments [7]. This condition may also be complicated by devel-
opment of subretinal/choroidal neovascularization (CNV) [6, 8, 9]. Development of
CNYV may be higher among patients with bilateral widespread RPE alterations and
outer retinal changes. Fluorescein angiography (FA) and spectral-domain optical
coherence tomography (SD-OCT) greatly aid in the detection of subretinal fluid,
pigment epithelial detachments, and atypical central serous retinopathy [10].

Due to the decompensation of the RPE, patients may also develop central serous
retinopathy-like picture with subretinal fluid and drusen-like deposits (DLDs) at the
RPE-Bruch’s membrane complex (Fig. 5.1) [7, 11]. DLDs may be common finding
among patients with type 2 MPGN [12]. Presence of DLDs in patients of type 2 MPGN
was first reported in 1989. Usually, the DLDs are located in the posterior pole and the
mid-periphery. However, the presence of peripheral drusen has also been described in
the literature [13]. SD-OCT imaging of DLDs in type 2 MPGN gives an appearance of
subretinal RPE-Bruch’s membrane elevations and hyper-reflectivity due to the depo-
sition of matrix material [14]. Using high-speed ultra-high-resolution OCT, irregular
thickening of the Bruch’s membrane has been observed in patients with MPGN [15].

Fig.5.1 Fundus
photograph of a patient
with biopsy-proven
membranoproliferative
glomerulonephritis with
subretinal drusen-like
deposits
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Fundus autofluorescence (FAF) imaging shows multifocal hyper-autofluorescence in
the areas with DLDs. Similarly, FA and indocyanine green angiography show multifo-
cal hyperfluorescence associated with the subretinal deposits [16].

In the past, presence of DLDs and other outer retinal/RPE abnormalities were
noted only in patients with type 2 MPGN. However, recent literature has shown that
such changes may be observed even in patients with type 1 and 3 MPGN. Recently,
Han et al. have described presence of extensive DLDs in a patient with type 1 MPGN
[17]. These recent investigations have shed the light on the importance of the newer
classification of MPGN which is based on molecular methods rather than anatomical
location of the dense deposits. In a report by Dalvin et al., DLDs were observed in
two patients with type 1 and 3 MPGN (based on anatomical classification). Thus, the
authors proposed that ophthalmologists must recognize the importance of recogniz-
ing the newer classification of MPGN based on complement activation or immune
complex-mediated disease [18]. Such an approach may aid in the better understand-
ing of the pathophysiological mechanisms behind these complex diseases.

5.2.2 IgA Nephropathy

5.2.2.1 Introduction and Pathogenesis

IgA nephropathy (also known as Berger’s disease) is a complement-mediated condi-
tion characterized by glomerulonephritis and progression to ESRD in approximately
40% individuals [19]. This condition was first described by Berger and Hingais in
1968 [20]. The disease is characterized by complement activation and deposition of
IgA (as well as IgG) immune complexes in the mesangium of the glomeruli lead-
ing to a chronic disease. The deposition of polymeric IgAl, IgG, and complement
C3 occurs in a diffuse granular manner. Recent progress in the diagnostic techniques
has improved our understanding of the glycosylation pathways of IgAl glycans and
binding galactose-deficient IgA1 complexes to mesangial cells responsible for devel-
opment of IgA nephropathy. While the trigger of inflammation is suggested to be auto-
immune in nature, various antigenic stimuli due to bacteria, viruses, and fungi have
been implicated in the pathogenesis [21]. The diagnosis of IgA Nephropathy requires
renal biopsy and examination of mesangial matrices with periodic acid-Schiff staining.

5.2.2.2 Ocular Manifestations
The major clinical findings of IgA nephropathy include secondary hypertension
(more than 40% patients at presentation) and chronic kidney disease [22]. Thus
patients with IgA nephropathy may develop features of hypertensive retinopathy
including arteriolar narrowing, changes in the arteriovenous crossings, and isch-
emia of retinal nerve fiber layer (cotton-wool spots) [23]. Patients may also develop
serous retinal detachments which may be bilateral. These can be confirmed on
SD-OCT. [23, 24] The findings of cotton-wool spots and serous retinal detachments
are reversible on therapy with hemodialysis, peritoneal dialysis, or plasmapheresis.
In a case report by Taban et al., imaging evaluation using FA demonstrated
presence of choroidal infarction secondary to possible immune complex deposi-
tion [23]. Other manifestations of IgA nephropathy include presence of bilateral
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subretinal drusenoid deposits (SDDs). In a case report by Lally et al., a 42-year-old
Asian woman with renal biopsy-proven IgA nephropathy showed presence of well-
defined yellow clusters of SDDs in the macula. These were well appreciated using
SD-OCT imaging. On SD-OCT, SDDs appeared as perifoveal hyper-reflective con-
vex deposits internal to the retinal pigment epithelium (RPE)-Bruch’s membrane
complex. There was elevation of the ellipsoid zone and granular reflectivity between
the ellipsoid and interdigitation bands adjacent to the deposits. In the report, the
authors postulate that SDDs are histopathological correlate of reticular pseudodru-
sen and occur due to deposition of circulating serum IgA1 complexes [25].

Figure 5.2 shows a patient with subretinal hyper-reflective deposits at the fovea
due to possible subretinal complement deposition.

Fig. 5.2 A 33-year-old male with proteinuria was diagnosed with stage III renal disease associ-
ated with biopsy-proven IgA nephropathy. Fundus examination revealed the presence of yellow-
white ring-shaped deposit in the macula of OS and discrete, small, subretinal deposits in the
macula OU (a and b). Spectral-domain optical coherence tomography (OCT) showed the presence
of subretinal hyper-reflective deposits at the fovea of OS suggestive of complement and/or IgA
complex deposition (¢). OCT scan through the small discrete lesions (d) revealed hyper-reflective
drusenoid deposits at the level of the retinal pigment epithelial (RPE)-Bruch’s membrane complex
and elevation of the RPE
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5.3 Tubulointerstitial Nephritis and Uveitis (TINU)
5.3.1 Introduction and Etiopathogenesis

Tubulointerstitial nephritis and uveitis (TINU) is an autoimmune oculorenal syn-
drome common in younger aged population (mean age 15 years) with female pre-
dominance (3:1). TINU is characterized by the acute interstitial nephritis (AIN) and
uveitis with no known etiology [26]. TINU was first described in 1975 by Dobrin
et al. and has a reported prevalence of 1-2%. Although the exact pathogenesis of
TINU is unknown, it is thought to have an autoimmune basis triggered by infec-
tions, antibiotics, or NSAIDs. TINU has an established association with HLA-
DRB1*#01 and HLADQA1*01 and a particularly strong association (RR = 167)
with HLA-DRB1*0102 [27]. Clinically the patients with TINU present nonspecific
systemic symptoms of fever, malaise, myalgia, and fatigue. About one third of
patients present with signs and symptoms of AIN characterized by flank pain, hema-
turia, sterile pyuria (eosinophiluria), and mild proteinuria [28, 29].

5.3.2 Ocular Manifestations

Approximately 21% cases of TINU present with ocular manifestations preceding
systemic symptoms. Ocular symptoms in TINU predominantly present as bilateral,
non-granulomatous anterior uveitis (80% cases) [29-31]. The anterior uveitis is
sudden in onset and is characterized by pain, redness, and photophobia. On slit-
lamp examination, fine keratic precipitates, anterior chamber cells, occasionally
a high flare, and rarely a hypopyon can be seen. Posterior synechiae can also be
visualized in certain cases. Figure 5.3 illustrates anterior segment inflammation in
a patient with TINU.

Fig. 5.3 Figure shows
anterior segment
photograph of a patient
with tubulointerstitial
nephritis and uveitis
(TINU). There is presence
of anterior chamber cells
and flare and
granulomatous keratic
precipitates (Image
courtesy: Peter McCluskey,
MD, Australia)
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Posterior segment involvement in TINU is usually limited to occasional mild
vitreous cells and rare complications of disk and macular edema. Other associations
include development of cataract and glaucoma. It is imperative to note that while
diagnosing TINU may be challenging especially in cases with unexplained chronic
or recurrent uveitis, the prognosis is generally good. Timely diagnosis and manage-
ment with corticosteroids and/or immunosuppression improve the long-term out-
comes in these patients [28, 32].

5.4 Metabolic Renal Diseases: Hyperoxaluria
5.4.1 Incidence and Pathogenesis

Although rare, primary hyperoxaluria is a clinical entity of considerable importance
due to its association with nephrolithiasis, nephrocalcinosis, and renal failure [33].
Primary hyperoxaluria is inherited in an autosomal recessive manner and is caused
by a deficiency of a liver enzyme alanine-glyoxylate aminotransferase (AGT). AGT
catalyzes the conversion of glyoxylate to glycine. Absence of AGT results in forma-
tion of oxalate crystals which deposit in the kidneys and other organ systems [34].

5.4.2 Ocular Manifestations

Retinal involvement in patients with hyperoxaluria has been recognized as early as
1974 [35]. Hyperoxaluria manifests as deposition of crystals in the macula (crystal-
line retinopathy) [36, 37]. Ocular involvement in hyperoxaluria may be bilateral and
symmetrical. The pathological changes are usually confined to the posterior pole
and mid-periphery. Fundus lesions are usually small (100-200 microns) and appear
dark due to deposition of calcium oxalate crystals. Sometimes, the fundus lesions
may be large (retinal oxalosis) and appear geographic in nature [38]. Hyperoxaluria
may also be associated with retinal flecks [39]. Oxalate maculopathy may also be
associated with diffuse optic disk pallor [36].

The subretinal deposits in hyperoxaluria may also be visualized using SD-OCT
imaging [40]. Due to outer retinal/RPE damage, there may be development of sec-
ondary choroidal neovascular membranes [41]. These can be confirmed using
FA. Choroidal neovascularization usually occurs adjacent to the site of macular
scarring. Recently, Derveaux et al. proposed phenotypic classification of oxalate
maculopathy in type 1 primary hyperoxaluria. The authors described four distinct
retinal phenotypes: bilateral perifoveal retinal pigment epithelium hyperplasia, sub-
retinal crystals, confluent macular RPE hyperplasia, and subretinal fibrosis. Thus,
retinopathy in hyperoxaluria may show considerable phenotypic variations [42]. A
thorough understanding of this phenotypic manifestation may aid the clinician in
predicting visual outcome in these patients.
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5.5  Systemic Lupus Erythematosus
5.5.1 Introduction and Pathogenesis

Systemic lupus erythematosus (SLE) is a multi-organ disease with a characteristic
relapsing/remitting course due to activation of autoimmune mechanisms leading to
production of polyclonal antibodies, development of immune tolerance against
nuclear antigens, and deposition of immune complexes in tissues [43—45]. Due to
widespread organ-tissue damage, SLE has protean clinical manifestations. Diagnosis
of SLE is based on the presence of clinical criteria defined by the American
Rheumatology Association (ARA). These criteria include the presence of nephritis,
skin rash, arthritis, and other organ dysfunction due to serositis. The presence of 4
out of 11 criteria is necessary for establishing a diagnosis of SLE [46].

SLE is most commonly seen in women of child-bearing age. In pregnancy, SLE
may result in severe comorbidities and complicate the course of the pregnancy. In
the following section, ocular findings of SLE have been highlighted. Details of ocu-
lar involvement in SLE have also been listed elsewhere in this book.

5.5.2 Ocular Findings

Approximately 2-30% patients with SLE present with ocular manifestations [47].
Retinal manifestations of SLE may be asymptomatic, such as the presence of iso-
lated cotton-wool spots, DLDs, or few retinal hemorrhages, or may be severe sight
threatening such as near-complete vaso-occlusion [47-50]. While various ocular
tissues may be involved in SLE, retinal vessels are predominantly affected in
SLE. Involvement of retinal vasculature in SLE is termed as lupus vasculitis. Lupus
vasculitis is typically a vasculopathy due to fibrinoid necrosis rather than true vessel
wall inflammation [51]. On FA, lupus vasculopathy may present with mild late peri-
vascular hyperfluorescence unlike typical inflammatory retinal vasculitis. The spec-
trum of findings in lupus vasculitis include cotton-wool spots, intra-retinal
hemorrhages, vascular occlusion (especially arteriolar in severe cases), and second-
ary neovascularization that may lead to vitreous hemorrhage or tractional retinal
detachment [50].

Patients with SLE may present with Purtscher-like retinopathy due to wide-
spread complement activation leading to large cotton-wool spots, optic disk edema,
retinal hemorrhages and edema, and arteriolar occlusion on FA [52]. Due to the
hypercoagulable state in patients with SLE and the presence of antiphospholipid
antibodies (APLA) that predispose to a prothrombotic state [53], patients with SLE
may present with a central retinal vein occlusion (CRVO)-like picture. This condi-
tion may mimic typical CRVO with widespread hemorrhages, cotton-wool spots,
and optic disk edema.

Lupus choroidopathy is characterized by multifocal serous retinal elevations and
RPE detachments [54, 55]. This condition is relatively rare and occurs in severe
conditions. On the other hand, DLDs may be a more common outer retinal/RPE/
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Fig. 5.4 Optical coherence tomography (OCT) using the enhanced depth imaging (EDI) mode
shows the presence of drusen-like deposits (DLDs) temporal to the fovea. These DLDs can be well
appreciated on the reflectance image (a). The vertical line scan through the fovea shows presence
of DLDs as irregular elevations of the retinal pigment epithelium (b). Magnified view (¢) shows
the detailed structure of these drusen

inner choroidal manifestation of SLE [56]. Classically, DLDs were thought to be
present in retinae of patients with SLE-associated nephritis but not in those with
SLE and no renal involvement. However, it has been recently recognized that DLDs
may be present in patients with SLE without kidney involvement. Recognition of
DLDs in patients with SLE may therefore have prognostic significance and may
serve as a useful biomarker in assessing the natural history of the disease.

Figure 5.4 shows a patient with typical DLDs as observed on EDI-OCT.

5.6 Conclusions and Summary

A number of pathologies involving renal system result from complex autoimmune
pathological processes that may be associated with ocular findings. Investigations
into these processes demonstrate the anatomical similarities between the renal
glomeruli and the choriocapillaris/RPE-Bruch’s membrane complex. Certain ocu-
lar findings may not be sight threatening, such as presence of few cotton-wool spots
or DLDs away from the fovea. However, recognition of these pathological changes
especially sight-threatening conditions that sometimes precede the development of
renal manifestations may lead to diagnostic challenges. Clinicians may face diffi-
culty in deciphering the etiology of the ocular manifestations and determine its
clinical relevance. In addition, due to the wealth of information in the recent litera-
ture on certain manifestations such as DLDs may lead to confusion on the prognos-
tic significance of these lesions.

Advanced imaging modalities such as SD-OCT and EDI-OCT and improved
fluorescein angiography techniques have improved our understanding of the distinct
and remarkable changes that occur in various chorioretinal layers in diseases of the



76 A. Agarwal and A. Invernizzi

kidney. For instance, due to newer technologies such as near-infrared reflectance
imaging, autofluorescence, and EDI-OCT, the morphology and significance of
DLDs in conditions such as MPGN and SLE have been recently recognized.
Updated and newer classification of entities such as MPGN have changed our
understanding and highlighted the importance of ocular examination in type 1 and
3 MPGN. Similarly, modalities such as laser flare photometry have advanced our
abilities of monitoring patients with inflammatory conditions such as TINU.

In summary, comprehensive analyses of various ocular conditions and their clini-
cal presentations using advanced retinal imaging techniques are relevant in a num-
ber of diseases affecting the kidneys. As the wealth of information in literature
continues to expand, it is likely that the pathogenetic mechanisms of these condi-
tions will be more clearly elucidated in the near future.
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Imaging of Retinal and Choroidal
Manifestations of Gastrointestinal
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Abstract

Ocular manifestations of gastrointestinal diseases are uncommon. This chap-
ter describes multimodal imaging of the most frequent gastrointestinal disor-
ders, and associated retinal and choroidal findings. Inflammatory bowel disease,
Whipple’s disease, and Behget’s disease may have vaso-occlusive manifestations,
as well as vasculitis, retinitis, and changes in the choroid, due to inflammation.
Purtscher’s like retinopathy associated with pancreatitis presents with changes
associated to vaso-occlusive disease. Avitaminosis A has degenerative flecks in

the retina that may be reversible with adequate supplementation.

Familial adenomatous polyposis syndrome, also considered in this chapter,
has typical clinical characteristic changes in the retinal pigment epithelium that

help in the diagnosis.
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6.1 Inflammatory Bowel Disease
6.1.1 Introduction

Inflammatory bowel disease (IBD) is a chronic inflammatory disorder of unknown
etiology, and it is used to describe two entities: Crohn’s disease (CD) and ulcerative
colitis (UC). The annual incidence of CD is about 3.1-14.6 per 100,000 people and
for UC 2.2-14.3 per 100,000 people. In recent years the incidence of CD has
increased. CD is more frequent in females, while UC is more common in males, and
it appears to be higher in urban areas [1].

This multisystemic disorder usually presents with gastrointestinal symptoms
(i.e., abdominal pain, diarrhea, and rectal bleeding), and it is associated with a wide
spectrum of extraintestinal manifestations, between 21% and 36% of patients, that
include ocular, pulmonary, cardiovascular, neurological, and renal, among others [1, 2].
The risk factors for extraintestinal manifestations in Crohn’s disease are active dis-
ease, family history of IBD, and smoking. And for ulcerative colitis, undergoing
gastrointestinal surgery and steroid dependency [3].

These manifestations are due to active systemic vasculitis, vessel wall inflamma-
tion, and coagulation abnormalities that lead to an occlusive effect on arteries and
veins and structural changes in vessels walls [1]. Angiogenesis has emerged as an
additional pathophysiological mechanism [4].

6.1.2 Ocular Manifestations

Ocular involvement is considered as a marker of active bowel disease. However,
there is no definite data of the prevalence of ophthalmological manifestations. It has
been reported to be between 4% and 30%, being less than 1-10% the posterior seg-
ment complications [2, 4, 5]. Around 50% of the patients will have more than one
ocular manifestation and at least one other extraintestinal complication [6, 7].

The anterior segment is more commonly involved, and it manifests as dry eye,
conjunctivitis, keratitis, episcleritis, self-limited scleritis, and recurrent non-
granulomatous iridocyclitis [2, 6, 8].

Posterior segment findings described in IBD are variable, nonspecific, and some-
times occur concurrently [7]. These include panuveitis, vitritis, optic neuritis (retro-
bulbar optic neuritis and papillitis), neuroretinitis, serous retinal detachment,
vasculitis, retinal vascular occlusion, retinal edema, macular edema, central serous
retinopathy, macular hemorrhage, and retinal neovascularization [5, 9, 10] (Fig. 6.1a,
b, e, f and Fig. 6.2a, b).

Choroidal findings include steroid-responsive choroidal infiltrates, choroidal
folds, chorioretinitis, choroiditis, choroidal neovascularization (CNV), and acute
posterior multifocal placoid pigment epitheliopathy (APMPPE) [2, 8, 10, 11].
Although CNV is not common, it is another complication that can be related or not
to ocular inflammation in IBD patients [12, 13].
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Fig. 6.1 (a, b) Right and left eye of a 25 years old women, with plaque-like, confluent, inactive
lesions in the posterior pole. (¢, d) Fluorescein angiogram showing early hypofluorescent macular
lesions with late hyperfluorescence and staining. (e, f) Five years later the patient returned with a
diagnosis of Crohn’s disease. Visual acuity was 20/25 in both eyes. Fundus examination showed
non-active lesions in both eyes. (g, h) Fluorescein angiography shows hypofluorescent non-active
lesions in the macular area in both eyes
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Fig. 6.1 (continued)
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Fig. 6.1 (continued)
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Fig. 6.2 (a, b) Retinal vasculitis and ischemia in a patient with Crohn’s disease. Observe cotton
wool spots and intraretinal hemorrhages. (¢) Late phase of fluorescein angiography shows staining
of the retina vessels, areas of ischemia also observed in the color photographs and optic disc
staining

6.1.3 Imaging

6.1.3.1 Fundus Fluorescein Angiography and Indocyanine Green
Angiography

FFA is useful in cases with retinal vasculopathy, choroidopathy, and optic neuropa-
thy [2]. Capillary dropout is a common finding in vascular occlusions, vasculitis,
and retinal neovascularization [5]. Patients with retinal vein occlusions can present
with or without associated vasculitis [11] (Fig. 6.1c, d, g, h and Fig. 6.2¢c).

ICG angiography can show normal choroidal appearance [6], areas of hypoper-
fusion, and variable focal hypofluorescent spots, as found in choroiditis [12].

6.1.3.2 Optical Coherence Tomography

EDI-OCT choroidal thickness measurement in patients with IBD does not show
increase or correlation to the degree of disease activity, except for patients with ileal
involvement [4].
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6.2  Whipple’s Disease
6.2.1 Introduction

Whipple’s disease was first reported in 1907 by Georges H. Whipple [14]. It is
caused by Tropheryma whipplei, a bacterium found ubiquitously in the environment
[15, 16]. Most of the cases have been reported in the United States and Europe. T.
whipplei can be found in stool, and fecal-oral transmission is considered to be the
cause of infection [17].

It is a rare disease, with an incidence less than 1 per 1,000,000 people per year
[18]. It is more common in men (3:1 ratio), and the age of diagnosis ranges between
48 and 54 years [19].

It is a multisystemic disorder characterized by arthralgia, weight loss, diarrhea,
and abdominal pain [18, 20]. Fever, lymphadenopathy, steatorrhea, anemia, skin
darkening, and ocular symptoms may be present. Neurologic manifestations are the
most serious and include progressive supranuclear ophthalmoplegia, oculomastica-
tory myorhythmia, or oculofacial-skeletal myorhythmia that is pathognomonic of
Whipple’s disease [18].

6.2.2 Ocular Manifestations

Ocular manifestations of this disease are rare and generally occur late in the disease.
Almost 10% of patients with classic Whipple’s disease have ocular involvement. In
some cases, the patients may not have extraocular manifestations [20]. Ocular find-
ings may be uni- or bilateral.

Symptoms include mild vision loss, floaters, blurred vision, or metamorphopsia.

On slit-lamp examination, keratitis may be present, and anterior chamber cells,
keratic precipitates, and vitreous cells may also be found [20-24]. Anterior or pos-
terior uveitis are the predominant features of Whipple’s disease.

Fundus findings are consistent with chronic inflammation as: vitritis, vitreous
strands, retinitis, retinal vasculitis, RPE changes, choroiditis characterized by mul-
tiple round white lesions, optic disk swelling, and macular edema. Retinal hemor-
rhages, cotton wool spots, and peripapillary exudates may be also present [20, 21, 25]
(Figs. 6.3, 6.4 and 6.5).

6.2.3 Imaging

6.2.3.1 Fundus Fluorescein Angiography

On FFA disk hyperfluorescence is present, and in most cases it is found bilaterally;
also cystoid macular edema and vasculitis are seen. Vasculitis is predominantly seen
as periphlebitis [20, 21].
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Fig. 6.3 Patient with
Whipple’s disease.
Photograph shows multiple
faint, white choroidal
lesions (Courtesy of
Lawrence A. Yanuzzi, MD)

Fig. 6.4 Patient with
Whipple’s disease.
Photograph shows multiple
faint, white choroidal
lesions (Reprinted with
permission from Ref. [21])

Multiple hyperfluorescent spots in the venous phase may be seen, with discrete
leakage located in the posterior pole [22].

Diagnosis is generally difficult; in ocular Whipple’s disease, vitreous PCR is a
helpful diagnostic tool, since it can confirm the presence of the organism in the
vitreous. Treatment is based on long-term antibiotic therapy with TMP-SMX; other
therapies include tetracycline or doxycycline, however.
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Fig. 6.5 Patient with
Whipple’s disease.
Cotton-wool spot in superior
macula (Reprinted with
permission from Ref. [21])

6.3 Avitaminosis A
6.3.1 Introduction

Avitaminosis A is a rare disease, secondary to multiple etiologies, including mal-
nourishment, malabsorption secondary to gastrointestinal surgery, or liver dis-
ease that leads to fat malabsorption [26]. Because of increasing gastrointestinal
procedures, especially bariatric surgery, this deficiency is becoming more com-
mon. The prevalence varies from 52% at 1 year after the surgery to 69% after
4 years [27].

Vitamin A is a key factor in normal retinal metabolism. Vitamin A deficiency
produces decreased levels of rhodopsin, rod sensitivity loss, and slowed dark adap-
tation that patients notice as night blindness [28, 29].

6.3.2 Ocular Manifestations

Xerophthalmia is a common manifestation of avitaminosis A, but it is not always
present.

Night blindness or nyctalopia is one of the first clinical symptoms of this disease.

On slit-lamp examination, conjunctival and corneal xeroses may be present
[26, 30]. On fundus examination, flecked retina is a common finding associated to
multiple yellow-white retinal spots in the mid-periphery and posterior pole [31]
(Figs. 6.6 and 6.7). Papilledema has also been described in association with vita-
min A deficiency, but it is extremely rare [30].
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Fig. 6.6 Patient with A
avitaminosis, note multiple
white flecks in the mid
periphery. (Courtesy of
William F. Mieler, MD)

Fig. 6.7 Patient with A avitaminosis. A: multiple white flecks in the mid periphery. (Courtesy of
William F. Mieler, MD). B: Same patient after treatment of vitamin A deficiency, note the white
flecks disappeared and left hyperpigmented spots. (Courtesy of William F. Mieler, MD)

Diagnosis of vitamin A deficiency is confirmed by blood levels of vitamin A
under 0.3 mg/dl (normal levels 0.3—1.2 mg/dl) [28]. Retinal disease is confirmed by
electroretinogram (ERG) findings such as non-detectable rod function, borderline
reduced cone function, and normal response on photopic single flash and flicker
[28, 29, 32].

Visual field testing may show mild to moderate concentric restriction to II-2-e tar-
get, on Goldmann kinetic perimetry 940, or mild to moderate decreased sensibility
on computerized Goldmann perimetry. Patients may not notice visual field changes.
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6.3.3 Imaging

6.3.3.1 Fundus Fluorescein Angiography and Autofluorescence
On FFA, multiple hyperfluorescent spots are seen with no late leakage, mostly
located in the mid-periphery [29].

Short-wave autofluorescence imaging (SW-AF) demonstrates the lesions as
hypoautofluorescent [28].

6.3.3.2 Optical Coherence Tomography
SD-OCT shows hyperreflective material above the RPE bulging the ellipsoid zone,
corresponding to the yellow fleck lesions in the fundus [26, 28]. Retina around these
lesions may be normal. RPE under the hyperreflective zones may be intact, and EZ
band over the hyperreflective lesions may be normal as well [28].
Ophthalmological findings are reversible, with adequate supplementation and
when normal Vitamin A levels are reached. Also ERG abnormalities and fundus
appearance are reversible.

6.4  Pancreatitis: Purtscher’s-Like Retinopathy
6.4.1 Introduction

Purtscher’s retinopathy was first described in 1910, by Othmar Purtscher, associ-
ated to closed thoracic trauma [33]. In 1975, Purtscher’s-like retinopathy was first
described in association with pancreatitis [34]. Besides pancreatitis other diseases
can produce Purtscher-like retinopathy such as renal failure, autoimmune disease,
amniotic fluid embolism, collagen-vascular disorders, and coagulation disorders
[33, 35].

It is a rare condition, with an estimated incidence of 0.24 cases per year including
Purtscher’s and Purtscher-like retinopathies, but an underestimation is possible
because many patients can be visually asymptomatic [33].

Purtscher-like retinopathy is a severe and self-limited complication of pancre-
atitis, with no established treatment. Associated visual loss can vary from mild to
severe, but improvement can be spontaneous from partial to complete visual recov-
ery. It is also considered as an indicator of multi-organ failure and has been associ-
ated with fatal outcome [36].

The pathophysiology is still to be elucidated, but it is believed that leukocytic
embolus occludes retinal arterioles and choroidal vessels. This emboli result from
pancreatic damage that releases proteolytic enzymes that activate the complement
C5a-induced leukocyte, platelet, and fibrin aggregates [37].

6.4.2 Ocular Manifestations

It is characterized by sudden visual loss of variable severity, between hours and days
from the onset of the pancreatic disease. Bilateral disease is expected in 60% of
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Fig. 6.8 Patient with purtscher like retinopathy. A right and B left eye. Images show cotton-wool
spots, retinal flecken, macular whitening and a pseudo cherry red spot

patients. Fundus exam shows posterior pole lesions that appear in 83-92% of cases,
and these include cotton wool spots and intraretinal hemorrhages [33]. Purtscher
flecken occur in 50% of patients and are the result of precapillary artery occlusions;
they are seen as macular retinal whitening that spare 50 pm of retinal arterioles, dif-
ferent from cotton wool spots that can be over retinal vessels [38, 39]. Disk swelling
and pseudo-cherry red spot can also appear in Purtscher’s and Purtscher-like reti-
nopathies [35] (Fig. 6.8).

Follow-up findings in the chronic phase include normalization of retinal appear-
ance in 40% of patients, optic atrophy in 64%, retinal thinning, and retinal mottling
of the RPE [33].

6.4.3 Imaging

6.4.3.1 Fundus Fluorescein Angiography
Fundus fluorescein angiography (FFA) manifestations result from occlusive dis-
ease. Images show leakage of dye from retinal arterioles, venules, and capillaries;
delayed arterial filling, multiple ischemic areas, and arteriolar obstruction occur in
more severe cases. Choroidal hypoperfusion and disk staining have been described
[33,37, 40, 41].

In the late venous phase, hypofluorescence due to ischemia and macular edema
can be seen as well as perivenous staining [33] (Fig. 6.9).

On indocyanine green angiography (ICG-A), areas of choroidal hypofluores-
cence have been described [41, 42].

6.4.3.2 Optical Coherence Tomography
In acute phase, severe edema and hyperreflectivity of the inner plexiform, inner
nuclear, and outer plexiform layers have been reported [43].

In the follow-up, macular atrophy [43], reduction of retinal nerve fiber layer
secondary to cotton wool spots, can be seen [35].
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Fig. 6.9 Fundus Fluorescein angiography from the same patient in figure 8. A and B multiple
hypofluorescent lesions in the macular and perivascular area, that do not progress during late
phases (C and D)

6.5 Behget’s Disease
6.5.1 Introduction

Behcet’s disease is a multisystemic chronic and recurrent vasculitis of unknown
etiology, characterized by endothelial dysfunction. Clinical characteristics include a
recurrent triple-symptom complex of oral aphthous ulcers, genital ulcers, and uve-
itis [44]. The disease shows a variable prevalence related to geographic factors,
being higher between countries among the ancient Silk Route. The mean age of
onset is between the third and fourth decade of life, and it is more common among
men in endemic countries, while females are more frequently affected in North
America and North European countries [45, 46].

Diagnosis is based on clinical criteria; there is no specific ancillary laboratory test
to confirm the disease [45]. Clinical manifestations are defined as major and minor.
Mucous membrane lesions (oral and genital ulcers), skin lesions (pseudofolliculitis,
erythema nodosum), and ocular involvement are major manifestations [47]. Joint,
neurological, pulmonary, cardiac, vascular, and gastrointestinal manifestations are
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minor lesions, although some of them can cause major morbidity and worse vital
prognosis [46].

Behcet’s disease is characterized histopathologically by necrotizing leukocyto-
clastic vasculitis that results in the obliteration of the endothelial lumen and inten-
sive lymphocytic and monocytic cellular infiltration of retinal vessels with diffuse
or focal infiltration of the choroid without vasculitis in acute phases [46, 48]. In
chronic phases the choroid shows edema and fibrosis [49].

6.5.2 Ocular Manifestations

Ocular involvement occurs in approximately 70-90% of the patients, and it has
been reported that 50 to 93% have posterior segment involvement [48, 50]. The
most common form of ocular manifestation is a non-granulomatous anterior uveitis
with hypopyon, present in 19-31% of the cases [51]. Male patients are more suscep-
tible to ocular involvement and have worse visual prognosis [46, 52].

Posterior inflammation may affect the vitreous, retina, optic nerve, and choroid.
The more frequent form is necrotizing occlusive vasculitis, which can result in vas-
cular occlusion and subsequent ischemia and retinal atrophy in the areas of occluded
vessels. Both, inflammation and decreased blood flow, lead to retinal nerve fiber
loss and optic nerve damage, followed by retinal and optic disk atrophy or neovas-
cularization [48].

Patients with inactive Behget’s disease show cataract, secondary glaucoma,
cyclitic membranes, epiretinal membrane (ERM), narrowing of retinal vessels or
ghost retinal vessels (that correlate with longer duration of the disease), macular
hole, retinal detachment, retinal and optic nerve atrophy, and phthisis bulbi. Other
fundus changes include vitreous hemorrhages, vascular sheathing, retinal vascular
occlusions, retinal exudates, and hemorrhages [46, 48, 49, 51] (Figs. 6.10 and 6.11).

6.5.3 Imaging

6.5.3.1 Fundus Fluorescein Angiography and Indocyanine Green
Angiography

Fundus fluorescein angiography typical finding is diffuse capillary leakage of the
retinal vasculature, as a consequence of inflammation, obstructive retinal vasculitis,
and ischemia [49]. Leakage may be present before obvious ophthalmoscopic signs
of retinal vasculitis [53]. Because of chronic and permanent damage of blood ves-
sels, mild and persistent leakage can be seen for a long time after the resolution of
active inflammation [54].

Other FFA findings are staining and dye leakage of the optic disc, macular
ischemia, macular edema, retinal and optic nerve neovascularization, and
angiographic changes due to nonischemic central retinal or branch vein retinal
occlusion [49, 54, 55]. On ultrawide-field imaging (UWFI) FFA, peripheral retinal
non-perfusion, vessel leakage, and neovascularization are evident [56].
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Fig. 6.10 Patient with
Behget disease, right eye
color photograph showing
severe occlusive disease,
pale disc, vascular sheating,
macular hemorrhages, and
exudates

Fig.6.11 Patient with
Behget disease, right eye
color photograph, nasal area
with multiple hemorrhages
and vascular sheating.

ICG angiography findings suggest that choroidal inflammation is an etiologic
factor related to the vasculitis episode [48]. These include hypofluorescent well-
defined plaque lesions, hyperfluorescent spots, hyper- and/or hypofluorescent
irregular filling of the choriocapillaris, choroidal filling defects, delayed choroidal
filling, and diffuse leakage from choroidal vessels. In the late phases, this leakage
is due to the damage of the wall of large vessels [50, 53, 55, 57]. Hypofluorescent
plaques could be due to edema, fibrosis, or atrophy of the choroidal tissue [49].
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6.5.3.2 Multimodal Imaging

Ultrawide-field fundus autofluorescence image findings suggest that active vasculi-
tis also induces distinct patterns of retinal pigment epithelium alterations. FAF find-
ings described in the literature are limited. A report found hyperautofluorescent
spots and chorioretinal atrophic hypoautofluorescent lesions adjacent to retinal ves-
sels and surrounding the optic disk [56].

6.5.3.3 Optical Coherence Tomography

SD-OCT

Macular thickness analysis is helpful in the diagnosis and follow-up of macular
edema and macular atrophy [58]. Usually the macula is thinner in patients with
chronic disease and recurrent posterior segment involvement [48]. Other OCT find-
ings are epiretinal membranes, loss of external layers of the retina, loss of integrity
of ellipsoid zone (ELZ) and external limiting membrane (ELM), and intraretinal
fluid [49, 50]. Loss of integrity and definition of the ELZ and ELM lines appear to
be associated with best-corrected visual acuity (BCVA) in patients with BD as in
other diseases, although other irreversible changes of sensory retina may also affect
visual prognosis [59, 60].

On EDI-OCT, the choroid shows a significant increase in thickness in active phases.
During the active phase, dilation of choroidal vessels is observed, and the choroidal
thickness is greater than that in remission phase. After systemic treatment for BD,
choroidal thickness decreases and maintains thereafter [61]. In patients with active
posterior uveitis, increase in choroidal thickness is related with retinal vascular
leakage in fundus fluorescein angiography [62]. In longer disease duration, choroi-
dal fibrosis can be seen with subsequent thickness decrease [49].

6.6 Familial Adenomatous Polyposis: Gardner’s Syndrome
6.6.1 Introduction

Familial adenomatous polyposis (FAP), also known as familial polyposis coli
(FPC), is a hereditary autosomal dominant condition that has a mutation of the
APC gene in chromosome 5, and it is characterized by the presence of multiple
adenomatous lesions in the large bowel and/or duodenal tract polyps, with high
risk of malignant transformation into colon cancer [63, 64]. Frequency is | in
12,000. Eighty percent of the patients have a positive family history, and 20% arise
from spontaneous mutations. Usually this syndrome manifests between 20 and
40 years [65].

Gardner’s syndrome is a variant of familial adenomatous polyposis. Clinical
findings include colorectal adenomatous polyps, with extracolonic manifestations
such as dermoid cysts, teeth abnormalities, epidermoid cysts, thyroid masses, and
also abnormalities in the retinal pigment epithelium (RPE) [63, 65, 66].
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6.6.2 Ocular Manifestations

Ocular findings distinguish this syndrome from other forms of FAP. Congenital
hypertrophy of the retinal pigment epithelium (CHRPE) is the typical manifestation
and is present in over 85% of the patients. The presence of CHRPE has a sensitivity
that ranges from 65% to 84% and specificity greater than 94% for FAP, when the
patient has an affected relative [65, 67].

Gardner-related CHRPE are multiple, flat, pigmented, well-defined ovoid RPE
lesions, located in the equator or mid-periphery of both eyes, and appear early after
birth, being the first clinical sign of the syndrome [65, 68, 69]. These lesions may
have a depigmented halo, a fishtail-shaped hypopigmented change at one or both
ends, and/or depigmented lacunae [67, 70]. Choroidal vessels can be seen within the
depigmented areas around the lesion [71] (Fig. 6.12).

Histological findings are hyperplastic RPE cells and densely pigmented cells
between Bruch’s membrane and the basement membrane with degenerated photo-
receptors [72].

Other pigmented lesions not associated with extraocular abnormalities can be
found in the fundus examination in 8—13% of patients with FAP, as solitary CHRPE,
bear tracks, retinal pigment hyperplasia after trauma or inflammation, or choroidal
nevi [73-75].

Fig.6.12 Multiple lesions of congenital hypertrophy of the RPE, associated with familiar adenoma-
tous polyposis and Gardner’s Syndrome in a 19 years old male. (Courtesy of Ricardo Infante, MD)
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6.6.3 Imaging

6.6.3.1 Fundus Fluorescein Angiography
Fundus fluorescein angiography (FFA) is useful to confirm the diagnosis and detect
additional changes of Gardner-related CHRPE. These lesions present an angio-
graphic pattern characterized by hypofluorescent block defect that corresponds to
hyperpigmented areas, and hyperfluorescent window defects in the areas of atrophy
and in the depigmented marginal streaks, that show no leakage during the study [70].
Capillary irregularities such as non-perfusion areas and reduction of the capillary
network can be seen on FFA. Other vascular changes found are microaneurysms,
chorioretinal anastomosis, partial block of retinal arteries crossing the lesion (vas-
cular strangulation), visualization of the capillary vessels, and entwined choriocap-
illary vessel. Satellite small hypofluorescent lesions near bigger lesions can be
found in FFA, not seen in ophthalmoscopy [70].

6.6.3.2 Multimodal Imaging

Fundus autofluorescence (FAF) features a hypoautofluorescent lesion due to the
absence of lipofuscin between the pigmented RPE cells, with lacunae showing
isoautofluorescence or hypoautofluorescence, corresponding to the segmental
absence of RPE. On IR (infrared) reflectance imaging, CHRPE displays hypore-
flectivity in the hyperpigmented areas of the lesion and hyperreflectivity within the
lacunae [74, 76].

6.6.3.3 Optical Coherence Tomography

RPE Gardner lesions show a characteristic pattern on spectral domain-optical
coherence tomography (SD-OCT), although the acquisition of the image is techni-
cally difficult because most of the lesions are localized in the equator and periphery.
On OCT, CHRPE is seen as a flat lesion of the RPE with absent, thickened, or
irregular RPE and an overlying retinal thinning with photoreceptor atrophy that
begins at the margin of the lesion [77]. Subretinal cleft, intralesional lacunae (absent
RPE with bright transmission of light through the defect), and other unusual find-
ings such as hyperreflective spots and cystoid edema can also be seen. Choroidal
thickness and vascular pattern are usually normal. Bruch’s membrane can be nor-
mal or thickened [69, 76].

Future Remarks

— Although uncommon, a differential diagnosis of retinal vasculitis and vaso-
occlusive disease may include gastrointestinal diseases.

— Gastrointestinal specialist should also be involved in the management.

— Underdiagnosis is due to low prevalence.

— Some of the retinal and choroidal findings may serve as markers of disease
activity.

— New available technology, such as Angio-OCT, swept source, and microperim-
etry, may show new patterns associated with gastrointestinal diseases.
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Conclusions
Gastrointestinal disease can manifest in various forms in the eye.

Inflammatory bowel disease, Behget’s disease, and Whipple’s disease have
common ocular features, such as uveitis, vasculitis, and vaso-occlusive disease.
On imaging these diseases have similar behavior and cannot be differentiated
from other causes of ocular disease but may indicate activity of the pathology.

Pancreatitis presents as Purtscher-like syndrome, and vaso-occlusive changes
with retinal edema, retinal flecken, and hemorrhages characterize the disease.

Avitaminosis A is rare and may be underdiagnosed, but it is increasing in
frequency due to surgical treatment for obesity, as bariatric surgery. Night blind-
ness and retinal flecks are typical features of the disease, and the flecks have a
characteristic hypoautoflurescent pattern on FAF and hyperreflective lesions
between RPE and EZ on SD-OCT. Adaptive optics can be useful to study changes
on photoreceptor layers.

Gardner-related RPE lesions have no functional visual impact but are impor-
tant findings in the diagnosis of the disease. Multimodal imaging aids in the dif-
ferentiation of Gardner-related lesions from other fundus-pigmented lesions.

Available and new emerging technology will show us with better details more
information about these diseases, can help us explain better the pathophysiology
and prognosis, and may be characterized as biomarkers of either disease activity
or progression.

Key Learning Points

FFA, ICG angiography, and SD-OCT complement each other as diagnostic tools.
Findings are not specific or pathognomonic of these diseases but appear to be
helpful in the evaluation of posterior segment compromise, ocular complications
that can cause visual impairment, and treatment follow-up.

FFA is useful to assess and monitor activity of ocular inflammation. In addition
to OCT, they will allow the evaluation of morphological and functional changes
inside the retina and choroid, even before fundus ophthalmoscopic signs
develop.

Ultrawide-field and multimodal imaging can be used for the diagnosis, extent
treatment, and follow-up of patients with gastrointestinal disease and ocular
involvement.

Gastrointestinal diseases related with ocular inflammation, such as anterior uve-
itis, posterior uveitis, and retinal vasculitis, cannot be differentiated from other
systemic causes, but rarely they are the first clinical manifestation.
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Ocular Sarcoidosis
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Abstract

Sarcoidosis is a multisystem granulomatous disease that can involve any organ in
the body, however it most commonly affects the lungs, lymphatic system, skin,
and eye. The diagnostic histopathologic hallmark of sarcoidosis is the presence
of non-caseating epithelioid granulomas. Although the etiology of sarcoidosis is
unknown, potential infectious sources such as mycobacteria and propionibacte-
ria have been proposed.

Ocular sarcoidosis occurs in up to 83% of patients with systemic sarcoidosis
and uveitis is the most common ocular manifestation occurring in 50% of patients
with ocular sarcoidosis. Both gender and ethnic variance is seen in ocular sar-
coidosis with females affected more than males and African Americans more
commonly affected than Caucasians. Although 70% of ocular sarcoid presents
before age 40, a bimodal distribution in patients aged 20—40 years and 50-60 years
occurs. In addition, African American patients generally have an earlier disease
onset than Caucasian patients. Patients typically present with symptoms of pain,
photophobia, blurred vision, and floaters. After excluding infectious etiologies,
the diagnosis of ocular sarcoidosis can be made following the IWOS guidelines,
which consist of a combination of ocular signs, blood tests, and imaging modali-
ties. The most common presenting sign of anterior uveitis includes anterior
chamber cell and flare with granulomatous (“mutton fat”) keratic precipitates,
however 15% present with non-granulomatous keratic precipitates. Early treat-
ment with corticosteroids alone or in combination with immunomodulatory
agents can restore vision and prevent blinding complications. As a significant
proportion of patients develop chronic disease, regular follow-up with both oph-
thalmology and internal medicine is required.
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7.1 Introduction

Sarcoidosis is a multisystem granulomatous disease of unknown origin. It can
involve any organ in the body, however it most commonly affects the lungs, lym-
phatic system, skin, and eye [1-4]. The diagnostic histopathologic hallmark of sar-
coidosis is the presence of non-caseating epithelioid granulomas, akey distinguishing
factor from other granulomatous diseases such as tuberculosis (Fig. 7.1).

Ocular sarcoidosis has been recognized since the early 1900s [5] and its preva-
lence among patients with known systemic sarcoidosis has been reported to range
from 13-83% [1-4]. Although sarcoidosis can involve any part of the eye and sur-
rounding tissue, uveitis is the most common manifestation and occurs in up to 50%
of patients [4]. Because 30% of patients with sarcoidosis initially present with uve-
itis [3] it is important both to be aware of the various ways in which ocular sarcoid-
osis can present and to maintain a high level of suspicion in patients with uveitis.
This can help establish an early diagnosis which can lead to prompt therapy [2].

Fig.7.1 This
photomicrograph of a
patient with sarcoid
dacryoadenitis
demonstrates a non-
caseating granuloma (a, b).
(Image courtesy of Dr.
Ralph Eagle, MD)
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7.2  Etiology

Although the etiology of sarcoidosis is unknown, potential infectious sources have
been proposed [6—8]. Both mycobacteria and propionibacteria are known to induce
granulomatous inflammation consistent with sarcoidosis. Propionibacteria acnes
has been cultured from biopsy samples of patients with sarcoidosis [6]. Polymerase
chain reaction (PCR) testing of tissue samples from patients with sarcoidosis has
revealed mycobacterium tuberculosis DNA [7]. Non-infectious agents such as tat-
too die have also been implicated as a causative trigger [9, 10]. Genetic factors are
known to contribute to the development of sarcoidosis with familial cases reported
[2]. Children of parents with sarcoidosis have been reported to have a four times
higher risk of developing sarcoidosis than those without [11]. In addition, HLA-
DRBI1 alleles are strongly associated with ocular sarcoidosis [12, 13].

7.3 Clinical Manifestations of Ocular Sarcoid

Both gender and ethnic variance are seen in ocular sarcoidosis with females affected
more than males and African Americans more commonly affected than Caucasians
[1-4]. Although 70% of ocular sarcoid presents before age 40 [4], a bimodal distri-
bution in patients aged 20—40 years and 50-60 years occurs [3]. African American
patients generally have an earlier disease onset than Caucasian patients [3]. The
majority (90%) of cases are bilateral with some experiencing spontaneous remis-
sion within 3-5 years, however, the majority develop chronic disease requiring
long-term suppression [4].

Although ocular sarcoidosis can manifest in any ocular structure, uveitis is the
most common manifestation and occurs in up to 50% of cases [4]. In one report of
112 eyes with sarcoid uveitis, 28% had anterior uveitis, 38% had intermediate uve-
itis, 12% had posterior uveitis, and 22% had panuveitis [14]. Patients often present
with symptoms of pain, photophobia, blurred vision, and floaters. The most com-
mon presenting sign of anterior uveitis includes anterior chamber cell and flare with
granulomatous (“mutton fat”) keratic precipitates, however 15% present with non-
granulomatous keratic precipitates [14] (Fig. 7.2). In severe cases, posterior seg-
ment spillover of anterior chamber cells can be seen. Other signs include ciliary
flush, conjunctival nodules, tented peripheral anterior synechiae, posterior syn-
echiae, and iris nodules (Koeppe nodules are at the iris border, and Busacca nodules
are in the iris stroma, and Berlin’s nodules are in the angle). In chronic cases, inflam-
matory sequelae include band keratopathy, glaucoma, and cataract formation.

The hallmark of intermediate uveitis is the presence of anterior vitreous cells, vit-
reous snowballs, and/or an inferior snowbank. Vitreous snowballs consist of aggre-
gates of inflammatory cells whereas a snowbank represents pars plana exudation.

In posterior uveitis, perivascular sheathing and midperipheral periphlebitis can
be seen. The phlebitis associated with sarcoidosis is classically termed “candle wax
drippings” or “taches de bougies” and is seen in up to 70% of patients [4] (Fig. 7.3).
Retinal and choroidal lesions can be seen together or in isolation (Fig. 7.4).
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Fig. 7.2 Granulomatous
“Mutton fat” keratic
precipitates in a patient
with sarcoid uveitis.
(Image courtesy of Dr.
Christopher Rapuano)

Fig. 7.3 Sarcoid vasculitis (a). Enlarged view demonstrating phlebitis with candle wax drippings
(b). (Image courtesy of Dr. Jayanth Sridhar, MD)

Choroidal granulomas vary in size and can be unifocal or multifocal. In multifocal
sarcoid choroiditis small creamy white lesions (Dalen-Fuchs-like nodules) can be
seen in the mid to far periphery (most commonly inferiorly) and usually spare the
macula. As they resolve, punched out chorioretinal scars develop. Disc edema and
rarely vascular occlusions can be seen in cases of posterior uveitis (Fig. 7.5). In
addition, capillary closure and ischemia can result in peripheral retinal neovascular-
ization with vitreous hemorrhage.
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Fig.7.4 Retinal sarcoid granuloma with macular edema (a) and corresponding fluorescein angio-
gram demonstrating hyperfluorescent staining (b). (Image courtesy of Dr. Murtaza Adam, MD)

Fig.7.5 Ischemic superior
hemiretinal vein occlusion
in a patient with sarcoid
vasculitis. (Image courtesy
of Dr. Sundeep Kasi, MD)

Although uveitis is the most common ocular manifestation in sarcoidosis, any
ocular structure can be involved [3]. Other manifestations of ocular sarcoidosis
include eyelid or orbital granulomas, cicatrizing conjunctivitis, conjunctival nod-
ules, keratoconjunctivitis sicca secondary to dacryoadenitis, peripheral ulcerative
keratitis, and interstitial keratitis [3]. Cranial neuropathy is the most frequent mani-
festation of neurosarcoidosis, and most commonly involves the optic and facial
nerves. Optic nerve involvement reveals the presence of an infiltrative granuloma,
disc edema, or disc atrophy. The symptoms associated with neurosarcoidosis depend
on the location of an inflammatory granuloma along the visual pathway and include
decreased vision and various patterns of visual field loss. Manifestations of neuro-
logical involvement include encephalopathy, meningitis, hydrocephalus, myopathy,
seizures, and psychosis [3].
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7.4  Diagnosis

The diagnostic gold standard for sarcoidosis is a tissue biopsy that demonstrates
non-caseating granulomas. In ocular sarcoidosis, conjunctival nodules can be biop-
sied and have a positive diagnostic yield of 43-75% [15, 16]. In the absence of
diagnostic tissue, the diagnosis is made using a combination of clinical signs, labo-
ratory tests, and imaging. Angiotensin converting enzyme (ACE) and lysozyme
are serological tests that reflect active granulomatous disease. Although both ACE
and lysozyme levels are commonly ordered, they are poor screening tests due to
their low sensitivity and specificity [17]. Pulmonary involvement is seen in 90% of
patients with sarcoidosis. A chest radiograph (CXR) demonstrating bilateral hilar
lymphadenopathy can be a useful screening test for sarcoidosis with a reported
sensitivity of up to 79%, however many specialists report rates lower than this
[18]. In cases where a CXR is negative yet the clinical suspicion remains high,
a spiral computed tomogram (CT) and/or Gallium scan should be ordered [18,
19]. CT allows for better evaluation of the lung parenchyma and is more sensitive
and specific than a CXR [19]. 18-flurodeoxyglucose PET (18-FDG PET) scan is
used to detect occult sites of disease and has become the preferred nuclear imag-
ing technique for sarcoidosis [20]. Compared to Gallium scans, 18-FDG PET is
more sensitive, faster, safer, and demonstrates lower interobserver variability [20].
Diagnostic vitrectomy can also be used to assess the CD4 to CD8 ratio, with higher
ratios demonstrating a sensitivity of 100% and specificity of 96.3%, however this
is generally used as a test of last resort and only when the results would alter man-
agement [21, 22].

In 2009, the results from the first International Workshop on Ocular Sarcoidosis
(IWOS) which identified seven clinical signs, five laboratory investigations, and four
diagnostic terms for ocular sarcoidosis were published [23]. These guidelines have
since been validated for use in clinical practice [24, 25], with a reported sensitivity of
100%, specificity of 95.6%, a positive predictive value of 79.1%, and a negative pre-
dictive value of 100% [25]. The ocular signs suggestive of ocular sarcoidosis include
mutton fat keratic precipitates and/or iris nodules, trabecular meshwork nodules
and/or tented peripheral anterior synechiae, vitreous snowballs, active or inactive
multifocal chorioretinal lesions, periphlebitis, granulomas of the optic disk and/or
choroid, and bilateral involvement. The laboratory investigations include a negative
tuberculin skin test, elevated serum angiotensin converting enzyme (ACE) levels,
elevated lysozyme levels, elevated liver enzymes, a chest radiograph demonstrating
bilateral symmetric hilar adenopathy, or a positive chest CT in patients with a negative
chest radiograph.

A definite diagnosis of ocular sarcoidosis is confirmed with a positive tissue
biopsy with a compatible uveitis. A presumed diagnosis of ocular sarcoidosis is
confirmed with a chest radiograph demonstrating bilateral hilar adenopathy with a
compatible uveitis if a biopsy is not done. A probable diagnosis of ocular sarcoid-
osis is made with the presence of three ocular signs and two positive laboratory tests
if a biopsy was not done and a CXR does not show bilateral hilar adenopathy. A
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possible diagnosis is made with the presence of at least four ocular signs and two
positive laboratory tests if a lung biopsy was done and was negative [23].

7.5 Treatment

The ultimate goal of treating ocular sarcoidosis is to restore vision and prevent
inflammation-related complications. For most forms of ocular sarcoidosis, cortico-
steroids are first line therapy and can be administered either topically, locally, or
systemically depending on the degree and location of inflammation. For anterior
uveitis, topical agents such as prednisolone acetate 1% or difluprednate are effective
and should be titrated to the amount of anterior chamber inflammation. A cyclople-
gic agent such as cyclopentolate or atropine is also typically used to reduce ciliary
spasm and prevent posterior synechiae formation. For intermediate uveitis, local or
systemic therapy is often required. Sub-Tenon triamcinolone injection is an effec-
tive option and can provide therapy for 3—4 months in many eyes. Oral prednisone
(0.5-1 mg/kg daily) is also effective, however, carries a risk of systemic side effects,
particularly at more than 7.5 mg daily. Posterior uveitis and panuveitis often require
both local and systemic therapy. For severe cases, initial pulse therapy with intrave-
nous methylprednisolone can be considered. Longer acting steroid implants such as
dexamethasone (Ozurdex, Allergan) and fluocinolone acetonide (Retisert, Bausch
& Lomb) have both demonstrated efficacy in randomized control trials for the treat-
ment of non-infectious posterior uveitis [26, 27]. Although less common in eyes that
received the dexamethasone implant, cataract surgery and ocular hypertension
>10 mmHg was reported in 95% and 70% of patients, respectively, who were treated
with fluocinolone acetonide [26, 28].

In patients who do not tolerate corticosteroids, immunomodulatory agents such
as methotrexate [29], azathioprine [29], leflunomide [30], and mycophenolate
mofetil [31] have demonstrated both safety and efficacy. Biologic agents, specifi-
cally anti-TNF-a agents such as infliximab and adalimumab [32], have demon-
strated efficacy in treating chronic refractory uveitis, however they are limited by
high cost and adverse drug events [29, 32]. Etanercept has not shown benefit for the
treatment of refractory ocular sarcoidosis [33]. In addition, iatrogenic sarcoidosis
has been reported to occur in rheumatoid arthritis patients treated with etanercept
[34]. Full resolution was seen upon discontinuation of etanercept, suggesting a pos-
sible triggering effect for this agent [34].

7.6  Prognosis

In ocular sarcoid, visual outcomes vary depending on disease severity, chronicity,
time to presentation, and the development of ocular complications such as glau-
coma, cataracts, and cystoid macular edema [3, 14]. In one study of 75 patients with
sarcoid uveitis, 54% maintained visual acuity better than 20/40 at 10 years [35].
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In the same study, 17% of patients developed extraocular sarcoidosis after 10 years
and the visual prognosis was not found to be related to the presence of extraocular
disease [35].

Conclusion

Sarcoidosis is a systemic granulomatous disease with many ocular manifesta-
tions of which uveitis is the most common. After excluding infectious etiologies,
the diagnosis of ocular sarcoidosis can be made following the IWOS guidelines,
which consist of a combination of ocular signs, blood tests, and imaging modali-
ties [23]. Early treatment with corticosteroids alone or in combination with
immunomodulatory agents can restore vision and prevent blinding complica-
tions. As a significant proportion of patients develop chronic disease, regular
follow-up with both ophthalmology and internal medicine is required.

Key Learning Points

e Ocular sarcoidosis is seen in up to 83% of patients with systemic sarcoidosis.

e Thirty percent of patients with sarcoidosis initially present with ocular disease.

e Upveitis is the most common ocular manifestation of sarcoidosis.

e The diagnosis of ocular sarcoidosis can be made following the IWOS guidelines,
which consist of a combination of ocular signs, blood tests, and imaging
modalities.

e Treatment with corticosteroids or immunomodulatory agents is effective at con-
trolling inflammation and preventing long-term complications.
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Autoimmune Retinopathy

David Ehmann and Sunir Garg

Abstract

Autoimmune retinopathy (AIR) is a general term for rare disease entities that
include cancer associated retinopathy (CAR), melanoma-associated retinopathy
(MAR), bilateral diffuse uveal melanocytic proliferation (BDUMP), and non-
paraneoplastic autoimmune retinopathies (npAIR). Although the exact patho-
physiology is unknown, autoimmune retinopathy occurs when a tumor expresses
protein antigens that are normally present in the retina. This results in molecular
mimicry and immunologic cross reactivity leading to retinal degeneration. AIR
typically presents with progressive bilateral or asymmetric, painless, vision loss
occurring over days to years. Visual symptoms are usually worse than the clinical
findings and include photo aversion, prolonged glare after light exposure,
decreased visual acuity, dyschromatopsia, central scotomas, nyctalopia, shim-
mering lights, photopsias, prolonged dark adaptation, midperipheral (ring) sco-
tomas, and more extensive peripheral visual field defects. Although the initial
retinal examination is often unremarkable, clinical findings may include subtle
retinal pigment epithelial (RPE) changes to marked RPE bone spicules, arterial
sheathing or attenuation, periphlebitis, disc pallor, and rarely low-grade inflam-
mation in the vitreous and/or anterior chamber.

The diagnosis can be made using a combination of the patient’s history, clinical
exam, and a multitude of diagnostic tests including spectral domain optical coher-
ence tomography (SD-OCT), electrophysiology, fundus autofluorescence, visual
field testing, and serology for antiretinal antibodies. All patients suspected of hav-
ing AIR require a thorough work-up for malignancy. Early diagnosis and treat-
ment can prolong life and prevent or reverse visual acuity loss in some patients.
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8.1 Introduction

Autoimmune retinopathy (AIR) is a general term for rare disease entities that
include cancer associated retinopathy (CAR), melanoma-associated retinopathy
(MAR), bilateral diffuse uveal melanocytic proliferation (BDUMP), and non-
paraneoplastic autoimmune retinopathies (npAIR).

Although the exact pathophysiology is unknown, AIR occurs when a tumor
expresses protein antigens that are normally present in the retina [1-4]. This results
in molecular mimicry and immunologic cross reactivity leading to retinal degenera-
tion [1-4].

In 1976 Sawyer first reported CAR in three patients with an anaplastic tumor [5].
All three patients presented with rapid painless visual loss, positive visual phenom-
enon, and visual field defects secondary to a degenerative retinopathy [5]. The
serum from CAR patients was later found to react with recoverin, a 23 kDa calcium
binding protein found in photoreceptors [6]. CAR is most often associated with
tumors of the lung, gynecological system (uterus, ovaries, cervix), and breast [4],
however, it has also been reported in cancers involving the blood, prostate, colon,
and thymus [1-4, 7]. MAR was first described in 1988 in a patient with cutaneous
malignant melanoma who developed night blindness and shimmering photopsias
[8]. MAR has also been reported in cases of choroidal and ciliary body melanoma
[9]. BDUMP, a condition in which the primary tumor stimulates proliferation of
uveal melanocytes [4], was first described by Bahar [10] and is associated with
tumors of the reproductive tract, lung, colon, and pancreas [4].

Non-paraneoplastic autoimmune retinopathies (npAIR) have been reported in
patients without a known history of malignancy who display similar phenotypes and
electrophysiological findings to patients with CAR.

Although paraneoplastic syndromes have been reported to occur in 10-15% of
all malignancies [11], the prevalence of retinal involvement remains unknown. The
overlap of clinical features with other degenerative retinal disorders such as retinitis
pigmentosa and acute zonal occult outer retinopathy (AZOOR) combined with the
lack of standardized clinical and laboratory diagnostic criteria makes AIR preva-
lence estimations difficult [2].

8.2  Presentation and Clinical Findings

AIR typically presents with progressive bilateral or asymmetric, painless, vision
loss occurring over days to years. Visual symptoms are usually worse than the clini-
cal findings, however symptoms can help elucidate which visual system (cone, rod,
or both) is most severely affected. Presenting symptoms of cone dysfunction include
photo aversion, prolonged glare after light exposure, decreased visual acuity, dys-
chromatopsia, and central scotomas. Rod dysfunction often presents as nyctalopia,
shimmering lights, photopsias, prolonged dark adaptation, midperipheral (ring)
scotomas, and more extensive peripheral visual field defects.
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Although the initial retinal examination is often unremarkable, clinical findings
may include subtle retinal pigment epithelial (RPE) changes to marked RPE bone
spicules, arterial sheathing or attenuation, periphlebitis, disc pallor, and rarely low-
grade inflammation in the vitreous and/or anterior chamber [3, 4] (Fig. 8.1).

CAR typically affects women twice as frequently as men and has been reported
to develop at an average age of 65 years (range 2485 years) [12]. In approximately
half of affected individuals, the visual symptoms and signs of CAR precede the
diagnosis of malignancy by weeks to years in approximately ¥z of all cases [12].

In contrast to CAR, MAR typically affects men more than women and has been
reported to develop at an average age of 58 years (range 30-78 years) [13]. The
average time from melanoma diagnosis to onset of MAR has been reported to be
3.6 years (range 2 months to 19 years) [7]. Unlike CAR, MAR usually presents after
a diagnosis of melanoma has been established and typically indicates metastatic

Fig. 8.1 Color fundus photos (a, b) with corresponding fundus autofluorescence (FAF) (e, d)
from a 63-year-old female with non-metastatic breast cancer and a 2-year history of progressive
bilateral visual loss. The fundus images show symmetric findings consistent with end-stage retinal
disease with waxy pallor of the optic nerves, and retinal vascular attenuation with sclerotic vessels
(a, b). Diffuse retinal atrophy was supported by the prominent visualization of the choroidal capil-
lary bed and a bull’s eye maculopathy with a “beaten-metal” appearance (a, b). FAF shows a cor-
responding perifoveal hyperautofluorescent ring and granular/speckled hypoautofluorescence
along the arcades (¢, d). (Images courtesy of Maggie M. Wei and H. Nida Sen, MD, NEI, NIH)
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disease [7]. Recently, the presence of serum transient receptor potential melastatin
1 (TRPM1) autoantibodies was used to diagnose an occult melanoma in a patient
with MAR [14]. Paraneoplastic vitelliform maculopathy (PVM), a possible variant
of MAR has been associated with both choroidal and cutaneous melanoma. In
PVM, a serous or vitelliform detachment of the neurosensory retina occurs in the
posterior pole [4, 15].

Non-paraneoplastic autoimmune retinopathies (npAIR), the most common type
of AIR, generally affects women twice as frequently as men and has been reported
to develop at an average age of 55 years [16]. In addition, npAlIR is associated with
a history of autoimmune disorders in as many as 70% of cases [17]. All cases of
suspected npAIR should have a thorough work-up to rule out malignancy (Figs. 8.2
and 8.3).

BDUMP affects women and men equally and typically precedes the diagnosis
of cancer by months to years. Five characteristic signs have been described: bilat-
eral multiple subtle round or oval subretinal round red patches in the RPE, early

Fig. 8.2 Color fundus photos (a, b) and fundus autofluorescence (FAF) (¢, d) of a 35-year-old
male with a history of progressive vision loss over several years and positive anti-retinal and anti-
optic nerve antibodies. Fundus images show mild to moderate pallor of the optic nerves with oth-
erwise unremarkable retinas (a, b). FAF shows no specific pattern or abnormality (c, d). (Image
courtesy of Maggie M. Wei and H. Nida Sen, MD, NEI, NIH)
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Fig. 8.3 Color fundus photos (a, b), fundus autofluorescence (FAF) (¢, d) and Goldmann visual
fields (GVF) (e, f) of a 56-year-old male with progressive vision loss over 18 months and positive
antiretinal antibodies. Fundus images show a mildly increased cup-to-disc ratio with otherwise
unremarkable retinas OU (a, b). FAF shows nonspecific changes including hypoautofluorescent
patches OU, a speckled hypoautofluorescent patch temporal to macula OD, and foveal mottling OS
(c, d). GVF showed superior central constriction OD and nasal peripheral constriction OS (e, f).
(Images courtesy of Maggie M. Wei and H. Nida Sen, MD, NEI, NIH)

hyperfluorescence of these lesions on fluorescein angiography (FA), multiple ele-
vated pigmented and non-pigmented uveal melanocytic tumors with diffuse uveal
tract thickening, exudative retinal detachment, and rapid cataract development
[18] (Fig.8.4). Furthermore, periocular pigmentation and palmar fasciitis can be
seen [19, 20].
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Fig. 8.4 Color fundus photos (a, b) with corresponding fundus autofluorescence (FAF) (¢, d) in a
patient with bilateral diffuse uveal melanocytic proliferation. Note the bilateral, round or ovoid,
subretinal, elevated pigmented uveal melanocytic tumors (a, b) with corresponding hypoautofluo-
rescence on FAF (c, d). (Images courtesy of Dr. Carol Shields, MD)

8.3  Diagnostic Tests

Several diagnostic tests are essential to establish the diagnosis of AIR. These include
serology for antiretinal antibodies (ARA), fundus autofluorescence (FAF), spectral
domain optical coherence tomography (SD-OCT), electrophysiological tests includ-
ing full field electroretinogram (ffERG) and multifocal electroretinogram (mfERG),
visual fields (VF), and fluorescein angiography (FA).

8.3.1 Antiretinal Antibodies (ARA)

To date, at least 18 different anti-retinal antibodies have been reported with antibod-
ies to recoverin the most specific [1, 3, 4, 12, 16]. Other antibodies include alpha
enolase, transferrin, interphotoreceptor retinoid binding protein, neurofilament pro-
teins, tubby-like protein 1, heat shock cognate protein 70, glyceraldyhyde-3-
phosphate-dehydrogenase, carbonic anhydrase II, arrestin, bestrophin, and myelin
basic protein [3]. In CAR, variations in disease phenotype have been linked to spe-
cific ARAs [21]. CAR associated with anti-recoverin antibodies demonstrates a
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very rapid disease onset and visual decline, whereas cases associated with anti-
enolase antibodies demonstrate a more subacute presentation with less severe visual
loss [21].

ARA can be detected using laboratory techniques such as immunohistochemis-
try, western blot, as well as enzyme linked immunosorbent assay, however, all these
techniques lack standardization and therefore their diagnostic yield can vary signifi-
cantly. The detection of ARA is not sufficient alone for a diagnosis of AIR nor can
detection confirm an antibody to be pathogenic. Seropositivity ranges from 65% in
CAR and MAR [12] to 41% in npAIR [16]. When detected, most patients with AIR
are found to have three or more autoantibodies [3]. ARAs have been found in up to
62% of normal human serum used in commercial diagnostic labs [22]. Furthermore,
ARAs have been found in several retinal diseases including retinitis pigmentosa,
Vogt-Koyanagi-Harada disease, Behcet’s, sympathetic ophthalmia, toxoplasmosis,
onchocerciasis, age-related macular degeneration, diabetic retinopathy, idiopathic
vasculitis, and uveitis [2, 4, 7]. As a result it is important to correlate ARA testing
within the clinical context. Validation studies are required before the true sensitivity
and specificity of ARAs can be determined and contribute to reliable diagnostic
criteria [2, 3].

8.4 Fundus Autofluorescence (FAF)

On FAF, AIR occasionally demonstrates a characteristic parafoveal ring of hyperau-
tofluorescence with normal autofluorescence inside the ring and progressive hypo-
autofluorescence outside the ring [23] (Fig. 8.1c, d). SD-OCT confirms loss of the
ellipsoid layer and thinning of the outer nuclear layer (ONL) over the hyperauto-
fluorescent transition zone. This correlates with an extensive scotoma on visual field
testing. Within the ring, thinning of the ONL is seen [23].

8.4.1 Spectral Domain Optical Coherence Tomography (SD-OCT)

Outer retinal abnormalities on SD-OCT have been reported in the majority of
patients with CAR and npAIR. These include loss of the outer nuclear layer, exter-
nal limiting membrane, ellipsoid layer, and a general reduction in central macular
thickness [3, 7, 23]. Although less common, cystoid macular edema (CME) and
mild schisis-like changes can also be seen [3]. All findings are more evident in the
later stages of disease (Fig. 8.5).

8.4.2 Full Field and Multifocal Electroretinogram (ffERG, mfERG)

Electrophysiological tests such as full field ERG (ffERG) and multifocal ERG
(mfERG) are important to diagnose AIR. Early in the disease, abnormalities in rod,
cone, or bipolar cell responses can be seen resulting in severely diminished or extin-
guished a and b waves (Fig. 8.6). CAR predominantly affects the photoreceptors
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Fig. 8.5 Spectral domain optical coherence tomography (SD-OCT) images for the right (a) and
left (b) eyes of a patient with CAR. Note the diffuse atrophy with loss of the outer retinal bands.
(Images courtesy of Dr. Murtaza Adam, MD)
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Fig. 8.6 Scotopic full field electroretinogram (ffERG) rod response (a) and combined maximal
response (b) for the right eye of a patient with CAR. Note the flat ERG (a) and negative B wave
(b). (Images courtesy of Elizabeth Affel)

and thus the a-wave is severely reduced particularly in the macula; this can be con-
firmed with mfERG [1, 3, 7]. MAR typically affects ON-bipolar cell function and
therefore results in an electronegative ERG characterized by a markedly reduced
dark-adapted b-wave (Fig. 8.6b) [1, 3, 7]. ERG findings in npAIR are similar to
CAR but can be highly variable [3, 7].
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8.5 Visual Fields

AlR is associated with variable patterns of visual field loss. CAR is most commonly
associated with a central scotoma while MAR is more commonly associated with a
peripheral ring scotoma [3, 4, 7] (Fig. 8.3e, f). NpAIR is associated with generalized
sensitivity loss and peripheral constriction [7].

8.6  Fluorescein Angiography

Fluorescein angiography is typically unremarkable in AIR, however, it is helpful in
order to rule out other retinal diseases. Perivascular leakage, optic nerve staining,
and CME have been reported [2, 7].

8.7 Treatment

As arare disease, there is no established treatment protocol for AIR. Currently the evi-
dence for therapeutic intervention stems from case reports and small case series [17].
Despite this, early, long-term systemic immunosuppression is recommended as treat-
ment is likely to have little effect once photoreceptor degeneration has occurred [17].

Several different treatments for AIR have been reported each with varying suc-
cess. These include cytoreductive procedures (such as radiation or surgery), cortico-
steroids, immunomodulatory agents, IVIG, and plasmapheresis [1-4, 7].
Cytoreductive procedures are thought to work by decreasing ARA production
through a decrease in tumor burden. Corticosteroids have been administered peri-
ocularly, orally, intraocularly, and intravenously. Immunomodulatory agents used
include cyclosporine, azathioprine, mycophenolate mofetil, rituximab, and alemtu-
zumab [1-4]. A recent retrospective review of long-term immunosuppression for
AIR in 30 patients found that immunosuppression resulted in clinical improvement
in all subgroups of AIR, however, patients with CAR were the most responsive and
those with npAIR the least responsive. Furthermore, patients with a family history
of autoimmune disease were less responsive to immunosuppression therapy [17].
Treatment outcomes for MAR overall have been disappointing, but plasmapheresis
has demonstrated some promise [4, 13]. Treatment response is best followed by
serial visual field testing and ERG. ARA levels have also been proposed as a useful
marker for monitoring treatment response [1, 4].

Conclusion

AIR is a rare yet potentially blinding condition that encompasses CAR, MAR,
BDUMP, and npAIR. All patients suspected of having AIR require a thorough
work-up for malignancy. The diagnosis can be made using a combination of the
patient’s history, clinical exam, and a multitude of diagnostic tests including
SD-OCT, ERG, fundus autofluorescence, visual field testing, and serology for
ARA. Early diagnosis and treatment can prolong life and prevent or reverse
visual acuity loss in some patients.
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Key Learning Points

Autoimmune retinopathy (AIR) is a general term for rare disease entities that
include cancer associated retinopathy (CAR), melanoma-associated retinopathy
(MAR), bilateral diffuse uveal melanocytic proliferation (BDUMP), and non-
paraneoplastic autoimmune retinopathies (npAIR).

In AIR, visual symptoms are typical worse than the clinical findings.

A diagnosis can be made using a combination of tests including spectral-domain
optical coherence tomography (SD-OCT), visual field testing, electrophysiology
(ERG), and anti-retinal antibody (ARA) testing.

All patients suspected of having non-paraneoplastic autoimmune retinopathy
(npAIR) require a thorough work-up to rule out malignancy.

Treatment with corticosteroids or immunomodulatory agents has demonstrated
efficacy, however visual prognosis is typically poor.
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Systemic Infectious Diseases

Aniruddha Agarwal and Vishali Gupta

Abstract

Systemic infectious diseases can affect various organ systems including the
ocular tissue. Organisms such as bacteria, viruses, fungi, and parasites can dis-
seminate from their systemic foci of infection and involve the retinal and the
choroid. Retinochoroidal involvement due to systemic infectious conditions can
present with protean clinical manifestations and can often result in a diagnostic
challenge. Often, these entities can present with unusual ocular findings. Thus,
the clinician may need advanced laboratory support including analysis of ocular
fluids and/or tissues to establish accurate diagnosis. In the past few decades,
there have been numerous advances in the field of ocular imaging. With the intro-
duction of newer imaging modalities such as enhanced-depth imaging optical
coherence tomography and ultrawide-field fundus photography, it is possible to
obtain high-quality near-histological images of the retina and choroid. Such
observations can greatly aid the clinician in establishing the diagnosis early. In
the index chapter, infectious chorioretinal diseases such as tuberculosis, toxo-
plasmosis, Lyme disease, and syphilis have been described with an emphasis on
their clinical and imaging features.
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9.1 Introduction

A number of systemic infections can result in ocular disease that may be associated
with severe visual morbidity. Often, ocular findings may be the presenting feature
of these conditions. On the other hand, delay in the diagnosis of infectious posterior
uveitis and chorioretinitis may be associated with permanent visual impairment [1].
While systemic infections caused by bacteria, viruses, fungi, and parasites are more
common in developing countries, many pathogens are endemic throughout the
world, and thus, conditions such as tuberculosis can present in developed countries
as well [2]. Therefore, a clinician must rule out infectious etiologies when evaluat-
ing every case of chorioretinitis because immunosuppressive therapy in the absence
of appropriate antibiotic cover can lead to life-threatening fulminant disease. In
addition, ocular infection can rapidly spread resulting in sight-threatening sequelae.

Apart from direct invasion of the ocular tissues, systemic infectious agents can
result in retinochoroidal inflammation due to altered immunological response of the
host due to various mechanisms such as molecular mimicry [3]. Hypersensitivity
reaction to the proteins of such infectious microorganisms can also result in tissue
damage and inflammation. Thus, immunological response of the host plays an
important role in pathogenesis of the disease.

With advancing biomedical engineering techniques, a number of state-of-the-art
imaging devices have been introduced in the field of ophthalmology in the past few
decades. It is now possible to image various ocular tissues noninvasively.

With the help of multimodal imaging techniques, staging, treatment response, and
prognosis of various entities such as tubercular serpiginous-like choroiditis (SLC)
and toxoplasmosis can be accurately assessed. In the following sections, a com-
prehensive overview of imaging features for each of these conditions is presented.

9.2 Tuberculosis

Tuberculosis (TB) is a leading infectious cause of morbidity and mortality.
Worldwide, one-third of the population is estimated to be infected with
Mycobacterium tuberculosis (latent TB). Nearly 10% of individuals with latent TB
are likely to develop the disease at some time in their lives [4]. In 2014, 9.6 million
individuals the world over suffered from TB-related disease with over 1.5 million
TB-related deaths [5]. During the same year, the rate of decline of TB cases
decreased in the USA, suggesting that the disease may potentially reemerge even in
non-endemic areas.

9.2.1 Systemic Features of Tuberculosis

The spread of TB occurs through the aerial route. When infectious mycobacteria are
inhaled, primary infection may occur in the lung. Involvement of lung parenchyma,
regional lymph nodes, and pleural tissue may result in the formation of Ghon focus.
If the host’s immune system is capable of destroying the multiplying mycobacteria,
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the patient may not manifest the disease. However, reactivation of the disease is
possible in the future during states of immunosuppression. Pulmonary TB may
present with cavitatory lesions and destruction of lung parenchymal tissue. Pleural
effusion may accompany lesions in the lung [6].

Dissemination of the organism may occur and extrapulmonary sites may be
affected due to TB. Commonly affected organs include the central nervous system
(tubercular meningitis), cardiovascular system, liver, gastrointestinal system, verte-
brae (Pott’s spine), joints (tubercular arthritis), and lymph nodes, among others.
Extrapulmonary involvement with TB may be very severe, especially in the pres-
ence of HIV coinfection [7]. Highly virulent form of the disease may ensue, leading
to rapid weight loss, wasting, and death of the patient [8].

9.2.2 Intraocular Tuberculosis

Intraocular TB represents an extrapulmonary form of the disease, which may occur
in 1.4-6.8% of patients with pulmonary TB [9, 10]. However, often intraocular TB
may not be accompanied by pulmonary disease making the diagnosis challenging.
Moreover, the paucibacillary nature of ocular infection makes the microbiological
diagnosis challenging [11]. Therefore, diagnosis of intraocular TB is based on a
multitude of clinical findings, systemic TB, chorioretinal imaging, and supportive
laboratory tests evaluating tubercular hypersensitivity (such as tuberculin skin test
and interferon gamma release assay).

Although posterior segment uveitis is the most common form of intraocular TB,
patients may present with chronic, recurrent anterior uveitis. Anterior uveitis is usu-
ally granulomatous inflammation with cells, flare, rarely hypopyon, mutton-fat
keratic precipitates, iris nodules (Koeppe’s or Busacca’s), and broad-based posterior
synechiae. TB-related granulomas may be found in the angle of the anterior cham-
ber. Chronic anterior uveitis may be associated with development of posterior sub-
capsular cataract, pupillary block, and secondary glaucoma. Other features include
iris neovascularization and band-shaped keratopathy. Intermediate uveitis may be
seen due to spillover of the inflammation into the vitreous cavity. There may be
severe vitritis, snow balls, snow banking, peripheral vascular sheathing, and cystoid
macular edema. There may be presence of tuberculomas of the ciliary body detect-
able on ultrasound biomicroscopy [11].

Posterior segment manifestations of ocular TB include serpiginous-like choroi-
ditis (or multifocal serpiginous choroiditis), tubercular granulomas or tubercles,
subretinal abscesses, neuroretinitis, retinal vasculitis, and rarely endophthalmitis or
panophthalmitis [2, 11, 12]. The following sections describe clinical and imaging
characteristics of tubercular lesions that primarily involve the retinochoroid.

9.2.2.1 Serpiginous-Like Choroiditis

Serpiginous-like choroiditis (SLC) typically affects young to middle-aged adults
from TB-endemic areas (Fig. 9.1) [13, 14]. Unlike autoimmune serpiginous choroi-
ditis, tubercular serpiginous-like choroiditis occurs at a younger age, associated



128 A. Agarwal and V. Gupta

Fig. 9.1 Multimodal imaging of a 24-year-old male diagnosed with tubercular serpiginous-like
choroiditis (SLC). (a) Color fundus photography shows presence of multifocal yellowish-white
perivascular choroiditis lesions involving the posterior pole and mid-periphery. On fundus auto-
fluorescence, the lesions show central areas of hypo-autofluorescence. Active edges appear hyper-
autofluorescent (b). Simultaneous fluorescein angiography (FA) and indocyanine green
angiography (ICGA) in the early phase (¢) show RPE window defects in the healed areas. Active
lesions appear hypofluorescent on FA. ICGA shows diffuse hypofluorescence. In the late phase
(d), the active lesions show intense hyperfluorescence on FA and hypofluorescence on ICGA

with mild vitritis, and is bilateral in majority of the cases [15]. TB SLC may have
different morphological patterns [13]:

1. Multifocal choroiditis: This phenotype presents with discreet lesions, is yellow-
ish white in color, measures about Y4—1 disk diameter in size with well-defined
margins and slightly raised edges which are noncontiguous to begin with, and
shows a wavelike progression over a period of 1-4 weeks and gradually becomes
confluent (Fig. 9.1).

2. Placoid chorioretinitis: This phenotype presents with a diffuse plaque-like lesion
with an amoeboid pattern and active serpiginous-like edge at the initial presenta-
tion. The edges are yellowish white and elevated, whereas the center of the lesion
is less elevated with pigmentary changes suggestive of a healing process in the
center of the lesion.

3. Mixed pattern: These lesions present with overlapping features of both multifo-
cal and placoid chorioretinitis.
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9.2.2.2 Choroidal Granulomas, Tubercles, and Subretinal Abscesses
Choroidal granulomas and tubercles occur as a result of hematogenous dissemina-
tion of TB bacilli from pulmonary and extrapulmonary sites [2, 16]. The tubercles
may be unilateral or bilateral, usually multiple, discreet grayish-white to yellowish
subretinal lesions with indistinct borders. The lesions are usually seen in the poste-
rior pole but may be present in the mid-periphery [10]. A choroidal granuloma may
clinically resemble non-inflammatory condition such as central serous chorioreti-
nopathy, choroidal metastases, melanoma of the choroid, and age-related macular
degeneration (Fig. 9.2).

On the other hand, solitary choroidal granuloma may present as a large, elevated
yellowish subretinal mass often associated with exudative retinal detachment. The
lesion is associated with rapid necrosis and tissue destruction [17]. These patients
often have disseminated systemic TB [18]. TB-related subretinal abscess appears
distinct and more yellowish in color compared to a small choroidal granuloma.
They usually have overlying retinal hemorrhages and have a tendency to develop
retinal angiomatous proliferation over a period of time.

Fig. 9.2 Imaging features of a 40-year-old male with tubercular granulomas in the /eft eye. On
ultrawide-field fundus photography (a), the lesions appear yellow-white, subretinal, and multiple,
involving the posterior pole. Simultaneous fluorescein angiography (FA) and indocyanine green
angiography (ICGA) in the early phase (b) show hypofluorescence of the lesions. On infrared
imaging (c), the granulomas are clearly demarcated. Enhanced-depth imaging optical coherence
tomography through the subretinal granuloma shows elevation of RPE due to the granulomas,
subretinal fluid, and atrophy of the inner choroidal vasculature (d)
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9.2.2.3 Tubercular Retinitis

Rarely, intraocular TB may present with atypical features mimicking other etiologies
of infectious necrotizing retinitis such as viral (herpetic) retinitis or atypical toxo-
plasma retinochoroiditis. Often, these patients may be immunocompromised due to
HIV coinfection. Such cases may be accompanied by retinal periphlebitis [19].

9.2.3 Imaging Features

9.2.3.1 Fundus Photography, Autofluorescence, and Ultra-wide field
Fundus Imaging

Since the diagnosis of TB SLC depends upon the clinical appearance and morphol-
ogy of the choroiditis lesions, adequate assessment of the disease phenotype using
high-quality color fundus photography is essential. Serial fundus photography
(from acute stage to the stage of healing) is very useful in the assessment of mor-
phological evolution of the lesions [13]. In addition, color fundus photography can
enable detection of vitreous haze among patients with intraocular TB.

FAF is a very useful noninvasive imaging modality in the management of TB
SLC. Characteristic changes are observed on FAF as the lesions evolve from active
to healed stage. Lesions of TB SLC can be staged using FAF to determine the
response of therapy (Fig. 9.3) [20]. Active lesions demonstrate ill-defined hyper-
autofluorescence throughout the lesions giving them a diffuse, amorphous appear-
ance (stage 1). In the stage of early healing, a thin rim of hypo-autofluorescence is
seen surrounding the lesion which remains predominantly hyper-autofluorescent
with a stippled pattern (stage 2). With further healing, the lesion becomes predomi-
nantly hypo-autofluorescent (stage 3). On complete healing, the lesions become
uniformly hypo-autofluorescent (stage 4) (Fig. 9.3; Table 9.1) [20].

Ultrawide-field fundus imaging can provide new insights into the disease patho-
physiology. In a recent study, using ultrawide-field imaging, additional features
such as peripheral choroiditis, active retinal vasculitis, and neovascularization were
observed among patients with TB SLC compared to conventional imaging [21].
Using this technology, it is possible to simultaneously document posterior and
peripheral TB SLC lesions in one image and monitor the overall response to treat-
ment on successive visits. Therefore, ultrawide-field imaging may be superior to
conventional imaging in identifying changes such as peripheral paradoxical wors-
ening which may be otherwise missed (Fig. 9.4) [21].

9.2.3.2 Fluorescein Angiography

On FA, active lesions of TB SLC are hypofluorescent in the early phase. Active
lesions show late hyperfluorescence. As the lesions progress and become confluent,
the advancing edge shows early hypofluorescence with late hyperfluorescence.
Areas of resolution show retinal pigment epithelial transmission defects. Choroidal
tubercles and granulomas are hypofluorescent in the phase of early dye transit and
become hyperfluorescent in the late frames (Fig. 9.1) [13].
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Fig. 9.3 Fundus autofluorescence of tubercular serpiginous-like choroiditis (SLC) lesions in vari-
ous stages of the disease. In the early active stage (a), there is diffuse hyper-autofluorescence of the
lesions (stage 1). Stage 2 is characterized by a thin rim of hypo-autofluorescence surrounding the
hyper-autofluorescent lesions (b). Stage 3 is characterized by stippled appearance with mixed
hyper- and hypo-autofluorescence, but predominant hypo-autofluorescence (c). In the stage 4, the
lesions appear uniformly hypo-autofluorescent (d)

Ultrawide-field FA is very useful in the management of intraocular TB. In com-
parison with conventional FA, ultrawide-field imaging can reveal additional infor-
mation such as peripheral capillary non-perfusion areas, retinal neovascularization,
and retinal vascular leakage. Such findings may alter treatment decisions such as the
need for scatter laser photocoagulation [21].

9.2.3.3 Indocyanine Green Angiography

Active lesions of TB SLC remain hypofluorescent from early to late phase on
ICGA. ICGA is very useful in detecting choriocapillaritis among patients with
tubercular choroiditis. On the other hand, choroidal tubercles show early and inter-
mediate hypofluorescence on ICGA. In the late phase, the lesions may become
hyperfluorescent (type 1) indicating active choroidal lesions or remain hypofluores-
cent (type 2) indicating areas of atrophy. There may be presence of numerous hyper-
fluorescent spots, fuzzy appearance of choroidal vessels in the intermediate phase,
and late choroidal hyperfluorescence due to dye leakage which tends to regress after
completion of treatment with antitubercular therapy and corticosteroids. The ICGA
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Table 9.1 Imaging features of lesions of tubercular serpiginous-like choroiditis

Stage of Appearance on
lesions | FAF features Features on EDI-OCT | ICGA Features on FA
1 I11-defined Outer retinal hyper- Early and late Early
hyper- reflectivity, sub-RPE hypofluorescence; | hypofluorescence
autofluorescence | hyper-reflective fuzzy margins with late
throughout the deposits, IS-OS hyperfluorescence
lesions disruption, decreased
choroidal reflectance
2 Thin rim of Irregular hyper- Early Early
hypo- reflective elevations in | hypofluorescence | hypofluorescence
autofluorescence | the RPE, IS-OS and with discrete with late
surrounding the | ELM disruption, mildly | margins hyperfluorescence
lesion which decreased choroidal
remains reflectance
predominantly
hyper-
autofluorescent
3 Predominantly Outer retinal hyper- Early Early and late
hypo- reflective deposits with | hypofluorescence | hyperfluorescence
autofluorescence | knob-like elevations of | with discrete due to RPE
of the lesions RPE, IS-OS and ELM margins window defects
disruption, atrophy of
RPE-Bruch’s complex,
increased choroidal
reflectance
4 Uniform Atrophy of outer retinal | Early and late Early and late
hypo- layers and RPE, IS-OS, | hypofluorescence | hyperfluorescence
autofluorescence | and ELM disruption, due to RPE
of the lesions increased choroidal window defects
reflectance, choroidal
thinning, loss of
choriocapillaris layer

EDI-OCT enhanced-depth imaging optical coherence tomography, ELM external limiting mem-
brane, FA fluorescein angiography, /CGA indocyanine green angiography, IS-OS photoreceptor
inner segment-outer segment, OCTA optical coherence tomography angiography, RPE retinal pig-
ment epithelium

changes are usually reversible and may be used to monitor the response to therapy
(Figs. 9.1 and 9.2) [22-24].

9.2.3.4 Optical Coherence Tomography

Optical Coherence Tomography Features of Tubercular Serpiginous-Like
Choroiditis

OCT features of TB SLC include peripapillary retinal atrophy, disruption of the
photoreceptor layer, thinning of retinal pigment epithelium (RPE), mild cystic
changes, as well as subretinal fibrosis in the area of old choroidal neovascularization
and marked attenuation of the interdigitation zone in the outer retina [25, 26]. In the
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Fig. 9.4 Paradoxical worsening of tubercular serpiginous-like choroiditis (SLC) lesions after ini-
tiation of antitubercular therapy (ATT). At presentation, color fundus photography (a) shows pres-
ence of multifocal choroiditis lesions along the superior vascular arcade and in the inferior macula.
Three weeks after initiation of ATT, there is continuous progression of SLC lesions and coales-
cence in the macula, threatening central vision (b). At presentation, fundus autofluorescence (FAF)
shows presence of hyper-autofluorescence within the lesion indicating active disease (c¢). Repeat
FAF imaging shows increase in the size of the lesions and persistent hyper-autofluorescence (d)

acute stage of TB SLC, active edge of the lesions shows a localized, fuzzy area of
hyper-reflectivity in the outer retinal layers involving the RPE, photoreceptor outer
segment tips, ellipsoid and myoid zones, external limiting membrane, and the outer
nuclear layer with no increased backscattering from the inner choroid. As the lesions
begin to heal from the center, the hyper-reflective fuzzy areas begin to disappear
from OCT scans and are replaced by irregular, hyper-reflective knobbly elevations
of the outer retinal layers. The RPE, ellipsoid and myoid zones, and the external
limiting membrane cannot be distinguished at this stage. There is an increased
reflectance from the choroidal layers due to attenuation of the RPE-photoreceptor
complex. As the lesions continue to heal further, there is loss of RPE and outer reti-
nal layers and persistent increased reflectance from the choroid on OCT [27].

The technology of enhanced-depth imaging (EDI)-OCT has provided new
insights into the choroidal involvement in TB SLC. Using EDI-OCT, choroidal
infiltration, elevation of the RPE-Bruch’s membrane complex, and focal increase in
choroidal thickness have been observed in patients with active TB SLC [27].
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Optical Coherence Tomography Features of Tubercular Granulomas

OCT is very useful in the diagnosis and management of tubercular granulomas.
Findings on OCT among patients with subretinal granulomas correlate well with
ICGA, obviating the need for an invasive procedure. On OCT, an area of localized
adhesion between the choriocapillaris-RPE and the overlying neurosensory retina
may be observed (contact sign) due to inflammatory adhesions overlying the granu-
loma [28]. Thus, OCT can help to differentiate tubercular choroidal granulomas
from other non-inflammatory lesions. In addition, OCT is useful in confirming the
presence of exudative retinal detachment associated with choroidal granulomas. On
EDI-OCT, active choroidal granulomas generate an increased transmission of the
OCT signal toward the sclera. Granulomas in patients affected by TB-related uveitis
were more likely to have a lobulated shape and nonhomogeneous internal pattern
compared to granulomas related to other entities such as sarcoidosis (Fig. 9.2) [29].

9.2.3.5 Optical Coherence Tomography Angiography

Newer imaging modalities such as optical coherence tomography angiography
(OCTA) are being increasingly used in the evaluation of posterior uveitides such as
TB-related choroiditis. Using OCTA, choriocapillaris hypoperfusion in association
with TB SLC is seen as flow void areas on en face OCTA. These correlate well with
findings on ICGA. Thus, noninvasive tools such as OCTA may enable detailed eval-
uation of the retinochoroidal vasculature among patients with intraocular TB [30].
In a recent report, choroidal neovascularization was detected using OCTA in a
patient with tubercular choroiditis [31]. Thus, further advances in imaging may
enhance our knowledge of pathogenesis of intraocular TB.

9.2.4 Treatment of Tuberculosis

Treatment of systemic tuberculosis consists of multidrug therapy consisting of first-
line antimycobacterial agents such as isoniazid, rifampin, ethambutol, and pyrazin-
amide, as well as second-line agents such as levofloxacin, streptomycin, and
amikacin/kanamycin, among others. The duration and dosing regimen depend on
the organ system involved, severity of disease, history of prior anti-TB therapy, and
sensitivity of the mycobacteria. In the past decade, there have been increasing cases
of multidrug-resistant TB (MDR TB) as well as extensively drug-resistant TB (XDR
TB) reported in literature [32-34]. Rifampin resistance has also been recently dem-
onstrated in ocular TB [35].

The treatment of ocular TB consists of four-drug regimen of isoniazid (5 mg/kg/
day), rifampicin (10 mg/kg/day), ethambutol (15 mg/kg/day), and pyrazinamide
(20-25 mg/kg/day) along with pyridoxine. The clinical features of ocular TB are
assessed using retinal and choroidal imaging to assess the activity of the lesions.
Ethambutol and pyrazinamide are stopped after a period of 2 months, while isonia-
zid and rifampin are usually continued for 1 year. Anti-TB therapy is usually given
in combination with systemic steroids (oral prednisolone 1 mg/kg/day) which is
tapered over the next 6—12 weeks depending upon the level of inflammation. Topical
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steroids may be employed in cases with anterior segment inflammation. Systemic
immunosuppressants and steroid-sparing agents such as azathioprine may be added
as and when required [11]. About 14% patients treated with anti-TB therapy may
develop paradoxical worsening of ocular disease (ocular Jarisch-Herxheimer reac-
tion) [36]. However, such cases are managed by increasing systemic immunosup-
pression and not by withholding anti-TB therapy. The role of anti-TB therapy in
intraocular TB is to reduce the antigen load by eliminating the bacilli, which may
prevent recurrence of the disease.

9.3  Syphilis

Syphilis is a sexually transmitted multisystem disease that is caused by a gram-
negative spirochete, Treponema pallidum. Syphilis is highly contagious, and the
infection can spread through small abrasions on the skin and mucous membranes.
In addition, the disease spreads through sexual contact as well as through vertical
transmission (transplacental route). The natural history of the acquired disease con-
sists of four stages, namely, primary, secondary, latent, and tertiary syphilis.

9.3.1 Systemic Features of Syphilis

Primary syphilis manifests with a characteristic syphilitic chancre that appears as a
painless, small ulcer with a hard base in the genital area. Syphilitic chancres are
highly contagious and most commonly occur 2—-6 weeks after infectious exposure.
Although painless, the infective organisms spread from the lesion to involve regional
lymph nodes resulting in painless nonsuppurative lymphadenopathy. The chancres
usually heal without treatment. However, if left untreated, the organisms spread
through the hematogenous route, and the disease often manifests with secondary
syphilis. During this stage of the disease, the patient may develop fever and macu-
lopapular rash involving the palms and soles. Other common features during this
stage include headache, myalgia, and sore throat. Clinical features of secondary
syphilis may spontaneously resolve, and the patient may develop latent syphilis.
Latent syphilis is characterized by disappearance of primary and secondary symp-
toms though the patient continues to have systemic infection with treponema organ-
isms. Latent syphilis can last for years before the patient develops tertiary disease
[37, 38].

Approximately 30-40% patients develop involvement of other organ systems
such as the central nervous system and cardiovascular system (fertiary syphilis) if
left untreated. Tertiary syphilis is characterized by formation of gumma. These rep-
resent inflammatory infiltrates in the form of a granuloma and appear soft, swollen,
rubbery lesions in the skin and other tissues. Tertiary syphilis manifests with neuro-
syphilis [39] that includes cranial nerve palsies, vascular occlusions presenting as
strokes or focal neurological deficits, tabes dorsalis (syphilitic myelopathy result-
ing in loss of coordination), and generalized paresis. Patients may also develop
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severe dementia and neurological impairment. Cardiovascular involvement presents
with aortitis, aortic aneurysms, and valvular insufficiencies. Other organ systems
commonly affected include musculoskeletal system, liver, and joints. However,
these manifestations have become increasingly rare with antibiotic therapy [38, 40].

With the availability of antibiotics such as penicillin and cephalosporins, the
incidence of syphilis dramatically decreased. However, there have been higher
numbers of cases reported recently from developed countries like the USA. This
may be related to the increasing prevalence of HIV infection [41]. Syphilis coinfec-
tion among patients with HIV may result in a highly virulent form of the disease that
may rapidly lead to death of the patient.

9.3.2 Ocular Features of Syphilis

Ocular syphilis is most commonly associated with secondary and tertiary syphilis.
Ocular involvement occurs in approximately 4-5% of patients with secondary syph-
ilis. The prevalence of syphilis among patients presenting to uveitis referral centers
has been estimated to be between 1% and 8% [42].

Pathological manifestations of syphilis can affect any ocular tissue, and the dis-
ease can have protean manifestations (Table 9.2). Inflammation can involve the
anterior segment, posterior segment, retinal vasculature, optic nerve, and orbit.
Therefore, syphilis is referred to as the great masquerader. Syphilitic anterior uve-
itis is typically granulomatous and associated with anterior chamber cells, flare,
keratic precipitates, and large iris nodules (Koeppe’s or Busacca’s nodules). Mild
involvement can present with non-granulomatous anterior uveitis. Anterior segment
inflammation may be associated with corneal involvement that manifests with inter-
stitial keratitis. Interstitial keratitis is a non-ulcerative corneal stromal condition
with sparing of the endothelium and epithelium. This condition presents with
inflammation and vascularization with minimal loss of corneal tissue [42—44].

Posterior segment disease most commonly presents with focal or multifocal
lesions of chorioretinitis. Lesions of chorioretinitis appear deep yellow-gray with a

Table 9.2 Ocular manifestations of syphilis

Cornea, conjunctiva Interstitial keratitis, conjunctivitis

Episclera and sclera Episcleritis, scleritis

Anterior chamber and Anterior uveitis, iritis, iridocyclitis, iris nodules, hypopyon uveitis,
iris iris roseola, gummas of the iris

Posterior segment Panuveitis, intermediate uveitis, endophthalmitis/panophthalmitis,

chorioretinitis, retinal vasculitis, acute syphilitic posterior placoid
chorioretinitis, necrotizing retinitis, choroidal detachment, serous
retinal detachment, macular edema

Optic nerve and Optic neuritis, papilledema, neuroretinitis, optic perineuritis, optic
neuro-ophthalmological | atrophy, cranial nerve palsies, visual field defects, Argyll-Robertson
structures pupil, cortical blindness
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shallow serous retinal detachment and overlying vitreous inflammation. Severe
infection may present with necrotizing retinitis that may mimic acute retinal necro-
sis [45]. Patients with necrotizing retinitis may present with single or multiple yel-
lowish white patches of necrosis often associated with vasculitis, vitreous
inflammation, and some anterior segment inflammation [42]. Other manifestations
include retinal vasculitis with retinal ischemia. Both retinal veins and arteries may
be involved in a focal or diffuse manner. Syphilitic retinal vasculitis may present as
frosted branch angiitis. Acute syphilitic posterior placoid chorioretinitis (ASPPC)
is a distinct entity originally described by Gass. Subsequently, a number of cases of
ASPPC have been described in literature. The hallmark of ASPPC is presence of a
large, placoid lesion in the posterior pole extending beyond the major arcades
involving the outer retina and inner choroid (Fig. 9.5). In a series of 16 patients,
Eandi et al. [46] have described ASPPC as pale yellowish, ill-defined lesions with a
faded center and stippled hyperpigmentation of the RPE that coalesce to become
large confluent lesions. These lesions may be associated with vitritis, superficial
retinal hemorrhages, retinal vasculitis, disk edema, and serous detachment of the
RPE. ASPPC is typically observed among the immunocompromised patients [46].

Syphilitic uveitis can also present with intermediate uveitis and panuveitis. Other
ocular features include optic nerve inflammation (syphilitic optic neuritis) that may
progress to optic atrophy and severe visual field defects. Patients with neurosyphilis
may develop pupillary abnormalities (Argyll-Robertson pupil) (Table 9.2).

9.3.3 Imaging Features

9.3.3.1 Fundus Photography and Autofluorescence

Chorioretinal lesions of syphilis can be documented using color retinal photography.
Color fundus photographs may be used in the follow-up of patients with vitritis, cho-
roiditis, and other posterior segment diseases to document resolution with therapy.
FAF imaging is very useful in the diagnosis of ASPPC. Matsumoto and Spaide have
described FAF changes in two patients with FAF. In the area of the placoid lesion,
there is usually a slightly increased autofluorescence in a geographic pattern. In
addition, focal intensely hyper-autofluorescent spots may also be found [47]. Other
features on FAF include punctate hypo-autofluorescent spots (Fig. 9.5) [46].

9.3.3.2 Fluorescein Angiography

FA provides useful information regarding the pathology of syphilitic posterior uve-
itis. On FA, lesions of chorioretinitis show early hypofluorescence followed by late
staining. Lesions of ASPPC show early central hypofluorescence or faint hyperfluo-
rescence followed by progressive hyperfluorescence in the area of the lesion.
Variable or punctate hypofluorescence producing a classic leopard spot pattern may
be seen in later stages of the disease. FA may also be useful in the detection of
macular edema and optic nerve head inflammation among patients with syphilitic
uveitis [46].
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Fig. 9.5 Multimodal imaging of a patient with acute syphilitic posterior placoid chorioretinitis
(ASPPC). Color fundus photography shows presence of a large, diffuse, placoid lesion involving
the posterior pole and extending to the mid-periphery (a). Fundus autofluorescence shows pres-
ence of diffuse hyper-autofluorescence of the lesion with scattered focal areas of hypo-
autofluorescence (b). Indocyanine green angiography (c) shows subtle hypofluorescence along the
lesion. Fluorescein angiography (d) in the late phase shows punctate hyperfluorescence without
any leakage. (Image courtesy: Dr. Alessandro Invernizzi, MD, University of Milan, Italy)

9.3.3.3 Indocyanine Green Angiography

Characteristic features of ICGA among patients with ASPPC have been described
in various reports. Lesions of ASPPC show variable hypofluorescence in both early
and late stages on ICGA. In some patients, there may be late hyperfluorescence on
ICGA [42, 46]. ICGA is a useful tool to demonstrate choroidal vascular involve-
ment among patients with syphilitic posterior uveitis (Fig. 9.5).
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9.3.3.4 Optical Coherence Tomography

Serial imaging using OCT is very useful in the diagnosis and follow-up of patients
with posterior segment manifestations associated with syphilis. Recent studies by
Brito et al. and Pichi et al. have described the OCT features of ASPPC [48, 49].
During the early stage of the disease (within 1-2 days of presentation), OCT may
show presence of a small amount of subretinal fluid, an intact external limiting
membrane, disruption of the ellipsoid and myoid zone, and thickening and granular
hyper-reflectivity of the RPE (without nodular elevations) (Fig. 9.6). Subsequently
(7-10 days after presentation), subretinal fluid may resolve on OCT, but the scans
may show an irregular thickening and hyper-reflectivity of the RPE with prominent
nodular elevations, along with a loss of ellipsoid and myoid zones, and RPE bands.
In addition, there may be areas of punctate hyper-reflectivity in the choroid.

Fig. 9.6 Enhanced-depth imaging (EDI) optical coherence tomography (OCT) of a patient with
acute syphilitic posterior placoid chorioretinitis (ASPPC). Combined indocyanine green angiogra-
phy (ICGA) and EDI-OCT (a) show hypofluorescence on ICGA, and corresponding OCT B-scan
shows granular hyper-reflectivity of the retinal pigment epithelium (RPE). There is mild choroidal
thickening. Combined fundus autofluorescence and EDI-OCT B-scan passing through the macula
in the same patient show macular RPE thickening and focal hyper-reflectivity in the region tempo-
ral to the fovea (b). (Image courtesy: Dr. Alessandro Invernizzi, MD, University of Milan, Italy)
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Macular OCT may be useful in the detection of macular edema associated with
syphilitic uveitis. OCT may also demonstrate presence of subretinal fluid along with
outer retinal disruption. Retinal nerve fiber layer edema can be detected among
patients with optic nerve head swelling using OCT.

9.3.3.5 Advanced Imaging Modalities

Newer imaging modalities such as the swept-source OCT may provide significant
insights into the disease pathophysiology especially among cases presenting with
ASPPC. Using swept-source OCT, superior imaging of the outer retina and inner
choroid may be possible, leading to improved understanding of the nodular eleva-
tions and other changes observed on spectral-domain OCT. EDI-OCT imaging
along with tools such as OCTA may provide information on inner choroidal changes
among patients with syphilis.

9.3.4 Treatment of Ocular and Systemic Syphilis

Penicillin G is considered to be the preferred drug for the treatment of all stages of
syphilis. Based on the stage of syphilis, preparation, dosage, and length of treatment
may vary. Penicillin G is available in benzathine, aqueous, procaine, and crystalline
preparations. Treatment of secondary and tertiary syphilis is typically longer com-
pared to primary syphilis. Ocular syphilis is treated similar to neurosyphilis since
these sites have relatively impermeable blood barriers. Aqueous penicillin G (18-24
million units/day intravenous for 10-14 days) or procaine penicillin G (2.4 million
units intramuscular once a day for 10-14 days) in combination with probenecid
(500 mg four times a day orally) is preferred for ocular syphilis. Alternatively, cef-
triaxone (2 g/day intravenous for 10-14 days) can be employed for patients with
penicillin allergy [50]. Topical steroids can be used for anterior segment inflamma-
tion and keratitis. Systemic steroids may be used adjunctively for posterior uveitis
with significant intraocular inflammation and vitritis [45].

9.4 Lyme Disease

Lyme disease is a multisystem infectious disease caused by a spirochete, Borrelia
burgdorferi, and transmitted by the ticks of Ixodes ricinus complex [51]. This con-
dition is endemic in more than 20 states in the USA as well as in Europe and parts
of Asia [52]. In the USA, more than 93% cases have been reported from Northeastern
states such as Connecticut, Delaware, and Massachusetts [53]. The incidence of
Lyme disease is highest among boys in the age range of 5-9 years and persons
of both sexes in the age range of 60-64 years with an overall annual incidence of
106.6/100,000 persons in the USA [54]. A number of studies from European coun-
tries such as Italy, Bulgaria, and Belgium have also shown a variable incidence rate
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based on the local vector population [55-57]. A number of cases have been reported
from India and China highlighting the need for continuous surveillance in non-
endemic areas as well [58, 59].

9.4.1 Systemic Features of Lyme Disease

Lyme disease consists of three clinical stages: early infection with localized ery-
thema migrans (stage 1); systemic dissemination that presents with cardiac, neuro-
logical, and articular involvement (stage 2); and late or persistent infection (stage 3)
[60-62]. Early signs and symptoms may develop within 3-30 days after a tick bite.
Common features include fever, chills, headache, and fatigue. Erythema migrans
(EM) is a typical rash that occurs at the site of the tick bite. EM occurs in 70-80%
individuals and can reach a size of 12 inches or more. EM has a bull’s eye appear-
ance with partial central clearing and a bright red border. Systemic dissemination
may present months after a tick bite. Common clinical features include neurological
involvement which presents with headache and neck stiffness. Patients may present
with bilateral facial palsy, ataxia, and myelitis. Lyme carditis may present with
myocarditis or atrioventricular block. There may be severe, disabling arthritis or
persistent chronic articular inflammation [52]. Patients with Lyme disease may also
develop posttreatment Lyme disease syndrome (chronic Lyme disease), an obscure
entity that presents with fatigue, pain, and joint or muscle ache [63].

9.4.2 Ocular Features of Lyme Disease

Ocular features of Lyme disease can occur during the early stage or in the late stage,
several months to years after primary infection [64]. Conjunctivitis is the most com-
mon manifestation of Lyme disease and presents during the early stage of the dis-
ease. It may be associated with periorbital edema. Neuro-ophthalmic manifestations
also occur early during the course of the infection [65]. Other ocular features during
stage 2 (stage of systemic dissemination) include blepharospasm, endophthalmitis/
panophthalmitis, cystoid macular edema, optic neuritis (Fig. 9.7), retinal vasculitis,
Horner’s syndrome, and Argyll-Robertson pupil. Conditions such as stromal/num-
mular keratitis, episcleritis, and orbital myositis occur during stage 3 of the disease
(Table 9.3) [65-68].

Intermediate uveitis or posterior uveitis in Lyme disease may be accompanied by
retinal vasculitis. Patients with Lyme disease may also present with lesions of mul-
tifocal choroiditis that appear as small, round, and punched-out along with variable
vitreous inflammation [69]. Other posterior segment findings in Lyme disease include
acute exudative polymorphous vitelliform maculopathy (AEPVM) [70], neuroretini-
tis, and inflammatory choroidal neovascularization. Orbital myositis may present with
thickening of extraocular muscles, lid edema, proptosis, ptosis, or dacryoadenitis.
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Fig. 9.7 Fluorescein
angiography (FA) of a
patient with Lyme
disease-related optic
neuritis, retinal vasculitis,
and macular edema.
Ultrawide-field FA (a)
shows disk
hyperfluorescence in the
late phase, cystoid macular
edema, and peripheral
focal vascular leakage
(predominantly venular).
Magnified view (b) shows
presence of optic neuritis
and macular edema

Table 9.3 Ocular features of Lyme disease

Stage of the

disease Ocular features

1 Conjunctivitis, periorbital edema

2 Blepharospasm, uveitis (iridocyclitis/iritis), panophthalmitis, choroiditis, optic

disk edema, macular edema, optic neuritis, pseudotumor cerebri, ischemic
optic neuropathy, optic atrophy, Horner’s syndrome, Argyll-Robertson pupil
3 Corneal involvement (stromal/nummular keratitis), episcleritis, orbital
myositis, cortical blindness
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9.4.3 Imaging Features

9.4.3.1 Fundus Photography

Among patients with Lyme disease, clinical fundus photography may be useful to
document presence of vitreous haze. Choroidal lesions of Lyme disease appear as
focal, punched-out lesions mostly involving the posterior pole and mid-periphery.
There may be associated inflammatory choroidal neovascularization. Lesions of
AEPVM present with multifocal serous retinal detachment and accumulation of
deposits in the outer retinal layer [70].

9.4.3.2 Fluorescein Angiography

The appearance of chorioretinal lesions in Lyme disease on FA is similar to lesions
of syphilis. Chorioretinal lesions demonstrate early hypofluorescence followed by
late staining. Among patients with Lyme disease, FA may be useful to detect the
presence of retinal vascular leakage due to vasculitis. Retinal vasculitis may be
rarely associated with occlusion and ischemia. Optic nerve head hyperfluorescence
suggests presence of optic neuritis (Fig. 9.7) [71, 72].

9.4.3.3 Optical Coherence Tomography

OCT imaging may help in characterizing the chorioretinal involvement in Lyme
disease. OCT is useful in demonstrating swelling of the optic nerve head among
patients with optic neuritis. Significant number of patients with Lyme disease may
have cystoid macular edema that can be diagnosed and followed using OCT [67, 68].

9.4.4 Treatment of Lyme Disease

The treatment of Lyme disease consists of systemically administered antibiotics
such as beta-lactams and tetracyclines along with corticosteroids [73]. Early Lyme
disease that manifests with erythema migrans can be treated with oral doxycycline
(100 mg twice a day), amoxicillin (500 mg three times a day), or cefuroxime axetil
(500 mg twice a day) for 2 weeks. Macrolide antibiotics and first-generation cepha-
losporins such as cephalexin are not recommended for early Lyme disease. Drugs
used in children include doxycycline (4—8 mg/kg/day) or amoxicillin (50 mg/kg/
day) [73].

Intravenous route of administration may be employed for patients with neuro-
logical manifestations and advanced disease affecting the cardiovascular system.
The treatment regimen consists of ceftriaxone or cefotaxime 2 g/day for 2—4 weeks
[73-75]. There are no guidelines available in literature that guide therapy for ocular
Lyme disease. Treatment of ocular disease depends on disappearance of serum anti-
body titers. Concomitant systemic or topical corticosteroids can be used to treat
associated inflammation.
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9.5 Cat Scratch Disease

Cat scratch disease (CSD) is also known as bartonellosis. CSD is a zoonotic
infection caused by a gram-negative bacillus, Bartonella henselae. Domestic cats
serve as the primary mammalian reservoir of this organism. Ctenocephalides felis
(cat flea) is the arthropod vector that spreads the disease. Human infection is usually
caused by scratch from an infected cat or contamination of surface wounds [76, 77].
The worldwide seroprevalence of this condition is estimated to be approximately
20%. Annual incidence of CSD based on national outpatient database in the USA is
estimated to be 9.3/100,000 [78]. A pooled analysis of a large number of CSD cases
was performed in Turkey [79]. In a small study conducted in Italy, 21% patients
awaiting heart transplant were diagnosed to be seropositive for B. henselae [80].

9.5.1 Systemic Features of Cat Scratch Disease

CSD is commonly seen in children and young adults. The condition starts with a
vesicular eruption at the site of inoculation. Following dissemination of the organ-
ism, tender regional lymphadenopathy develops within 1-2 weeks. Other systemic
features include malaise, fever, anorexia, and arthralgia. Visceral involvement may
present with hepatosplenomegaly. Rarely, CSD may present with meningoenceph-
alitis, seizures, headache, and other neurological complaints. Cardiac involvement
may present with endocarditis. Among immunocompromised subjects, CSD may
present with a characteristic systemic features such as bacillary angiomatosis and
peliosis. Bacillary angiomatoses are vascular proliferative lesions that appear red/
purple papules on the skin and mucous membranes. These resemble vascular
lesions of Kaposi’s sarcoma [81, 82]. Peliosis hepatitis is an uncommon presenta-
tion with abdominal pain, nausea, and vomiting due to vascular lesions in the liver
[83, 84].

9.5.2 Ocular Features of Cat Scratch Disease

Ocular manifestations of CSD can be divided into two categories: primary involve-
ment (Parinaud oculoglandular syndrome) or secondary involvement due to sys-
temic dissemination of the disease. Parinaud oculoglandular syndrome manifests
with conjunctivitis, conjunctival granulomas, stromal keratitis, and orbital inflam-
mation. Neuro-ophthalmic manifestations include optic nerve head edema, neuro-
retinitis [85], and inflammatory mass lesions involving the optic nerve.
Retinochoroidal inflammation may manifest as juxtapapillary chorioretinitis that
appear as cotton-wool spots. There may be accompanying satellite lesions in the
retina. Vascular abnormalities such as angiomatous-like proliferation (similar to
bacillary angiomatosis) (Fig. 9.8), branch retinal arteriole occlusion, or retinal vas-
culitis may be seen on careful examination. Other ocular features of CSD include
serous retinal detachment, panuveitis, and intermediate uveitis [86, 87].
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Fig. 9.8 Fundus photography and fluorescein angiography (FA) of a patient with cat scratch dis-
ease. A yellowish-white lesion with fuzzy edges, surrounding exudation, subretinal fluid, and inter-
nal limiting membrane wrinkling is seen on color fundus photography (a). Magnified view shows
characteristic vascular pattern within the lesion. FA (early transit phase) (b) shows hyperfluores-
cence of the lesion with surrounding focal areas of hyperfluorescence (satellite lesions). Magnified
view shows characteristic pattern of vascular proliferation reminiscent of bacillary angiomatosis

9.5.3 Imaging Features

9.5.3.1 Fundus Photography and Autofluorescence

Chorioretinal lesions of CSD can be documented using color fundus photography.
Neuroretinitis presents with optic nerve head edema with a macular star formation
due to exudation. In addition, internal limiting membrane wrinkling may be
observed. Lesions of retinitis may appear dark on FAF because of blockade of the
normal RPE autofluorescence due to the overlying retinitis lesion.
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9.5.3.2 Fluorescein and Indocyanine Green Angiography

Lesions of CSD present with abnormal dye leakage on FA. In the early phase,
juxtapapillary granulomas of CSD may present with dye leakage on FA. Abnormal
retinal vascular patterns reminiscent of bacillary angiomatosis may be observed on
FA [88]. Occasionally, chorioretinal lesions may present with only late leakage
[89]. Other features seen on FA include cystoid macular edema, retinal vasculitis,
and satellite lesions (Figs. 9.8 and 9.9). Atypical presentations of CSD on FA
include retinal non-perfusion due to occlusive vasculitis [90]. Optic neuritis mani-
fests as optic disk hyperfluorescence, which may be rarely associated with optic
nerve neovascularization [91]. Serous retinal detachment may result in extensive
pooling of the dye in the posterior pole or in the peripapillary region.

ICGA features of CSD include diffuse choroidal leakage and hypofluorescence in
the region corresponding to the subretinal granulomas. However, the leakage observed
on ICGA is typically lesser in amount compared to FA [88]. In addition, patients with
optic neuritis may show hyperfluorescence of the optic nerve head on ICGA.

9.5.3.3 Optical Coherence Tomography

OCT is a useful imaging modality in the management of patients with CSD that
helps in the characterization of retinitis lesions and detection of subretinal/choroidal
neovascularization [92]. Serous retinal detachment or intraretinal fluid accumula-
tion leading to macular edema can be seen on macular OCT. [93] Chorioretinal
lesions of CSD appear as hyper-reflective deposits in the inner retinal layers with
shadowing on the posterior retinal layers and the choroid (Fig. 9.10). Such changes
are known to progressively diminish with antibiotic therapy [94].

Fig. 9.9 Montage view of
fluorescein angiography of
a patient with cat scratch
disease shows presence of
significant peripheral
vascular leakage suggestive
of active vasculitis
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Fig. 9.10 Enhanced-depth imaging optical coherence tomography (EDI-OCT) of a patient with
cat scratch disease shows presence of vitreous inflammation, full-thickness retinal involvement
(square bracket), subretinal hyper-reflective material suggestive of choroidal neovascularization
(vellow arrow), and subretinal fluid (dashed circle)

9.5.4 Treatment of Cat Scratch Disease

Treatment of CSD consists of systemic antibiotics. Concomitant corticosteroids
(topical or oral prednisone) may be used for ocular CSD in the presence of severe
inflammatory reaction. Antibiotics commonly employed in CSD include azithromy-
cin, trimethoprim-sulfamethoxazole, ciprofloxacin, gentamicin, and rifampin [95].
Recommended therapy consists of azithromycin for patients with moderate to
severe disease. For immunocompetent patients with mild to moderate disease, no
antibiotic treatment may have a higher benefit-to-risk ratio. Among patients with
severe disease, or immunocompromised status, combination of intravenous or oral
doxycycline (100 mg twice daily) and rifampin (300 mg twice daily) may be used
[96]. However, a recent report suggests that antibiotic therapy may not significantly
affect the cure rate or the time to achieve cure among patients with CSD [95].

9.6 Future Directions

In the past decade, a number of advances have been made in the field of retinal and
choroidal imaging. There has been an increasing trend toward the development of
noninvasive and ultrahigh-speed imaging tools that can provide novel information
about various uveitic entities. Systemic infections such as tuberculosis and syphilis
commonly involve the choroid, which is often difficult to image using conventional
modalities. Thus far, [CGA was the only tool to assess involvement of choroid and
deeper structures. However, introduction of EDI-OCT, and more recently the swept-
source OCT, is likely to greatly supplement conventional dye-based techniques such
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as ICGA in the evaluation of such clinical entities. The novel technology of OCTA
also appears to be very useful in the management of intraocular tuberculosis. With
the help of next-generation imaging technologies and availability of advanced
image analysis software in the future, it is hoped that fast, noninvasive office proce-
dures would provide detailed information regarding the pathology of ocular involve-
ment in systemic infections.

Key Learning Points

* Systemic infectious diseases such as tuberculosis, syphilis, and cat scratch dis-
ease can have protean ophthalmic features that may lead to diagnostic challenges.

e Ancillary imaging tools such as fluorescein angiography, indocyanine green
angiography, and optical coherence tomography, among others, are indispens-
able tools in the complete evaluation of patients with uveitis in order to establish
accurate diagnosis and assess severity of the disease.

e Serial imaging using these techniques may enable precise assessment of response
to therapy. This can be achieved noninvasively using modern techniques such as
optical coherence tomography.

e With the development of advanced imaging technology such as swept-source
optical coherence tomography and optical coherence tomography angiography,
newer insights into the pathophysiology of diseases such as tuberculosis have
been highlighted in literature.

¢ Further research in the field of retinal and choroidal imaging is likely to improve
our understanding of the natural history of systemic infectious diseases that
affect various ocular structures.
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Abstract

The eye like any other organ in the body can harbor tumors of different types. Given
the diverse anatomy of the eye, each distinct structure within the eye can be the site
for primary tumors; that is, those tumors arising from the native tissue or metastatic
tumors: those that arise from a distant site in the body. With reference to the eye and
adnexa, metastatic tumors have been documented in the orbit, the extraocular mus-
cles, conjunctiva, subconjunctival tissue, iris, and the retina with the most common
site being the choroid [1]. This chapter presents in detail the clinical presentation,

diagnosis, imaging findings, and treatment of retinal and choroidal metastases.
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10.1 Epidemiology
10.1.1 Choroidal Metastases

Once considered a rare manifestation of systemic pathology, ocular metastatic
lesions have for several decades been appreciated to be more prevalent than initially
thought. The choroid is the most common site of metastatic lesions to the eye, and
it is theorized that the highly perfused choroid vasculature is a source of hematog-
enous dissemination of tumors. In addition, the venous oxygen concentration of the
choroid is only a few percent lower than that of pre-capillary arterioles, making the
choroid particularly hospitable to metastatic lesion growth [1]. One large-scale
study of known uveal metastases showed that the choroid was the site of metastases
in 88% of the cases [2]. The majority of choroidal metastases are carcinomas, with
metastatic melanomas and sarcomas being far less common [3].

It is difficult to accurately estimate the true incidence of choroidal metastases:
asymptomatic cases may not always be detected and also the treatment of dissemi-
nated systemic metastases to vital organs may take precedence over ophthalmic
complaints in advanced cases. The reported incidence of choroidal metastases has
been estimated in several studies that examined large pools of patients with known
systemic cancer. These reports taken together posit an incidence of choroidal metas-
tasis between 2% and 12.6% [4—-8]. Within this variation, these studies have estab-
lished reliable trends in the most common primary sites of choroidal metastasis. For
women, by far the most frequent primary cancer is of the breast (40-47%). In male
patients, lung cancer (21-29%) is the most common primary malignancy resulting
in choroidal metastasis. These top two causes of choroidal metastasis are followed
by gastrointestinal (3—6%), renal (1-4%), and dermatologic (2-4%) malignancies
[2, 9-11]. In three-fourths of metastatic ocular lesions, involvement was unilateral
[12]. There is evidence to suggest that choroidal metastases from the breast are
more likely to be multifocal and bilateral while lesions stemming from primary lung
cancers were more frequently unifocal and unilateral [2, 10].

10.1.2 Retinal Metastases

Isolated retinal metastases are extremely uncommon and because of the infrequency
of their occurrence, the incidence of retinal metastases is difficult to ascertain.
Large-scale studies of ocular metastases have demonstrated retinal metastases to
constitute less than 1% of all metastases to the eye [2]. As such, the study of retinal
metastases has largely been the subject matter of case reports. It is believed that
lesions travel to the eye by way of the internal carotid artery. Retinal metastases
arise from cutaneous malignant melanomas and systemic carcinomas (including
lung, breast, and gastrointestinal tissues) [13—16].

Due to the rare occurrence of ocular metastatic disease in general, it is critical
to rule these lesions out when evaluating intraocular tumors. Using a wide vari-
ety of ophthalmic imaging techniques in conjunction with each other, it is pos-
sible to differentiate choroidal and retinal metastatic disease from primary ocular
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cancers. This approach gives ophthalmologists and oncologists the ability to pro-
vide their patients with quick and accurate diagnosis and the greatest chance for
remission.

10.2 Fundoscopic iImaging

10.2.1 Choroidal Metastases

Of all the ocular structures, the choroid is the most commonly affected by metastases
[2]. There exists significant variability in the appearance of metastatic lesions of the
eye, depending on the location of the tumor [2]. However, there is a significant consis-
tency of appearance in metastatic lesions to the choroid in particular. Multiple studies
have demonstrated converging evidence for a classically appearing choroidal meta-
static lesion: a yellow/orange subretinal mass, (98% of cases) (Figs. 10.1 and 10.2) in

Fig. 10.1 (a) Color fundus photograph of a 78-year-old male with biopsy-proven adenocarci-
noma of the lung showing yellowish subretinal deposits. Note the retinal vessels passing over the
lesion indicating that the lesions are sub-retinal, i.e. choroidal in location. (b) Ultrasound B-scan
showing acoustically solid thickening of choroid (White arrows) suggestive of choroidal metasta-
ses. (¢) Fluorescein angiogram demonstrating the classical pinpoint leakage at the tumor border.
The larger choroidal tumor is seen superior to the macula. Note the dilation of retinal capillaries at
the edge of the lesion. (d) Enhanced depth optical coherence tomography image of the choroidal
metastases. Note the irregular, undulating configuration of the choroidal lesion referred to as
“lumpy-bumpy” appearance. Also note the adjacent subretinal fluid accumulation
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Fig. 10.2 A 57-year-old male with a history of lung adenocarcinoma with bilateral choroidal
metastasis (A1) Color fundus photographs showing creamy yellow mass temporal to fovea in the
right eye and (A2) in the macular region in the left eye (B1, B2) Fundus autofluorescence delineat-
ing the mass with hyper autofluorescence of the overlying lipofuscin pigment (C1, C2) Fluorescein
angiography revealing hypoautofluorescence of the mass with overlying areas of staining and leak-
age (D1, D2) Enhanced depth imaging optical coherence tomography revealing lumpy bumpy
appearance of anterior tumor surface



10 Imaging of Retinal and Choroidal Metastases 157

a plateau (61-77%) or dome configuration (23-38%) with accompanying subretinal
fluid collection (64—85%) [2, 12, 17]. The average dimensions of choroidal metastatic
lesions are measured to be a mean of 9 mm in basal diameter and 3 mm in thickness.
The majority of the choroidal metastases were in the radial anatomical location
between the macula and the equator (80%), with remaining lesions in the macula
(12%) and in the radial space between the equator and the ora serrata (8%) [2].

10.2.2 Retinal Metastases

Because of the scarcity of documented metastatic disease of the retina, what is
known of the fundoscopic appearance of these lesions has come from the accumu-
lated case reports on this pathology. Difficulty in diagnosing retinal metastases
comes from the fact that these lesions mimic retinitis in appearance. They are so
rare that they are almost always originally misdiagnosed at first as inflammatory or
infectious retinitis, or simply as a primary intraocular tumor [13]. There is some
consensus that retinal lesions originating from primary carcinomas have a yellow-
white appearance with perivascular infiltration [13, 18]. Associated changes that
arise secondary to metastasis can include retinal hemorrhage, ischemia and even
exudative detachment [13].

10.3 Ultrasonography

Ultrasound (B-scan) imaging has served an important role in intraocular imaging since
its initial use in 1956 [19]. It gives practitioners a unique ability to visualize posterior
structures in the eye in the presence of anterior opacities. There are specific ultrasono-
graphic characteristics that can help to differentiate choroidal metastases from other
tumors of the choroid, specifically choroidal melanoma. These differences are due to
the patterns of growth that each of these lesions displays. While melanomas originate
in a small area of choroid, grow outward toward and through Bruch’s membrane, and
assume a nodular, “mushroom-like” shape, metastases penetrate and diffusely replace
a larger segment of the choroid. This results in a significantly lower height-to-base ratio
observed in metastases (Fig. 10.1) as opposed to melanomas [20]. Because of the lack
of detail in the layers of the retina, it is difficult to distinguish the exact location of the
tumor whether the metastasis is in the choroid or superficial retina.

10.4 Optical Coherence Tomography (OCT)

10.4.1 Choroidal Metastases

Since its transition to a mainstay of ophthalmologic examination, OCT has given
insight into the physiological details of conditions that are beyond the scope of
external and funduscopic visualization. Though it is possible to diagnose choroidal
and retinal metastases from history and funduscopic exam alone, OCT has given
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practitioners insight into qualities that separate metastases from other benign and
malignant ocular lesions. Additionally, it has allowed for earlier diagnosis of meta-
static lesions that may be too subtle for detection by conventional ultrasonography
[21]. Though these tumors are often small and located parafoveally, the ability to
evaluate choroidal metastases using OCT may be limited in the case of larger, more
peripherally located tumors [22].

Early studies using time-domain OCT (TD-OCT) described thickening of the
RPE and an undulating surface with clinically evident, overlying subretinal fluid,
but failed to elaborate on characteristics of the tumor itself [23]. Studies since have
used enhanced depth OCT (ED-OCT) imaging to evaluate the deeper layers of cho-
roidal metastases. Choroidal metastases can be differentiated on OCT imaging by a
“lumpy-bumpy” [22, 24, 25] appearance to their surface. In contrast, nevi and mela-
nomas are usually described as having a “smooth, dome shaped topography” [22].
Metastatic choroidal lesions demonstrate compression and thinning of the chorio-
capillaris, a trait shared with choroidal nevi and melanoma, but which can help
distinguish these lesions from choroidal hemangiomas [22, 24-27]. Subretinal lipo-
fuscin deposition (in addition to subretinal fluid) and intraretinal edema were also
common findings [22, 24-27]. Abnormalities of the RPE and the ellipsoid portion
of photoreceptors have also been described, as well as “shaggy photoreceptors” and
speckles within the previously established subretinal fluid (Figs. 10.1 and 10.2) [22,
26, 27]. The photoreceptor layer may also be anteriorly displaced [23]. Perhaps
most importantly, OCT may be used to follow patients as they improve with treat-
ment for their metastases. This includes resolution of subretinal fluid, restoration of
choriocapillaris thickness, and smoothing of the photoreceptors [24].

10.4.2 Retinal Metastases

Though literature describing retinal metastases is few and far between, OCT has
been used in rare cases to evaluate the fine characteristics of these tumors. Vertical
OCT imaging of the lesion reveals “an inner retinal mass with outer retinal com-
pression and contiguous edema.” [18] Horizontal OCT imaging of the macula
revealed exudative densities in the outer retina. The macula itself was spared in
these lesions, but the presence of drusen was observed [18].

10.5 Fundus Fluorescein Angiography (FFA)
10.5.1 Choroidal Metastases

Intravenous FFA is the gold standard for evaluating retinal vasculature and plays a
specific role in distinguishing choroidal metastases from choroidal melanoma. FFA
of choroidal metastases demonstrates dilation of retinal capillaries with “pinpoint
leakage at the tumor border,” a trait less commonly seen in melanoma (Figs. 10.1
and 10.2) [28, 29]. Additionally, FFA demonstrates a hypoflurorescent arterial phase
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pattern with hyperfluorescence observed much later in the venous phase in metasta-
ses compared to melanoma [24, 28, 29]. This hyperfluorescence may vary from
small irregular areas to bright, intrinsic vascularity seen in larger metastases [28].
The pinpoint leakages seen surrounding metastases on FA imaging holds an impor-
tant role in differentiating metastatic lesions from primary melanomas as well.
While a majority of choroidal metastases display this pattern of fluorescence, this
observation is far less common in choroidal melanomas [28].

10.5.2 Retinal Metastases

FA imaging of retinal metastases reveals intrinsic vascularity and hemorrhage,
resulting in hyperfluorescence [18].

10.6 Optical Coherence Tomography Angiography (OCTA)

Optical coherence tomography angiography is a novel imaging technique that uti-
lizes the movement within vasculature in order to construct an angiogram of the
retina. It has already been used to demonstrate choroidal neovascularization in age-
related macular degeneration [30], as well as the vascular changes seen within the
retina in diabetic retinopathy [31]. Though no research exists yet, examining the
role that OCTA could play in diagnosing choroidal and retinal metastases, this will
be an interesting area to explore given the changes in blood flow that occur in these
tumors, as demonstrated by FFA.

10.7 Fundus Autofluorescence (FAF)

The technique of fundus autofluorescence (FAF) imaging relies on changes that
occur within the RPE within a disease process. Choroidal metastases accumulate
subretinal fluid as well as lipofuscin within the RPE leading to hyperfluorescent
areas with hypofluorescent borders where there is RPE thickening [32-35]. These
areas are not consistent throughout each lesion and there are varying direct cor-
relations between the presence of both focal hyperpigmentation and subretinal
fluid and the FAF patterns seen in these lesions [33, 34]. FAF patterns of choroidal
metastases also show changes at their borders as these tumors grow [33].

Conclusion

Retinal and choroidal imaging plays a key role in the diagnosis of ocular dis-
eases. Due to advances in different modes of imaging systems that highlight
different facets of the disease process, clinicians can now take advantage of a
combination of these imaging techniques that work together to ensure confi-
dence in the diagnosis of choroidal and retinal metastases and allow patients to
receive immediate and appropriate treatment, increasing overall survival.
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Abstract

Phakomatoses, also known as oculo-neuro-cutaneous syndromes, are multisystem
disorders affecting the eye with varied manifestations. They are primarily either
choristomas or hamartomas. Retinal astrocytoma primary or acquired is an ocular
manifestation of tuberous sclerosis while neurofibromatosis 1 may manifest in a
very diverse manner ranging from lid neurofibromas, iris nodules, choroidal naevi,
astrocytomas and optic nerve gliomas. Neurofibromatosis 2 usually manifests as a
combined hamartoma of the retina and retinal pigment epithelium along with an
epiretinal membrane (ERM). Sturge—Weber syndrome manifests with choroidal
haemangiomas and glaucoma. Racemose cavernous haemangioma, retinal capil-
lary haemangioma are other types of vascular pathologies seen as a part of phako-
matosis while the choroidal melanoma is a serious manifestation seen as a part of
oculodermal melanocytosis. In this chapter we describe the findings and features
of phakomatoses using imaging techniques like fundus fluorescein angiography
(FFA), indocyanine angiography (ICG), fundus photography, spectral domain opti-
cal coherence tomography (OCT), wide field imaging, fundus autofluorescence
and the newer techniques such as OCT-angiography and adaptive optics.
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Phakomatoses are basically a group of different syndrome complexes which are
characterized by systemic hamartomas of different organs like eye, the brain, skin
and sometimes also involve the bones and viscera [1-4]. Oculo-neuro-cutaneous
syndrome is another name given to them because of the multiple system involve-
ment in phakomatoses.

Van der Hoeve was the first person to use the term “Phakoma” in the year 1932
when he described a mother spot or birthmark in many such conditions [4].
Consequently several other entities like von Hippel-Lindau syndrome (retinal and
cerebellar haemangiomatosis), Bourneville’s syndrome (tuberous sclerosis), von
Recklinghausen syndrome (neurofibromatosis), Sturge—Weber syndrome (enceph-
alofacial haemangiomatosis), Wyburn-Mason syndrome (racemose angiomato-
sis), organoid naevus syndrome, oculocutaneous melanocytosis and cavernous
haemangioma of the retina with coetaneous and central nervous system involve-
ment have been categorized as well alongside these oculo-neuro-cutaneous
syndromes.

Since most of these syndromes feature choristomas and hamartomas, we need to
understand these two important terminologies. To simply put it a “Choristoma” is a
tumour composed of normal elements in abnormal location whereas a “‘Hamartoma”
is a tumour of normal elements in normal locations. Most of the phakomatosis are
either hamartomas or choristomas.

11.1 Tuberous Sclerosis Complex

Also known as the Bourneville’s syndrome, TSC is characterized by the presence of
retinal astrocytic hamartomas, the so-called ashleaf macules (cutaneous depig-
mented lesions) or adenoma sebaceum and astrocytomas in the central nervous sys-
tem. Other associations are tumours like cardiac rhabdomyoma and renal
angiomyolipoma [5-13]. The classical manifestation is a triad of adenoma seba-
ceum, mental deficiency and seizures.

At times retinal tumour is the only manifestation of TSC. It is still unknown
whether these tumours represent a separate entity or are a forme fruste lesion of the
classical entity or simply a partial expression of TSC. Occasionally patients with
neurofibromatosis 1 may show an identical tumour of the fundus.

TSC occurs with an incidence of about 1:10,000 population [9]. TSC has been
identified in all races. There is no gender predilection identified. TSC appears to be
transmitted in an autosomal dominant way with incomplete penetrance. Chromosome
9q34 and chromosome 16p13 are found to be linked with TSC [5].

Retinal Lesions

The characteristic retinal lesion of TSC is the retinal astrocytic hamartoma
(Figs. 11.1 and 11.2) [5-7]. The variations are a non-calcified tumour, the calcified
tumour or, more commonly, a combination of the two. A small non-calcified tumour
may only appear as an ill-defined translucent thickening of the retinal nerve fibre
layer whereas the larger tumours are more opaque and appear as sessile lesions at
the level of the nerve fibre layer. The calcified variant shows the characteristic
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Fig.11.1 A 10-year-old
Caucasian female
presented with seizures at
10 months of age. She was
diagnosed with tuberous
sclerosis based upon her
history of seizures and the
presence of ashleaf spots,
adenoma sebaceum,
angiomyolipomas and
subependymal nodules.
Genetic testing was
positive for TSC2. Ocular
examination of the left eye
demonstrated a subtle,
“gelatinous” appearing
astrocytic hamartoma
along the superotemporal
arcade. (Image courtesy of
Mary Beth Aronow, MD)

Fig. 11.2 A 23-year-old
African American female
with positive genetic
testing for TSC had typical
features including
adenoma sebaceum,
subependymal nodules,
ashleaf spots and history of
seizures. Dilated fundus
examination revealed a flat,
achromic patch along the
superotemporal arcade of
the right eye. (Image
courtesy of Mary Beth
Aronow, MD)

yellow, refractile structures resembling fish eggs or tapioca. The hamartoma is usu-
ally a small and stable innocuous lesion. However, occasionally it can cause retinal
traction or vitreous haemorrhage. The rare aggressive variant can show progression
to exudative detachment with or without neovascular glaucoma, and at times may
need enucleation. Extraocular extension into the orbital and epibulbar tissues has
been recognized in these cases [13].
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Fundus Autofluorescence Retinal astrocytic hamartoma, particularly the calcified
variant, usually shows autofluorescence.

Fundus Fluorescein Angiography FFA is an ancillary aid in the diagnosis of tuber-
ous sclerosis retinal astrocytic hamartoma. The tumour is relatively hypo fluores-
cent in the arterial phase. Venous phase reveals a network of fine blood vessels.
These vessels leak in the late phase during re-circulation and cause staining of the
mass (Fig. 11.3).

Ultrasonography Ultrasonography is useful in large retinal astrocytic hamartomas.
On A- and B-scan ultrasonography, the mass is seen as a sessile or dome-shaped
lesion with acoustic solidity. The presence of calcification within the substance
causes orbital shadow artefacts [5] (Fig. 11.3).

Optical Coherence Tomography Time domain OCT features of retinal astrocytic
hamartoma were first published by Shields et al. [14] in 2006 and they found tumour
involvement of the inner portion of the retina without identification of a specific

Fig. 11.3 Case of retinal astrocytoma: Fundus photograph (a) shows yellowish refracticle lesion.
Fundus fluorescein angiography (b) shows network of blood vessels. Ultrasonography (c¢) shows
hyperechoic lesion. Spectral domain optical coherence tomography (d) shows optical empty
spaces with shadowing
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layer because of lower TD OCT resolution. They also noted classic clear, so-called
moth-eaten areas (or optically empty spaces [OESs]) which were attributed to intra-
lesional calcification or cavitations that occasionally may be missed clinically. Pichi
et al. [15] used spectral domain (SD) OCT in 43 patients with TSC which revealed
more details about the intrinsic tumour features and led to a proposed classification
based on SDOCT findings of tumour size, retinal traction and intralesional OESs.

Shields et al. [16] recently noted that the tumours were observed to originate
from the inner retina, specifically the nerve fibre layer. All tumours show inward
bowing and some degree of outward bowing with compression of the ganglion cell
layer and the middle and the outer retinal layers, depending on tumour size. It was
also found that in eyes with minimal posterior shadowing on SDOCT; the underly-
ing choroid was unremarkable compared with the adjacent area. They noticed that
macular tumours had a greater number of OESs compared with extramacular
tumours (P = 0.032), but the OESs did not differ significantly in size (P = 0.824),
whereas calcified tumours had larger OESs compared with non-calcified tumours
(P = 0.009) but showed no statistically significant difference in OES number
(P =0.189). The SDOCT may also show adjacent retinal pathology like cystoid
oedema and sub-retinal fluid. Shields et al. have also reported that in calcified
tumours, the OESs likely represent intralesional calcification, whereas in the non-
calcified tumours, they speculated that an OES could represent intralesional cavita-
tion (Fig. 11.3). Veronese et al. documented the large, optically empty cavities on
OCT, justifying the term cavitary retinal astrocytoma [17]. They further noted that
the cavities evolved over time.

Pichi et al. [15] designed a classification of RAH in TSC based on SDOCT find-
ings, identifying cavitation as type I'V. Type I (flat without traction) was not associ-
ated with any systemic relationship, type II (thickness <500 mm and with traction)
showed a relationship with cutaneous fibrous plaques, type III (calcified and thick-
ness >500 mm) showed a relationship with subependymal astrocytoma and type IV
(cavitary and thickness >500 mm) showed a relationship with pulmonary lymphan-
giomyomatosis [15].

11.1.1 Acquired Retinal Astrocytoma

Retinal astrocytic hamartoma is the commonest of the true glial tumours of the sen-
sory retina and in most instances it is associated with other signs of TSC. The typi-
cal case that is unassociated with clinically evident TSC may represent a forme
fruste of tuberous sclerosis in which only the ocular features are manifest.
Occasionally, the retina can develop an acquired astrocytoma in somewhat older
individuals without family history or clinical manifestations of TSC [18-22].
“Acquired retinal astrocytoma” was a term coined by Shields and Shields for such
lesions, as opposed to the congenital astrocytic hamartoma of TSC [18]. It is typi-
cally yellow with abundant intrinsic vascularity which is best visualized with fluo-
rescein angiography. Unlike the typical congenital astrocytic hamartoma, it
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generally lacks clinically evident calcification, is more likely to exhibit slowly pro-
gressive growth and is not associated with TSC. Intraretinal exudation and second-
ary retinal detachment are common as the tumour enlarges [18-22].

11.1.2 Fundus Fluorescein Angiography

Fluorescein angiography characteristically shows small, well-defined fine tumour
blood vessels in the vascular filling phases with diffuse staining in late phase.
Retinal feeder vessels can be apparent, but unlike in retinoblastoma and retinal hae-
mangioblastoma they are not dilated or tortuous.

11.1.3 Ultrasonography

Ultrasonography usually discloses a non-calcified retinal mass with high internal
reflectivity [18].

11.1.4 Infrared Imaging

Infrared imaging enhances visualization of the more minute lesions because it has a
higher contrast in comparison to the background retina [23].

11.2 Neurofibromatosis

Neurofibromatosis is also known as oculo-neuro-cutaneous syndrome and involves
multiple organ systems [24, 25]. It has an autosomal dominant inheritance and
about 80% penetrance. Approximately half of the patients develop the lesions ini-
tially as spontaneous mutations and are without family history.

Neurofibromatosis is of two types: Type 1 and 2. Von Recklinghausen syndrome
or the type 1 is also called as peripheral neurofibromatosis. Central neurofibromato-
sis is called as type 2 and presents as bilateral acoustic neurofibromatosis.

11.2.1 Neurofibromatosis 1

Neurofibromatosis type 1 has an incidence of 1:3000 persons. The frequency might
actually be higher as some individuals will show only mild features and are thus
undiagnosed. Decreased production of neurofibromin, a protein with tumour sup-
pressor function, as a result of an autosomal dominant mutation in the NF1 gene has
been found to be its cause. Deletion of even only one is sufficient to make it mani-
fest. Out of seven prescribed diagnostic criteria for the diagnosis of NF1, two are
ocular features, namely iris nodules also known as Lisch nodules and the second is
the presence of optic nerve glioma.
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11.2.2 Ophthalmologic Features

Amongst the different phakomatoses, NF has the most variegated manifestations
(Fig. 11.4) [26-33]. This condition can involve various structures like eyelid, con-
junctiva, aqueous outflow channels, uveal tract, retina, orbit and optic nerve. The lid
involvement can be either nodular or plexiform. A diffuse thickening of the eyelid
with a typical S-shaped curve of the eyelid is highly characteristic and suggestive of
plexiform neurofibroma.

Fig. 11.4 A 3l-year-old Caucasian male was diagnosed with NF1 based upon clinical criteria
(multiple neurofibromas, cafe au lait spots and family history in multiple first degree relatives).
Ophthalmic examination demonstrated typical ophthalmic features including Lisch nodules (a), an
inferiorly located congenital hypertrophy of the RPE which has a possible association with NF1
(b) and choroidal patches apparent on SDOCT SLO reference images (¢) which correspond to
hyper-reflective lesions in the choroid (d) and have been associated with NF1. (Images courtesy of
Mary Beth Aronow, MD). *Note, this OCT finding is not apparent on clinical examination and has
been described in association with NF1 (Ishiko, BJO 2006, 90(8):1067—-1068 and Kitaya, BJO
2002; 86:482—483)
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Fig. 11.5 A case of neurofibromatosis 1 shows S-shaped lids (a) with multiple bilateral choroidal
naevi (b—d)

There is an increased incidence of congenital glaucoma in these patients and it
may be secondary to several mechanisms [26]. Glioma of the optic nerve is highly
associated with NF1 [28]. Multiple Lisch nodules (iris hamartomas) are the most
common uveal and ophthalmic abnormality of NF1.

The choroidal involvement usually is in the form of an isolated choroidal naevus
or multifocal choroidal naevi. Other manifestations in the choroid are in the form of
a diffuse plexiform neurofibroma, neurilemmoma or sometimes a melanoma. The
presence of multiple and bilateral choroidal naevi should raise the suspicion of neu-
rofibromatosis type 1 (Fig. 11.5). The lesions appear as small, ill-defined naevi
which have a random distribution. Choroidal neurofibroma usually presents in the
form of diffusely thickened uveal tract from an increased number of neurofibroma-
tous or melanocytic elements. Schwannoma also known as choroidal neurilem-
moma, on the other hand, is rare and presents in the form of an elevated and
circumscribed, amelanotic tumour [30]. The incidence of uveal melanoma is higher
in patients with NF according to some studies [31, 32]. Retinal astrocytic hamar-
toma is more commonly seen in patients with TSC. However, patients with NF may
also show the presence of retinal astrocytic hamartomas. Vasoproliferative retinal
tumours may occur and if exudative in nature, the subsequent retinopathy may lead
to blindness [33].
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11.2.3 Infrared Imaging

Infrared imaging using the direct confocal mode in scanning laser ophthalmoscope
(SLO) reveals patchy areas of brightness whereas indirect mode using SLO reveals
dark patches [34, 35]. Infrared light travels through the retina better than visible
spectrum thus imaging the choroid better [36]. Yasunari et al. found that when
examined with Helium-Neon light, the bright patchy lesions seen on confocal IR
imaging are choroidal in origin [34]. Yasunari et al. reported that choroidal abnor-
malities occurred in all patients (100%) as compared to plexiform neurofibroma
(29%) or the Sakurai-Lisch nodules in the iris (76%) [34].

11.2.4 Optical Coherence Tomography

The choroid is one of the most commonly affected ocular structures in NFI.
Infrared-fundus auto fluorescence (IR-FAF) is a common tool to identify choroidal
pathologies like nodules in patients suffering from NF1 [37-41]. Despite normal
routine ophthalmic examination, IR-FAF might reveal multiple patchy, bright cho-
roidal lesions. Viola et al. found that 7% of normal individuals may show the pres-
ence of choroidal nodules when imaged with IR-FAF. This same number increased
to 82% in their study on patients with NF1 [42]. Maximum accuracy was found with
a cut-off value of 1.5 in their study on choroidal nodules. Ishiko et al. found that a
collection and proliferation of neural crest-derived melanocytes and neural cells
within the choroid of patients with NF1 causes an apparent thickening of the poste-
rior fundus [38].

OCT reveals irregular hyper reflectivity which co-localizes with the choroidal
lesions. Similar abnormalities were described on OCT by other investigators as well
[40—42]. Makino and Tampo identified hypo reflective foci and speculated the long-
standing nature of the nodules could result in focal atrophy of choriocapillaris
thereby causing the hypo reflectivity seen on OCT images of the choroid [43]. The
presence of normal integrity of the outer retinal structures seems to suggest that the
changes are localized to the choroid alone and do not affect the retina. To summa-
rize, patients with NF1 may have typical choroidal lesions visible on IR-FAF. OCT
images help in confirming the extent and location of choroidal involvement. The
quantum of choroidal involvement is likely to vary among patients and it increases
with age [38].

11.2.5 Near-Infrared Fundus Autofluorescence

Bright and multiple patchy areas have been noted in all of the eyes examined by
near-infrared monochromatic light reflectance (NIR-R) using a scanning laser oph-
thalmoscope [34]. Thus, NIR-R has become a commonly used tool to detect choroi-
dal nodules in patients with NF1. One of the commonest ocular structures involved
in NF1 is the choroid [34, 38, 42]. Melanosomes in the retinal pigment epithelium
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(RPE) and the choroid have been located as the source for near-infrared autofluores-
cence (NIR-AF) [44]. NIR-AF also visualizes the melanin in age-related macular
degeneration and some other retinal diseases [45, 46].

Tomoko Ueda-Consolvo et al. [41] noticed irregular hyper-reflective foci in the
choroid on OCT which was found to coincide with the bright and patchy areas seen
on NIR-R. However, they also notices some hypo reflective foci in the choroid on
OCT scans in the same region which were found to be bright and patchy with NIR-R
in a patient. The locations of the hypo fluorescent regions revealed on ICGA were
found to correspond with those of the bright patchy regions revealed by NIR-R and
NIR-AF. Focal choriocapillary atrophy as a result of the long-standing nature of the
choroidal nodules is speculated to be the cause of hypocyanescence on ICGA. Similar
to other studies they noted the presence of normal integrity of the outer retinal struc-
tures thereby suggesting that the changes are localized to the choroid alone and do
not affect the retina.

11.2.6 Indo Cyanine Green Angiography

Fluorescein angiography shows areas of irregular and transmitted hyper fluores-
cence due to retinal pigmented epithelium (RPE) alterations. FA is, however, unable
to identify any underlying choroidal pathologies. ICGA, on the other hand, shows
diffuse hypo fluorescence which is unrelated to the lesion observed on clinical fun-
dus examination or on FA. Deep choroidal vessels are seen in all phases of
ICGA. The presence of this diffuse hypo fluorescence is believed to be due to the
diffuse scattering effect of the neurofibromatous tissue. Byun et al. in their study
using ICGA demonstrated multiple hypo fluorescent areas which persist till the late
phase. They thought that these choroidal neurofibromas were not causing any over-
lying RPE abnormalities [47].

Retinal microvascular abnormalities in the form of corkscrew shaped vessels
have also been demonstrated using FFA in NF1 patients [48].

11.2.7 Enhanced Depth Imaging Spectral Domain Optical
Coherence Tomography

Rao et al. [49] studied choroidal neurofibromatosis using EDI-SDOCT and imag-
ing through the NIR lesions revealed the presence of hyper-reflective choroidal
nodules. The nodules were found to abut the overlying choroid and choriocapil-
laris with an associated loss of choroidal lucency. This was suggestive of compro-
mise of the choroidal vasculature by compression. Despite the possible
compression on the choroidal vasculature, no overlying retinal abnormalities were
observed. Even they felt that in the presence of patchy NIR changes and corre-
sponding ICG hypo fluorescence along with lack or reduced retinal findings on
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dilated examination, FA, FAF and red-free imaging are sensitive and specific
modalities for diagnosing choroidal neurofibromatosis [49].

11.2.7.1 Neurofibromatosis Type 2

General Considerations

Central neurofibromatosis or the type 2 (NF2) is a multisystem disorder as well but
has prominent features involving the central nervous system in the form of tumours
like bilateral acoustic neuromas (vestibular schwannomas), schwannomas of the
spinal cord, gliomas, meningiomas and a juvenile posterior subcapsular cataract
(PSC). The constellation of multiple inherited schwannomas meningiomas and
ependymomas is referred to as MISME syndrome [50]. Skin involvement is less
common in NF2.

Ophthalmologic Features

NF2 has three important eye manifestations. Juvenile PSC, combined hamartoma of
the retina and retinal pigment epithelium (CHRRPE), and epiretinal membranes
(ERM) are these important features. Juvenile PSC (<50 years) is a criterion for
diagnosis. Eighty percent of patients with advanced features of NF2 have been
found to have an ERM [51]. CHRRPE lesions lead to prominent retinal and macular
dragging with resultant corkscrew type retinal vessels. The hamartoma has a gray—
green appearance and may lead to tumour formation [52, 53].

11.2.8 SDOCT of CHRRPE

Juvenile PSC, CHRRPE, ERM, optic nerve meningioma, optic disc glioma, intra-
ocular schwannoma and neurotrophic keratopathy are the ocular manifestations in
NF2 [54-59]. SDOCT in CHRRPE in patients with NF 2 reveals a hyper-reflective
ERM with traction and retinal folds [60]. The inner layers of the underlying retina
were found to be irregularly thickened, but outer photoreceptor layers were not
grossly affected (Fig. 11.6).

Fig. 11.6 A case of neurofibromatosis 2 shows a typical combined hamartoma of the retinal and
retinal pigment epithelium on colour fundus photograph (a). Fluorescein angiography (b) shows
tortuosity of the vessels and extent of the lesion. Spectral domain optical coherence tomography
(c) shows hyper-reflective inner retina with few cystic spaces
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11.2.9 Fundus Fluorescein Angiography

FFA shows tortuosity of the vessels and localized pinpoint leakages with late retinal
vascular leakage. These findings correspond to the location of the lesion.

11.3 Sturge-Weber Syndrome (Encephalofacial
Haemangiomatosis)

The Sturge—Weber (SW) syndrome is a syndrome complex characterized by the
presence of congenital hamartomas in the eye, skin and brain which manifest at dif-
ferent times during life. Most common presentations are in childhood. The typical
haemangiomas affect the choroid, face (port wine stain) and brain. Intra-cranial
calcification is also noted [61-65].

The incidence is 1:50,000. Retinal vessels are tortuous and the presence of a dif-
fuse choroidal haemangioma is noted in the posterior segment. In a study on SW
syndrome 55% patients were found to have diffuse choroidal haemangioma which
is indeed the most common pathology affecting the uveal tract in patients with SW
syndrome [66, 67]. The fundus reflex seen through the pupil appears bright red in
these patients when compared with the reflex in the fellow eye, the so-called the
tomato catsup fundus.

11.3.1 Colour Fundus Photography

While imaging choroidal haemangiomas, it is important to remember the method of
imaging. A scanning laser ophthalmoscope makes them look brown thereby leading
to an erroneous conclusion of the more serious choroidal melanoma. In contrast
when imaged with the panoret-1000 system, its true colour is recorded and
displayed.

11.3.2 Fundus Fluorescein Angiography

FFA in the arteriovenous phase reveals prominent hyper fluorescence in the area of
haemangioma demonstrating the tumour vessels. While the late phase shows marked
leakage (Fig. 11.7).

Shields et al. reported that the intrinsic vasculature displays hyper fluores-
cence through all the phases of the angiography [68]. Schulenburg et al. have
concluded that ICG angiography and wide-angle ICG angiography carry more
diagnostic value than FFA [69]. Strong intra-tumoural hyper fluorescence of the
vessels in arterial phase with a late phase significant washout and thus relative
hypo fluorescence compared to the neighbouring choroid was observed by
them [69].



11 Phakomatosis 175

Fig. 11.7 Fluorescein angiography (a) and indocyanine green angiography (b) of a case of cho-
roidal haemangioma show tumoural vessels. Spectral domain optical coherence tomography (c)
shows choroidal elevation with few cystic changes of the retina

11.3.3 Spectral Domain Optical Coherence Tomography

The trend now a day is to monitor the secondary effects after treatment of choroidal
haemangioma with SDOCT [70]. It is particularly useful for monitoring treatment
response, like resolution of the exudative RD or macular oedema.

Sub-retinal and intra retinal fluid, schitic changes, loss of outer retina and retinal
atrophy are some of the changes noted on OCT [71-74]. The overlying retina may be
normal as well. The RPE layer usually shows a dome-shaped uninterrupted elevation
over the haemangioma (Fig. 11.7) [72, 74]. Chronic cases lead to sub-retinal fibrosis
and RPE alterations. CMO and sub-foveal fluid are changes which may be noted on
SDOCT at the macula [75]. EDI of circumscribed choroidal haemangiomas reveals
a low-to-medium reflective band with a homogenous signal and intrinsic spaces [76].
Posterior border of choroidal haemangiomas can be identified only if the tumour is
<0.9 mm in thickness. The haemangioma itself may, however, be identified and dis-
tinguished from the neighbouring choroidal tissue on imaging [76].

11.3.4 Fundus Autofluorescence

Choroidal haemangioma appears hypo- or isofluorescent in comparison to the sur-
rounding tissue [73]. The autofluorescence shows granularity. Overlying orange
pigmentation is strongly hyperautofluorescent, while regions with fibrosis and



176 N. Radke et al.

RPE atrophy appear hypoautofluorescent. Fresh sub-retinal fluid is hyper autofluo-
rescent. By contrast, chronic sub-retinal fluid is hypoautofluorescent [73].
Following treatment, the relative hypoautofluorescence of the haemangiomas
increases [73].

11.3.5 B Scan USG

B scan USG demonstrates scan ultrasonography and shows a diffuse, highly echoic
thickened area of choroid (Fig. 11.8) with high internal reflectivity similar to that of
the surrounding choroidal tissue. Usually a choroidal haemangioma is unilateral;
however, bilateral cases have been noted particularly in patients with bilateral facial
naevus flammeus. Exudative retinal detachment can be localized and at times total
with extensive exudation in diffuse choroidal haemangiomas. Chronic cases of such
exudative RD may lead to secondary neovascular glaucoma (Fig. 11.9).

Fig. 11.8 (a) Case of choroidal haemangioma with pigmentary changes (b) shows vasculature
changes on fluorescein angiography. Ultrasonography (¢) shows high echogenic thickening of
choroid

Fig. 11.9 A 10-year-old boy had cutaneous naevus flammeus (or port wine stain) typical of
Sturge—Weber syndrome. Fundus examination of the left eye demonstrated extensive chorioretinal
scarring in the macula and exudative retinal detachment secondary to chronic, diffuse choroidal
haemangioma (a). B-scan ultrasonography demonstrated diffuse choroidal thickening (b). SDOCT
revealed choroidal thickening with overlying intraretinal and sub-retinal fluid (¢). (Images courtesy
of Adam Wenick, MD)
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Other changes seen in fundus include congenital retinal vascular tortuosity and
retinal pigmentary alterations. Chronic exudative retinal detachment sometimes
causes a “pseudo-retinitis pigmentosa” like picture.

11.3.5.1 Management

The management of a diffuse choroidal haemangioma depends on the size and
expanse of the tumour along with the presence of any associated exudative retinal
detachment. A minimally elevated tumour with no SRF can be observed. The neces-
sary hyperopic refractive correction can be prescribed. Tumours with SRF or thicker
lesions need PDT or external beam radiation. Paediatric patients with the presence
of any lesion in macula or SRF need careful monitoring for amblyopia [77].

11.4 Racemose Haemangiomatosis (Wyburn-Mason
Syndrome)

Retinoencephalofacial angiomatosis is a racemose haemangioma and is also called
as the Wyburn-Mason syndrome or Bonnet-Dechaume—Blanc syndrome [78]. It is
a rare congenital condition with no heredity and consists of arterio-venous malfor-
mations (AVM) that affect the mid-brain, ipsilateral retina, visual pathways and
facial structures. Usually it is symptom free. Unlike other oculo-neuro-cutaneous
syndromes, it shows minimal skin changes except for small haemangiomas. The
characteristic AVM can be either subtle asymptomatic lesions or at times are more
extensive forming tumour-like vascular masses, often referred to as racemose or
cirsoid haemangiomas (Fig. 11.10). Racemose haemangioma may affect the retina,

Fig.11.10 A 13-year-old Caucasian female presented with unilateral dilated tortuous vessels and
retinal arteriovenous malformation (a). Fluorescein angiography demonstrated rapid arteriovenous
transit of blood through the anomalous anastomoses in the right eye (b). (Images courtesy of Adam
Wenick, MD)
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orbit or adjacent structures. However, the characteristic eye lesion is the retinal rac-
emose haemangioma. Archers classification group III type is the most unmistakable
variant characterized by an extensive complex AVM. This particular group III type
is often associated with visual loss. One or more dilated and tortuous arteries run a
variable distance from the optic nerve head (ONH) and culminate into the AVM. The
dilated and tortuous veins then head back to the ONH for drainage.

11.4.1 Fundus Fluorescein Angiography

FFA notably shows no leakage (Fig. 11.10).

BRVO and vitreous haemorrhage with subsequent associated complications may
occur which warrant treatment in the form of laser, intravitreal anti-VEGF injec-
tions or vitrectomy.

11.5 Retinal Cavernous Haemangiomatosis

There are two variants described. First is the sporadic variant which is not associ-
ated with syndrome and the second is associated with cutaneous and central nervous
system vascular malformations. This second type is a part of the phakomatoses.
Retinal cavernous haemangioma is its only ocular manifestation. Clinically, it mani-
fests in the form of a dark grape-like cluster of venous intraretinal aneurysms
located either at the ONH, macula or in the periphery [79-81]. The lesion usually
lies along the path of a vein and feeder vessels are absent. These lesions do not leak
any exudate or sub-retinal fluid. There is a risk of repetitive vitreous haemorrhages
which may be mild thereby leading to whitish fibroglial membrane proliferation on
the surface. The main complication is vitreous haemorrhage. Larger tumours may
be associated with severe fibroglial membrane formation which may cause retinal
dragging with macular ectopia.

11.5.1 Fundus Fluorescein Angiography

FFA is the most important diagnostic test. Clusters of hypo fluorescence which
persist till late phase without leakage from the aneurysms are seen. Fluorescein
accumulated in the venous aneurysms pools in the plasma component of the supe-
rior part of each vascular space, whereas the blood components sediment in the
lower portion producing the characteristic hemispheres of hyper- and hypo fluores-
cence. This typical fluorescein—blood interface in the late angiograms characterizes
the lesion complex (Fig. 11.11).

11.5.2 Optical Coherence Tomography

OCT shows lobulated, hyper-reflective masses located at the level of inner retina
and anatomically correspond to the aneurysms. Optically empty cystic spaces
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Fig. 11.11 (a) case of retinal cavernous haemangioma - Colour Montage (b) Fluorescein angiog-
raphy showing hyper- and hypo-fluorescent hemispheres (Images courtesy of SwathiKalki, MD)

may be present within these hyper-reflective masses [82, 83]. Secondary features
like epiretinal membrane may be noted with or without traction but SRF is absent.

11.6 Oculodermal Melanocytosis

Ocular or oculodermal melanocytosis is also known as congenital melanosis bulbi,
naevus fuscoceruleus ophthalmomaxillaris or naevus of Ota and it is a congenital
pigmentary condition affecting the periocular skin, sclera, uvea, orbit, palate, ear
drum and meninges [80, 81, 84-87]. Important risk predisposed is that of a mela-
noma. Uveal Melanoma is the most common site although occasionally orbit or
meninges may get involved as well [8§7-92].

11.6.1 Fundus Autofluorescence

FAF is based on the intrinsic property of certain molecules to show transient emis-
sion of light, or fluorescence, when illuminated by an external light source. In the
eye, many tissues have autofluorescence properties such as the cornea, lens and the
RPE. The main source of FAF is believed to be the fluorophore A2 E found in lipo-
fuscin. Lipofuscin accumulates and gets deposited in the retinal tissue as a result of
ageing. However, the deposits may also be noted in conditions leading to degenera-
tion of the retinal pigment epithelium like Stargardt’s dystrophy, astrocytoma, Bests
disease, etc.

FAF depicts the intrinsic characteristics of melanoma along with the changes at
the level of the RPE. It also highlights the presence of drusen and lipofuscin pig-
ment accumulation. OCT is helpful to identify the presence of any fluid accumula-
tion within the retina or at the level of neurosensory retina.



180 N. Radke et al.

Shields et al. reported that [93] choroidal melanoma showed different types of
AF. They reported hypoautofluorescence (39%), isoautofluorescence (6%) and
hyperautofluorescence (55%) in their study. The autofluorescence was found to be
more in larger, pigmented and tumours with disruption of the RPE. The autofluores-
cence pattern was granular in 92% and nongranular in 8% [93]. Near-infrared wave-
lengths (780—-820 nm) penetrate deeper into the choroid as compared to the shorter
wavelengths. These are also known to excite melanin-associated fluorophores [94].
These may have a role in future.

11.6.2 Optical Coherence Tomography

OCT shows three different types of findings, viz., serous retinal detachment, cystic
changes within the overlying retina and loss of normal retinal architecture above the
tumour.

EDI-OCT of small choroidal melanomas was studied by Shields et al. [95]. EDI-
OCT allows in vivo quantification of tumour size and cross-sectional details of the
tumour and the neighbouring choroidal tissue. On EDI, small choroidal melanomas
appear as homogeneous and optically reflective lesions located along the anterior
surface, with gradual shadowing noted more deeply. The internal characteristics of
the tumour were found to be irresolvable. Optical shadowing can be either partial or
complete. They concluded that the EDI-OCT features found more often with sig-
nificance in choroidal melanoma compared with choroidal naevus are the presence
of increased shaggy photoreceptors or structural abnormality at their level, loss of
external limiting membrane (ELM), loss of inner segment—outer segment (IS-OS)
junction, retinal oedema, irregular inner plexiform layer and irregularity of ganglion
cell layer.

11.6.3 Von Hippel Lindau (VHL) Disease

Retinal capillary angiomas or haemangioblastomas may be seen in isolation or with
the systemic association of VHL disease. VHL is a rare autosomal dominant disor-
der with a prevalence of 1:36,000 live births. It encompasses multiple benign or
malignant tumours or cysts in the tissues of the brain, spinal cord, inner ear, retina,
kidneys, pancreas, adrenal glands, epididymis and the broad ligament [96]. The reti-
nal capillary haemangioblastomas are many times the first manifestation of VHL
and can range from very small innocuous lesions to large leaky lesions resulting in
visual morbidity. Initially they appear like a subtle red or gray dot. The lesion has a
fibro-vascular component as it grows and the afferent and efferent blood vessels to
and from the lesion become enlarged and tortuous with secondary changes which
gives its characteristic nodular appearance. Secondary changes like exudative reti-
nal detachment, perilesional retinal oedema, hard exudates and macular oedema
may be noted. Fibrous component can lead to tractional detachment as well as
haemorrhage and long-standing lesions with increasing chronicity may lead to
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neovascular glaucoma. Common location is in the retinal periphery and posterior
pole lesions are rare. Spontaneous regression is rare and has been shown to occur as
well [97]. Tumours involving the posterior pole or optic nerve tend to cause vision
loss earlier and are thus identified early compared to peripheral retinal lesions which
are incidentally discovered at times.

Diagnosis The diagnosis of retinal capillary haemangioblastomas is clinical. Tests
are ancillary to monitor the disease progression or course and to plan treatment.

Fundus Photography Montage or wide-angled fundus photography is useful to
monitor the changes in the tumour. The tumour usually appears like a well-
circumscribed orange lesion usually in the periphery with feeder vessels.

Fundus Fluorescein Angiography Shows early leakage with marked hyper fluo-
rescence in early phase. This increases in late phase but may decrease at times as
well. Petalloid pooling is seen if macular oedema is concomitantly associated
(Fig. 11.12).

Optical Coherence Tomography Has no role in diagnosis of the angiomas; how-
ever, it can be helpful for diagnosis and management of macular oedema because of
the VHL. OCT features of peripapillary angiomas have been studied. Chin et al.
reported that they appear like a round masses with dense shadowing which is in
continuity of outer retina and extends into the sub-retinal space. Adjoining areas of
sub-retinal fluid may be present with macular oedema [98].

Fig. 11.12 A 23-year-old Caucasian female presented with a retinal capillary haemangioblas-
toma. A feeding arteriole and draining venule are apparent on colour fundus photography (a).
Fluorescein angiography demonstrates rapid filling confirming the vascular nature of this lesion
(b). (Images courtesy of Adam Wenick, MD)
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Ultrasonography Shows the presence of a solid retinal lesion with smooth ante-
rior edge but variable internal reflectivity. Orbital shadowing or choroidal excava-
tion is not seen.

Peripheral treatment in the form of local laser for small laser or combination of
cryotherapy and laser for larger tumours may lead to regression of the lesions. In the
process “Ablatio Fugax™ may develop; a term used to describe sudden drop in vision
due to massive exudation and macular oedema post-laser or cryotherapy. Optic
nerve lesions are difficult to treat and PDT has been tried with limited success. TRD
may need vitrectomy. Anti-VEGF agents and steroid intravitreal injections are
options worth considering along with combination of PDT but results are not always
excellent.
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Vogt-Koyanagi-Harada Disease 1 2

Hitesh Sharma, Parthopratim Dutta Majumder,
and Manabu Mochizuki

Abstract

Vogt—Koyanagi—Harada disease is rare granulomatous inflammatory disease that
affects pigmented structures, such as choroid, inner ear, meninges, hair, and skin.
Ocular involvement is characterized by bilateral, diffuse, granulomatous panuve-
itis and exudative retinal detachment. Vogt—Koyanagi—Harada disease has usu-
ally a benign course if diagnosed early and adequately treated. Imaging remains
an integral part of diagnosis of Vogt—Koyanagi—Harada disease and plays an
important role in diagnosis, quantification of inflammation, and disease
monitorization.

Vogt—Koyanagi—Harada (VKH) disease is an idiopathic bilateral chronic granulo-
matous panuveitis that may be associated with central nervous system (CNS), audi-
tory, and integumentary manifestations.

Three researchers described separately the different spectrum of this single sys-
temic inflammatory condition and hence the disease named so. Vogt [1] and
Koyanagi [2] described bilateral anterior uveitis associated with vitiligo, alopecia,
and poliosis and Harada [3] described five patients with posterior uveitis with exu-
dative retinal detachment and cerebrospinal fluid (CSF) pleocytosis.

The prevalence of VKH disease is variable among different populations. In
Japan, VKH disease represents 10.1% of all uveitis cases [4] whereas the disease

M. Mochizuki
Department of Ophthalmology and Visual Science, Tokyo Medical and Dental University
Graduate School of Medicine, Tokyo, Japan

H. Sharma ¢ P.D. Majumder (<)

Department of Uvea and Intraocular Inflammation, Sankara Nethralaya,
18, College Road, Chennai, India

e-mail: drparthopratim @ gmail.com

© Springer Nature Singapore Pte Ltd. 2018 187
J. Chhablani et al. (eds.), Retinal and Choroidal Imaging in Systemic Diseases,
https://doi.org/10.1007/978-981-10-5461-7_12


mailto:drparthopratim@gmail.com

188 H.Sharma et al.

accounts only for 2% of all uveitis cases in India [5]. VKH disease is believed to
affect people with certain genetic predispositions and pigmented races like Asians,
Hispanics, Native Americans, and Asian Indians. However, the disease is less com-
mon in blacks from sub-Saharan countries [6]. The disease usually occurs in patients
between the ages of 20 and 50 years, but any age group can be affected. Women are
affected slightly more frequently than men. The etiology of VKH disease remains
largely idiopathic. It is thought to be an autoimmune process directed against pro-
teins related to stromal choroidal melanocytes [7].

VKH disease typically consists of four distinguished consecutive phases—
prodromal, uveitic, convalescent, and chronic recurrent. The prodromal phase usu-
ally lasts 3—5 days and is characterized by neurologic and auditory manifestations,
including headaches, tinnitus, neck stiffness, and hearing loss. In this stage, cere-
brospinal fluid may reveal pleocytosis. Acute uveitis stage lasts for several weeks
and is characterized bilateral posterior granulomatous uveitis. The underlying
pathologic process primarily manifests as diffuse stromal choroiditis and exudative
detachment of the neurosensory retina secondary to diffuse choroidal inflammation
is common. As the inflammation extends anteriorly patients develop acute bilateral
granulomatous iridocyclitis and often shallow anterior chamber secondary to ciliary
body edema and suprachoroidal fluid collection. Convalescent stage is character-
ized by depigmentation of the integument and choroid and can manifest as depig-
mented fundus, vitiligo, alopecia, and poliosis. Approximately 17-73% of patients
may progress to recurrence or chronicity, which is characterized by recurrent epi-
sodes of anterior uveitis. Ocular complications are common in convalescent and
chronic stages (Table 12.1).

The diagnosis of VKH disease is usually clinical. Revised diagnostic criteria for
VKH, created by a panel of experts convened at an international workshop in 1999,
classifies the disease into three categories: complete, incomplete, and probable
VKH [6] (Table 12.2).

Table 12.1 Ophthalmic manifestations of VKH

Clinical phase Ophthalmic manifestations

Prodromal phase Uncommon

Optic nerve involvement can occur [8]

Acute uveitis phase * Bilateral granulomatous uveitis, can be asymmetrical
« Diffuse stromal choroiditis

* Ciliochoroidal detachment, ciliary body edema

« Serous retinal detachment

* Optic disc edema

s

Chronic (convalescent) stage * Depigmentation of choroid: “sunset glow fundus’
* Dalen-Fuchs nodules

* Sugiura sign: perilimbal vitiligo

Chronic recurrent stage High chances of developing complications

e Cataract

* Glaucoma

¢ Choroidal neovascular membranes (CNVM), and
* Subretinal fibrosis
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Table 12.2 Revised diagnostic criteria of Vogt—Koyanagi—Harada disease proposed by the
International Nomenclature Committee [6]

1. No history of penetrating ocular trauma or surgery preceding the initial onset of uveitis
2. No clinical or laboratory evidence suggestive of other ocular disease entities

3. Bilateral ocular involvement (a or b must be met, depending on the stage of disease when
the patient is examined):

A. Early manifestations of disease:

1. Evidence of diffuse choroiditis (with or without anterior uveitis, vitreous inflammatory
reaction, or optic disc hyperemia), which may manifest as (A) focal areas of subretinal fluid,
or (B) bullous exudative retinal detachments.

II. If equivocal fundus findings, then both:

A. Fluorescein angiography showing focal delayed choroidal perfusion, multiple areas of
pinpoint leakage, large placoid areas of hyperfluorescence, pooling within subretinal fluid,
and optic nerve staining;

B. Ultrasonography showing diffuse choroidal thickening without evidence of posterior
scleritis.

B. Late manifestations of disease:

I. History suggestive of prior presence of early findings noted in 3A and either (II) or (I1I)
below, or multiple signs from (III) below:

II. Ocular depigmentation: either (A) sunset glow fundus or (B) Sugiura sign.

III. Other ocular signs including (A) nummular chorioretinal depigmented scars, or (B)
retinal pigment epithelium clumping and/or migration, or (C) recurrent or chronic anterior
uveitis.

4. Neurological/auditory findings (may resolve by time of evaluation):

a. Meningismus (malaise, fever, headache, nausea, abdominal pain, stiffness of the neck and
back, or a combination of these factors); note that headache alone is not sufficient to meet
definition of meningismus.

b. Tinnitus

c. Cerebrospinal fluid pleocytosis
5. Integumentary findings (not preceding onset of central nervous system or ocular disease):

a. Alopecia, or

b. Poliosis, or

c. Vitiligo.

Complete VKH: criteria 1-5 must be present
Incomplete VKH: criteria 1-3 and either 4 or 5 must be present
Probable VKHD (isolated ocular disease): criteria 1-3 must be present

12.1 Fundus Autofluorescence (FAF)

Fundus autofluorescence (FAF), based on excitation of inherent fluorophores like
lipofuscin, which accumulate in retinal pigment epithelium (RPE) is a good indica-
tor of RPE activity and metabolic stress. Being a non-invasive and rapid method, it
has become very popular over the last decade.

RPE is extensively damaged in VKH, the posterior pole being involved in the
acute phase and the periphery also involved in the convalescent and the chronic
recurrent phase. FAF features in acute VKH were described by Koizumi et al. [9].
They described two distinct patterns; the first pattern was of mild hyperautofluores-
cence in patients who received early intense immunosuppression and the second
pattern of widespread and more hyperautofluorescence seen in patients who did not
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receive treatment or received too late. Thus, FAF can help in monitoring and prog-
nosticating acute phase of VKH.

In chronic VKH, hypoautofluorescence is mainly seen in areas of atrophy and
scars, while hyperautofluorescence is mainly seen in areas of subretinal fluid in
cases of recurrences [10, 11]. Vasconcelos-Santos et al. [10] have demonstrated the
combined use of FAF and SD-OCT for evaluation of RPE and outer retinal changes
and detecting subclinical recurrences in chronic VKH patients. Heussen et al. [11]
have used wide field FAF to describe peripheral lesions in chronic VKH patients
and includes multifocal hypofluorescent spots, focal hyperfluorescent spots, and a
unique lattice-like hyperfluorescent streak. These changes may correlate with the
proliferation of RPE leading to an increase in the total amount of fluorophores or
their accumulation in the outer retina. Thus, FAF may be used as a supplement in
monitoring RPE changes during the chronic phase as it is noninvasive and therefore
can be repeated at closer intervals (Fig. 12.1).

Fig. 12.1 This patient illustrates the classic findings of VKH. (a) Note the bilateral multiple
serous detachments of the neurosensory retina. Also note the erythematous discs. (b) Fundus fluo-
rescein angiography showed pinhead hyperfluorescent spots in early phase and (¢) placoid pooling
of the dye in late phase
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Fig. 12.1 (continued)

12.2 Fundus Fluorescein Angiography (FFA)

Fluorescein angiography is the most widely used ancillary investigation and helps
to rule out similarly presenting conditions like central serous chorioretinopathy
(CSCR), which is very important as the management of both the conditions is
paradoxical.

In VKH, severe primary choroidal inflammation leads to spilling over of sub-
retinal fluid to the retina, which in turn leaks profusely through the RPE causing an
exudative retinal detachment. During the acute phase of VKH, the inflamed choroi-
dal vessels become dilated and leak fluid, especially around the posterior pole. The
choroidal inflammation usually spares the choriocapillaries but involves medium
sized vessel. In majority of the patients, there is a delay in the choroidal filling,
which is seen as spotted choroidal hyperfluorescence [12]. The RPE cells around
the peripapillary region and macula are also inflamed during the acute phase of the
disease. This is manifested as characteristic multiple punctate hyperfluorescent
dots at the level of the RPE, often called as “stars at night” appearance. In subse-
quent phases of angiogram, the inflamed RPE allows the dye to leak and accumu-
late in the subretinal space over the posterior pole. This is manifested as placoid
pooling of the dye and highlights the extent of exudative retinal detachment in the
late phase of the angiogram. Optic disc hyperfluorescence is another important
finding in angiogram and is seen in about 70% of patients in acute phase of the
disease [13] (Fig. 12.2).

In the chronic recurrent stage, there are multiple hyperfluorescent RPE window
defects and blocked fluorescence due to RPE hyperplasia. There can be alternating
hyper- and hypofluorescence from RPE alterations, sometimes referred to as “moth-
eaten” scars and “salt and pepper” pattern [14] (Fig. 12.3).
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Fig.12.2 Sunset glow fundus in VKH

Fig. 12.3 This 54-year-old lady presented with headache, neck pain, and loss of vision in both
eyes. Clinical examination revealed pockets of subretinal fluid and choroidal folds in both eyes (a).
Early phase of the angiogram showed pin-head hyperfluorescent leaks (b) which increased and
manifested as placoid pooling of the dye in late phase (c)
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Fig. 12.3 (continued)

Table 12.3 FFA features in VKH and their clinical correlation

FFA features Clinical correlation

Spotted choroidal hyperfluorescence Choroidal inflammation

Early pinpoint hyperfluorescence Breakdown of blood ocular barrier due to
inflammation

Disc hyperfluorescence Inflammation of the optic disc

Late placoid pooling of the dye Subretinal fluid or exudative detachment

Spotted hyper and hypofluorescence (salt and RPE damage

pepper pattern)

Choroidal hypofluorescence Delayed choroidal filling

Mixed band of hyper and hypofluorescence Choroidal folds

Choroidal folds, undulations in the retinal pigment epithelium (RPE), the
Bruch membrane, and inner aspects of the choroids are usually indiscernible on
routine ophthalmoscopy in VKH. Recently this clinical manifestation was reported
by several groups and thought to be a sign of severe choroidal inflammation. Wu
et al. [15] observed choroidal folds in VKH to show hypofluorescence on FFA
instead of alternating hypofluorescent and hyperfluorescent bands seen in choroi-
dal folds in other clinical entities [16]. They postulated that compaction of RPE in
the troughs decreases transmission of choroidal fluorescence and causes hypo-
fluorescence, whereas the RPE in the peaks being normal do not show
hyperfluorescence.

Chee et al. [17] have described the prognostic importance of FFA in VKH. They
found that the absence of early pinpoint peripapillary hyperfluorescence on FA is a
poor prognostic factor as it suggests that the disease is no longer in the hyperacute
phase, and hence it may possibly need to be treated more aggressively and with a
more prolonged course of immunosuppressive therapy (Table 12.3).
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12.3 Indocyanine Green Angiography (ICG)

Indocyanine green (ICG) angiography is a very sensitive tool to show minimal and
subclinical changes within the choroid and found to be an ideal ancillary test to
investigate choroidal disorders. ICG can highlight the presence of small choroidal
inflammatory foci and provide information on the choriocapillaris and choroidal
stromal vessels (Fig. 12.4).

During acute phase, severe choroidal stromal inflammatory vasculopathy is
manifested as early choroidal stromal vessel hyperfluorescence and leakage.
Hypofluorescent dark spots, corresponding to choroidal foci or granuloma, are
one of the most useful ICG sign for diagnosis and monitoring the activity of the

Fig. 12.4 ICG of a patient with VKH disease demonstrating choroidal stromal inflammatory vas-
culopathy as early choroidal stromal vessel hyperfluorescence and leakage (a, b). Note the hypo-
fluorescent dark spots, corresponding to choroidal foci or granuloma (c, d)
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Table 12.4 1CG features in VKH and their clinical correlation

ICG features Clinical correlation

Early hyperfluorescence Choroidal stromal inflammatory vasculopathy
Hypofluorescent dark spots Choroidal granuloma

Disc hyperfluorescence Severe disease

Small, irregular hyperfluorescent dots in Dalen-Fuchs nodules

periphery in chronic VKH

inflammation in VKH disease [18]. Serous retinal detachment usually appears
hypofluorescence inside and around the detachment as highly protein-bound
ICG molecule does not readily leak into the subneurosensory retinal space
(Table 12.4).

12.4 Optical Coherence Tomography (OCT)

Optical coherence tomography is a non-invasive and a fast imaging modality which
can pick up various features of vitreoretinal interface, retina and with newer
machines the choroid in various phases of VKH.

OCT has been proven to be a better tool to visualize and understand the morpho-
logic changes of the choroid in VKH patients. Cross-sectional images of multilobu-
lar serous retinal detachment in VKH disease have been studied in detail using OCT
by various authors. Yamaguchi et al. observed that the subretinal fluid seen during
the acute stage appeared to be divided into multiple compartments by inflammation-
induced fibrous septa, creating the multilobular configuration of dye pooling some-
times demonstrated on FA in this disease [13].

Using a sequence of sectional images of the posterior pole obtained by OCT,
cystoid structure within the retina in acute phase of VKH has been proposed by vari-
ous authors [14, 19, 20]. Intraretinal fluid accumulation in the form of a cyst between
the photoreceptor inner segment layers and the outer segment layers resolves earlier
than subretinal fluid following treatment [20].

Choroid became significantly thicker during the active phase of VKH disease
and choroidal thickness can be used as surrogate bio-marker to quantitatively evalu-
ate the disease activity. EDI-OCT is an excellent method to directly visualize the
choroid. It allows clear detection of the choroidal/retinal and choroidal/scleral inter-
faces, in vivo measurement of the total choroidal thickness. Choroidal thickness in
active VKH disease is reported to exceed 800 pm compared with the normal choroid
(379 pm) [21, 22]. The boundaries between the retina and the RPE and in turn
between the RPE and the choroid are readily visible with the help of EDI-
OCT. However, in case of choroidal thickening exceeding 1,000 pm, delineating the
boundary between the choroid and the inner sclera may be difficult. EDI-OCT
reveals a focal hyperreflectivity in the inner choroid, representing cross-sectional
views of pericapillary arterioles and venules [23]. Reduction of focal hyperreflectiv-
ity in inner choroid is seen in both acute and convalescent stages of VKH. Fong
et al. [23] attributed this feature due to compression and nonperfusion of small
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Fig. 12.5 Ultrasound B-scan of right eye of a patient with VKH showing multiple pockets of
subretinal fluid with diffuse choroidal thickening

choroidal vessels from massive infiltration of inflammatory cells and granuloma in
acute phase and shrinkage and dropout of small choroidal vessels caused by stromal
scarring in convalescent stage of the disease (Fig. 12.5).

Choroidal folds are undulations or wrinkles in the retinal pigment epithelium
(RPE), Bruch’s membrane, and inner aspects choroid, and can be seen in various
conditions like hypermetropia, hypotony, orbital diseases, choroidal tumors, ocular
hypotony, scleritis, papilledema, choroidal detachment, etc. Choroidal folds are also
observed in acute phase of VKH and are believed to be due to marked congestion
and thickness of choroids which cause these folds to adapt the unchanged intraocu-
lar volume [24]. In VKH, choroidal folds are seen radiating from the optic disc to
the periphery [15, 24].

Zhao et al. [24] concluded that the hypofluorescent lines on FFA are not always
due to choroidal folds, but can be choroidal veins. According to them, choroidal
veins can be differentiated from choroidal folds by discernibility on fundus photog-
raphy, not straightly radiating from optic disc, irregular arrangement [24]. Gupta
et al. [25] reported that changes in acute phase of the disease are seen mainly in the
outer retinal segment like thickening or irregularity of the photoreceptor inner seg-
ment/outer segment (IS/OS) junction, with undulations and bumps on the surface of
RPE on spectral domain OCT which resolved after systemic corticosteroids
therapy.
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Fig. 12.6 Swept Source-OCT of right eye of the same patient showed multilobular serous retinal
detachment

In a quantitative analysis for evaluating choroidal folds, Hosoda et al. [26] used
RPE undulation index as a marker for choroidal folds in grading the disease severity
of VKH. The RPE undulation index had a high value before steroid therapy, which
was reduced after treatment and was strongly correlated with both retinal and cho-
roidal thickness. Chee et al. [27] compared Swept Source-OCT and EDI-OCT in
VKH patients and concluded that SS-OCT provides much better resolution images
of the choroid than EDI-OCT resulting in accurate measurement of subfoveal cho-
roidal thickness (Fig. 12.6).

12.5 Ultrasonography

Ultrasonography (USG) B scan is an important tool in diagnosis of VKH especially
in cases where view of fundus is obscured by media opacity (e.g., extensive poste-
rior synechiae preventing pupillary dilatation, cataract, or dense vitritis). It is also
helpful in eyes where the amount of subretinal fluid is too extensive to be imaged by
an OCT. USG B scan have been found to be useful in differentiating from posterior
scleritis. In VKH, where sclera is secondarily involved, USG B scan shows diffuse,
low to medium reflective choroidal thickening whereas in posterior scleritis the
scleral thickening has high reflectivity and is frequently accompanied by retrobulbar
edema in the peripapillary region resulting in the “T” sign [28]. USG B scan is also
helpful in evaluation of choroidal detachment in VKH which, though rare, can occur
in absence of prominent retinal detachment [29] (Fig. 12.7).

Various features seen on Ultrasonography B scan in VKH:

* Low to medium reflective thickening of the choroid

» Serous retinal detachments with shifting fluid

* Mild thickening of the sclera and/or episclera adjacent to areas of choroi-
dal thickening

* Vitreous opacities.

» Extensive subretinal fibrosis in chronic cases.
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Fig. 12.7 A 14-year-old-girl presented with history of headache, ocular pain, redness followed by
diminution of vision in both eyes. (a) Fundus examination of both eyes showed OU SRF pockets at
posterior pole of both fundus. (b) Placoid pooling of the dye observed in late phases of angiogram.
(¢) OCT of the eyes showing multilobular serous retinal detachment with choroidal thickening

Ultrasound biomicroscopic (UBM) examination have demonstrated that cilio-
choroidal detachment is a frequent finding in the acute stage of VKH disease and
may be responsible for shallow anterior chamber encountered in the early stage of
disease. The ciliary body is considered to be the most susceptible site for accumula-
tion of suprachoroidal fluid. Ciliochoroidal detachment in VKH is usually depends
on the severity and duration of insult to the choroidal vascular barrier by the inflam-
matory process. Acute angle closure can be the presenting sign of the disease and
can complicate the diagnosis [30-33]. Using UBM, swollen ciliary bodies with
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anterior rotation of the ciliary processes were found to be responsible for anterior
displacement of the peripheral iris and subsequent appositional closure of the ante-
rior chamber angle [34]. Most of the published literature have shown resolution of
ciliochoroidal detachment, ciliary body swelling, and deepening of anterior cham-
ber depth significantly following steroid or immunosuppressive therapy.

12.6 Therapeutic Considerations

The aim of treatment in VKH is to suppress the active intraocular inflammation and
prevent potential visual impairment. Early and aggressive treatment with systemic
corticosteroids remains the mainstay of the initial therapy. Systemic steroid is admin-
istered either orally (1-1.5 mg/kg/day) or through a short course of intravenous
methylprednisolone 1000 mg/day, for 3 days and slow tapering of oral corticosteroid.
Rapid tapering or discontinuation of corticosteroid may incur in recurrences and the
treatment should be continued for at least 6-9 months [35, 36]. Immunosuppressive
agents are usually required to achieve long-term remission of the disease. However,
these agents are also indicated in conditions inadequately controlled with corticoste-
roid alone or disease that warrants unacceptably high amount of corticosteroid. Use
of immunosuppressive agents in VKH has been reported to have beneficiary effect
and associated with reduced risk of vision loss [37].
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Ocular Manifestations of Pregnancy 1 3

Michael T. Andreoli and William F. Mieler

Abstract

A variety of physiologic and pathologic changes may occur in the eye during
pregnancy. Many of these variations are related to vascular and blood volume
alterations in the mother. However, progression of various pre-existing condi-
tions, such as diabetic retinopathy and intraocular tumors, may also occur.
Ophthalmologists should be aware of these effects, as they may require modifi-
cations to screening or treatment patterns.

13.1 Introduction

Pregnancy may be associated with a wide array of ocular manifestations, many of
which are vascular in etiology. These alterations may relate to pre-existing condi-
tions or develop secondary to the pregnancy itself. Multiple retinal and choroidal
pathologies are found at a higher rate in pregnant women. Additionally, common
diseases such as diabetes mellitus, or uncommon intraocular tumors (uveal mela-
noma, choroidal hemangioma, and/or choroidal osteoma) may progress or grow
during pregnancy as well.
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13.2 Physiologic Changes
13.2.1 Intraocular Pressure

Intraocular pressure may drop in the second half of pregnancy. The proposed mech-
anisms for this include increased uveoscleral outflow [1, 2] and decreased episcleral
venous pressure [3]. The intraocular pressure generally returns to pre-pregnancy
levels by two months postpartum [4].

13.2.2 Cornea

The cornea may exhibit several alterations during pregnancy, including decreased
corneal sensitivity [5], increased thickness [6], and increased corneal curvature [7].
These factors may contribute to contact lens intolerance, which is common among
pregnant women [8], and refractive shift [9]. Thus, new spectacle prescriptions
should be delayed for several weeks postpartum.

13.3 Pathologic Conditions

13.3.1 Pregnancy-Induced Hypertension (Pre-Eclampsia,
Eclampsia, HELLP Syndrome)

13.3.1.1 Pre-Eclampsia, and Eclampsia

Clinical Features

Pregnancy-induced hypertension (PIH), which includes pre-eclampsia and eclamp-
sia, occurs in approximately 5% of pregnancies and may be associated with a vari-
ety of ocular abnormalities. Hypertension, peripheral edema, and proteinuria
characterize pre-eclampsia. Eclampsia is pre-eclampsia accompanied by seizures.

Ocular Manifestations

The most common symptoms of PIH are blurred vision, photopsias, scotomata, and
diplopia. Examination findings include retinal arteriolar abnormalities, serous reti-
nal detachments, and ischemic optic neuropathy.

The most common retinal abnormality seen in pre-eclampsia is focal arteriolar
spasm and narrowing, along with varying degrees of choroidal ischemia
(Fig. 13.1) [10, 11]. This may also be associated with peripapillary or focal reti-
nal edema, which may be mild (Fig. 13.2) or quite severe (Fig. 13.3). As vascular
changes typically return to normal after delivery, permanent visual loss is rare,
though retinal pigment epithelial mottling and/or varying degrees of optic atro-
phy may occur.

Serous retinal detachments occur in 1% of pre-eclamptic patients [12] and about
10% of eclamptic patients [13]. Choroidal ischemia is believed to play a role in the
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Fig. 13.1 Color
photograph (right eye) in a
patient with pre-eclampsia.
The image reveals
moderate retinal vascular
attenuation and multiple
areas of choroidal ischemia
compatible with pre-
eclampsia. The ischemic
areas resolved post-partum,
leaving mild retinal
pigment epithelial mottling

Fig. 13.2 Color photographs (both eyes) in a patient with pre-eclampsia. The photos reveal mild
peripapillary edema compatible with the diagnosis

pathogenesis of these serous detachments [14]. The bullous serous elevations, which
may be bilateral, occur in the absence of significant retinal vascular abnormalities.
Most patients experience resolution of the detachments shortly after delivery.
Although the visual prognosis is quite good, residual pigment epithelial alterations
and optic atrophy may limit visual outcomes [15].

Acute ischemic optic neuropathy has been reported to occur in severe pre-
eclampsia. The pathophysiology remains speculative [16].

Cortical blindness due to cerebral arteriolar vasospasm and cerebral edema may
also be seen in PIH, although vision usually recovers completely [17, 18].
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Pre-Delivery p Post-Partum

Fig. 13.3 Color photograph (right eye) in a patient with eclampsia (a) showing severe peripapil-
lary retinal exudation with retinal edema and numerous intraretinal hemorrhages. These retinal
changes improved significantly after delivery (b)

13.3.1.2 HELLP Syndrome

In approximately 10% of patients with severe PIH, the HELLP syndrome occurs.
The HELLP syndrome, which is characterized by hemolysis, elevated liver
enzymes, and low platelets, is associated with a poor maternal and fetal outcome.
The ocular findings in this disorder include bilateral serous retinal detachments
with yellow-white subretinal opacities (Fig. 13.4) [18], as well as possible vitreous
hemorrhage [19].

Management of PIH

The management decisions for PIH are multifactorial, taking into account the matu-
rity and health of the fetus. Medical treatment includes controlling the blood pres-
sure and electrolyte imbalances.

Prognosis

Overall, the incidence of visual and retinal abnormalities has decreased due to
improved medical management of PIH. The majority of the ocular abnormalities
improve with medical management of PIH or with the delivery of the fetus.

13.3.2 Central Serous Chorioretinopathy
Central serous chorioretinopathy (CSCR) is characterized by a spontaneous, local-

ized serous retinal detachment causing symptoms of decreased vision, metamor-
phopsia, and micropsia. The idiopathic form of disease primarily affects males in
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Fig. 13.4 Color photographs (both eyes) in a patient with HELLP syndrome (a, b) demonstrating
extensive bilateral serous retinal detachments, with extensive leakage seen on fluorescein angiog-
raphy (c, d). Following delivery, the retinal detachments resolved, leaving behind mild pigmentary
changes to the retinal pigment epithelium (e, f)

the second to fourth decade of life. CSCR has been reported to occur in any trimes-
ter of pregnancy [20]. The etiology of CSCR in pregnancy is unknown, though
hormonal [21], coagulation, and hemodynamic changes may play a role [22].

The presence of subretinal exudates with the serous retinal detachment is more
often seen in CSCR associated with pregnancy (90%) than in non-pregnant patients
(less than 20%) [23]. This exudate appears white or gray-white and represents fibrin
in the subretinal space (Fig. 13.5) [23]. The diagnosis can generally be made by the
clinical presentation, thus diagnostic fluorescein angiography is not necessary.
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Fig. 13.5 Color
photograph (left eye)
showing a prominent
serous retinal detachment
of the macula with
subretinal fibrin superiorly.
This patient had just
entered her second
trimester of pregnancy. The
findings were compatible
with central serous
chorioretinopathy

Both the serous detachment and the subretinal exudates tend to resolve near the
end of pregnancy or in the postpartum period (Fig. 13.6). Patients who have experi-
enced an episode of CSCR in pregnancy may have a recurrence outside of preg-
nancy or in a subsequent pregnancy [20].

13.3.3 Occlusive Vascular Disorders

A variety of occlusive vascular disorders may occur during pregnancy. These disor-
ders include a Purtscher’s-like retinopathy, or ocular changes associated with dis-
seminated intravascular coagulation (DIC), thrombotic thrombocytopenic purpura
(TTP), and/or amniotic fluid embolism.

13.3.3.1 Purtscher’s-Like Retinopathy

A Purtscher’s-like retinopathy has been reported, generally occurring within 24 h
of childbirth [24]. It is usually associated with complications of the late stages of
pregnancy, such as pre-eclampsia or pancreatitis. Patients experience severe, bilat-
eral vision loss shortly after delivery. Funduscopic changes include widespread
cotton wool spots with or without intraretinal hemorrhages (Fig. 13.7). Fluorescein
angiography may demonstrate focal areas of arteriolar obstruction and varying
degrees of retinal vascular leakage (Fig. 13.8). The retinal changes tend to resolve
spontaneously, and vision recovers in most cases (Fig. 13.8). The etiology of this
disorder is related to complement-induced granulocyte aggregation and vascular
occlusion.
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Fig. 13.6 Color photographs (right eye) (a—d) in a patient with bilateral CSCR at various stages
during and post-pregnancy, with corresponding OCT images (e-h). The condition spontaneously
improved without treatment
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Fig. 13.7 Color photograph and fluorescein angiogram (right eye) in a patient immediately post-
partum who experienced acute visual loss. The color photograph documents extensive temporal
juxtapapillary retinal whitening while the fluorescein angiogram shows minimal capillary
non-perfusion

13.3.3.2 Disseminated Intravascular Coagulation

Disseminated intravascular coagulation (DIC) may occur in complicated abortions,
abruptio placenta, severe pre-eclampsia, and fetal compromise with retained tissue.
DIC is characterized by widespread thrombus formation. The choroid is the most
common intraocular structure involved [25, 26]. Occlusion of the choriocapillaris
causes disruption of the overlying retinal pigment epithelium, leading to serous reti-
nal detachment. With resolution of DIC, the serous detachment typically resolves.
Retinal ischemia may also be seen (Fig. 13.9), along with residual retinal pigment
epithelial alterations.

13.3.3.3 Thrombotic Thrombocytopenic Purpura

Thrombotic thrombocytopenic purpura (TTP) has been reported in the setting of
pregnancy, and is characterized by thrombus deposition in vessels, hemolytic ane-
mia, thrombocytopenia, neurologic changes, fever, and renal dysfunction. Ocular
findings in this disorder include retinal vascular occlusions, retinal hemorrhages,
serous retinal detachments, and optic disc neovascularization [27-29] (Fig. 13.10).
The visual prognosis is generally very guarded. Purtscher’s-like retinopathy has
also been reported with TTP [30].

13.3.3.4 Amniotic Fluid Embolism

Amniotic fluid embolism is a serious complication of pregnancy, with an 80% mor-
tality rate. It may occur during labor, delivery, or in the immediate postpartum
period. Particulate matter from the amniotic fluid enters the maternal circulation,
resulting in cardiopulmonary failure. Ophthalmic manifestations include retinal
artery occlusions [31].
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Fig. 13.8 Color photographs and fluorescein angiogram (both eyes) in a patient with Purtscher’s-
like retinopathy. (a, b) Color photographs document extensive peripapillary cotton-wool spots
compatible with retinal ischemia, and this was documented on fluorescein angiography (c, d).
Further in the post-delivery time frame (e, f), the cotton wool spots dissipated, though moderate
retinal pigment epithelial mottling remained with mild visual impairment as well
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Fig. 13.9 Color photograph (both eyes) in a patient two months following a complicated abortion.
Resolving cotton-wool spots are seen, and there was resultant retinal pigment epithelial mottling,
though the vision was not adversely impacted

Fig. 13.10 Color photographs (both eye) in a pregnant patient who developed thrombotic throm-
bocytopenia purpura (TTP) and lost complete visual function

13.4 Pre-Existing Conditions
13.4.1 Diabetic Retinopathy

13.4.1.1 Progression

As reported by Klein and associates, pregnancy is a major risk factor for the progres-
sion of diabetic retinopathy (DR) [32]. Several studies have outlined the degree of the
retinopathy progression during the course of pregnancy [33-35]. Axer-Siegel et al.



13 Ocular Manifestations of Pregnancy 211

examined 65 patients with insulin dependent diabetes mellitus who became pregnant
[36]. They reported that 26% of patients without DR at conception developed mild
non-proliferative diabetic retinopathy (NPDR) during the course of pregnancy. Of
the patients with initial NPDR, 55% had progression of their retinopathy. Twenty-
two percent of patients with initial NPDR progressed to proliferative diabetic reti-
nopathy (PDR) necessitating the need for pan-retinal photocoagulation (PRP).

Both NPDR and PDR occurring during the course of pregnancy have a high rate
of spontaneous regression in the third trimester or in the post-partum time frame. In
Axer-Siegel and coworkers’ study, of the patients with no retinopathy at conception
who then developed mild NPDR during pregnancy, 50% experienced total regres-
sion of their retinopathy and 30% had partial regression of their retinopathy after
delivery [36]. The rate of total regression was not as high in patients with more
advanced disease at the onset of pregnancy.

Diabetic macular edema (DME) may also occur during pregnancy [37]. As with
the retinopathy, there is a high rate of spontaneous regression postpartum.

13.4.1.2 Factors Associated with Progression

The progression of DR is influenced by various factors, including the duration of
diabetes mellitus, metabolic control before and during pregnancy, severity of reti-
nopathy at conception, and the presence of coexisting hypertension. Progression is
more likely to occur in pregnant women who have had diabetes for a longer period
of time, as is also the case for non-pregnant diabetics [36].

Several studies have also shown that both higher glycosylated hemoglobin levels
at conception and rapid tightening of glycemic control during pregnancy have been
associated with a higher risk of progression of retinopathy [33, 38]. In contrast,
Lauszus and coworkers found no association between the progression of retinopa-
thy and the glycosylated hemoglobin [39].

Another factor that influences the progression of DR during pregnancy is the
degree of retinopathy at conception. Those patients with pre-existing DR are at a
high risk of progression of their disease during pregnancy [36, 40]. Progression to
PDR without the initial presence of NPDR in early pregnancy has been rarely
described [41].

Finally, both high diastolic and systolic blood pressure have been reported to be
associated independently with DR progression [32, 36].

13.4.1.3 Pathophysiology of Progression

The pathogenesis for the acceleration of DR during pregnancy is unclear. Several
investigators have studied retinal circulatory changes in diabetic and control sub-
jects during pregnancy. Chen and associates found an increase in retinal blood flow
in pregnant women who had worsening of their DR [42]. In contrast, Schocket and
coworkers noted that the retinal venous diameter and retinal blood flow decreased
to a greater degree in diabetic mothers compared to non-diabetic mothers [43].
Thus, they proposed that the decrease in blood flow might exacerbate retinal isch-
emia and hypoxia, leading to the acceleration of DR.
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13.4.1.4 Treatment Criteria for Diabetic Retinopathy

The treatment of PDR during pregnancy is based on the same criteria as in non-
pregnant patients. DME is often observed without treatment due to the high rate of
spontaneous regression in the post-partum period.

13.4.1.5 Follow-Up Guidelines

The American Academy of Ophthalmology has guidelines for the monitoring of
pregnant diabetic patients in its Preferred Practice Patterns for diabetic retinopathy
[44]. Ideally, pregnant diabetic women should receive an ophthalmologic examina-
tion prior to conception and then again in the first trimester. Subsequent exams
should be at the discretion of the examiner, but at least every three months until
delivery. Gestational diabetes does not carry the same risk of diabetic retinopathy
and does not require fundus examination during pregnancy.

13.4.2 Intraocular Tumors

13.4.2.1 Uveal Melanoma

Uveal melanoma growth has been described during pregnancy [45-47]. Shields
et al. reported a series of 16 pregnant patients with uveal melanoma [47]. Seven
patients were diagnosed with active tumors at initial presentation and treated imme-
diately. Of the remaining nine patients who had been followed for various lengths
of time with suspicious lesions, seven patients demonstrated transformation into
active melanoma during the course of pregnancy (Fig. 13.11). The histopathology

L1838
1558m/s 15.66mn

Fig. 13.11 Echogram (right eye) in a pregnant female who had been monitored with a pigmented
lesion compatible with a medium-sized uveal melanoma. Initial plans were to wait until conclusion
of the pregnancy to treat the lesion with brachytherapy, though with documented growth of the
lesion (including a breakthrough Bruch’s membrane), brachytherapy was carried out during the
third trimester. The patient and child have done well
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and survival rates of uveal melanoma in pregnant women were similar to non-
pregnant patients. The etiology of transformation and growth during pregnancy is
unknown.

13.4.2.2 Choroidal Osteoma

There have been several descriptions of choroidal osteomas presenting during preg-
nancy and/or changing in appearance [47]. The etiology for the exacerbation of the
choroidal osteoma during pregnancy is unknown.

13.4.2.3 Choroidal Hemangioma
Choroidal hemangiomas have been documented to rapidly expand then spontane-
ously regress after delivery [48].

13.4.3 Diagnostic Agents

Fluorescein dye crosses the placenta and is present in breast milk for at least
three days after administration [49]. No teratogenic or embryocidal effects have
been reported in animals [50, 51]. Also, no adverse effects have been reported in
humans.

Halperin and coworkers reviewed the use of fluorescein angiography in pregnant
patients [52]. A retrospective study of neonatal outcomes in 105 pregnant patients
who underwent fluorescein angiography revealed that there was not a high rate of
birth anomalies or complications. Nonetheless, most vitreoretinal specialists likely
would avoid obtaining an angiogram during pregnancy unless a sight-threatening
lesion is suspected.

Indocyanine green (ICG) has been used in pregnant women for non-ophthal-
mic purposes, such as for measuring hepatic blood flow, without adverse effect on
the mother or fetus. It does not cross the placenta, but it is not known whether it
is present in breast milk [53]. Most retina specialists seem hesitant to order ICG
angiography during pregnancy, despite its documented safety for non-ophthalmic
purposes [54].

Conclusion

Pregnancy may be associated with a variety of ocular manifestations in the
mother. Systemic hypertension may have a dramatic impact on the eye during
pregnancy, inducing a variety of retinal, choroidal, and/or optic nerve abnormali-
ties. Select vascular occlusive disorders such as Purtscher’s-like retinopathy,
DIC, or TTP also occur, though are extremely rare. Other conditions such as
CSCR may occur with a greater frequency, though the visual changes generally
stabilize post-partum.

Pre-existing conditions such as diabetes mellitus may be exacerbated during
pregnancy. Finally, certain intraocular tumors such as uveal melanoma, choroi-
dal osteoma, and choroidal hemangioma may grow or change during the course
of pregnancy.
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The majority of these conditions resolves or stabilizes during the post-partum
time frame, though occasionally they may lead to permanent visual impairment.
An understanding of these changes will aid in establishing the appropriate diag-
nosis and management of ocular conditions during pregnancy.
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Abstract

Hypertensive retinopathy refers to a spectrum of ophthalmic changes secondary
to elevated systemic blood pressure. Retinal arterioles can be visualized easily
and non-invasively and share similar anatomical and physiological properties
with cerebral and coronary microcirculation. Therefore, the retina provides a
window to study the human circulation in hypertensive patients.

Both acute hypertensive peaks and chronically elevated blood pressure may
have ocular involvement: arteriovenous nicking is the hallmark of long-standing
disease. Retinopathy has been graded in mild, moderate, and severe according to
ocular findings and systemic risk. Accurate diagnosis of hypertensive retinopa-
thy, especially that associated with malignant hypertension, is necessary to avoid
visual and systemic morbidity and to address prompt treatment.

In the United States, an estimated 25% of all adults and 60% of individuals over
60 years suffer from hypertension, corresponding to about 50 million people. Blacks
have a higher prevalence than whites, and men are affected more than women until
50 years of age when women have a higher prevalence [1].

High blood pressure is classified into different classes:

* Essential hypertension, of unknown etiology and diagnosed when the average
blood pressure measures >140 mmHg systolic or >90 mmHg diastolic.
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e Secondary hypertension, when caused by medical o iatrogenic condition and can
be cured with correction of the underlying disease.

e Malignant hypertension: affects 1% of the hypertensive population, occurring
when the systolic blood pressure is >200 mmHg and the diastolic is >130 mmHg.
Life-threatening complications are headache, proteinuria, stroke, kidney failure,
and encephalopathy. Ocular symptoms include scotoma, diplopia, blurred vision,
and photopsias.

Hypertension is often underdiagnosed or inadequately treated despite the relative
ease of detection [2]. Untreated or inadequately treated hypertension carries signifi-
cant cardiovascular and renal mortality. In patients with borderline hypertension,
the relative risk of cardiovascular disease and end-stage renal disease is nearly dou-
ble that of patients with optimal blood pressure [3].

Hypertensive retinopathy is nowadays evaluated as an indicator for organ dam-
age along with left ventricular hypertrophy and chronic renal failure and is accepted
as a prognosis-influencing factor in hypertensive patients [4]. However, most cur-
rent guidelines for the management of arterial hypertension do not recommend fun-
doscopy as a routine screening test, as the presence of retinal lesions does not
require changes in therapeutic management of these patients [5].

Over the past decade, large population-based studies have evaluated hyperten-
sive retinopathy relying on retinal photography [6]. Data from these epidemiologi-
cal studies indicate that hypertensive retinopathy signs occur in 3-14% of
non-diabetic adults aged 40 years or older. Among the different retinal signs, focal
arteriolar narrowing and arteriovenous (AV) nicking occur in 7-12% of hyperten-
sive people, respectively, and the most common retinopathy lesions observed are
isolated retinal hemorrhages or microaneurysms (3—17%), with cotton wool spots
being relatively uncommon (0.3%).

14.1 Ocular Manifestations

Although the name hypertensive retinopathy implies exclusive retinal involvement,
changes at different ocular structures are observed, depending on the chronicity and
severity of the disease. In fact, the retina, the retinal pigment epithelium (RPE), the
choroid, and the optic nerve may be affected, with variable associations.
Subconjunctival hemorrhages, while usually secondary to a Valsalva maneuver, can
also occur in conjunction with acute blood pressure elevation.

Retinal arterioles and capillaries are similar in anatomy to cerebral vessels in that
they exhibit autoregulatory mechanisms to maintain a constant ocular perfusion
pressure; moreover, tight junctions at endothelial level form the internal blood-
retinal barrier, ensuring retinal isolation from systemic circulation. Choroidal arte-
rioles and capillaries have fenestrations (no blood-ocular barrier) and do not exhibit
autoregulation. Optic nerve head vessels feature intermediary characteristics with
autoregulation but an incompetent blood-ocular barrier as a result of the peripapil-
lary choroidal vessels [7].
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Table 14.1 Clinical features of acute (on the left) and chronic (on the right) hypertensive
retinopathy

Acute hypertensive retinopathy Chronic hypertensive retinopathy

Cystoid macular edema/neurosensory retinal detachment Arteriolosclerosis

Hypertensive choroidopathy AV nicking

FIPTs Stellate maculopathy

Cotton-wool spots Collateral shunts,
microaneurysms

Optic disc edema Optic disc pallor

Systemic symptoms (proteinuria, stroke, kidney failure, RVO, macroaneurysm

encephalopathy)

AV arteriovenous, FIPTs focal intraretinal periarteriolar transudates, RVO retinal vein occlusion

These differences between the retina, the choroid, and the optic nerve explain
why each of these anatomic regions responds differently to hypertension. In fact,
acute hypertensive peaks, such as those reached in malignant hypertension or gra-
vidic eclampsia, generally correspond to more striking clinical signs, with disc
edema, choroidal infarction, and evident retinopathy. These events are related to
diffuse vasoconstriction of arterial vascular beds secondary to the systemic release
of catecholamines. Chronic hypertension leads to more subtle changes, affecting
primarily the retinal vasculature, and patients are usually asymptomatic (Table 14.1).

14.2 Hypertensive Vasculopathy

First signs of hypertension-related ocular damage involve the retinal vasculature.
Primary injury takes place at the microvascular level, where the physiological
response of healthy retinal arterioles to high pressure is vasoconstriction (retinal
circulatory system autoregulation) [8]. Arterial narrowing can be focal or general-
ized, when involves different arteriolar branches.

When this condition is sustained, vascular histological structure is diffusely
affected. In detail, the tunica media of retinal vessel made of thin smooth muscle
becomes hypertrophic, as a consequence of its prolonged state of contraction.
Nutritional blood supply is likely to be insufficient to satisfy the increased metabolic
demand of thickened muscular cells, and the fibers become ischemic and are replaced
by hyaline scar. The outermost elastic layer of retinal arterioles gradually leaves place
to thicker unelastic fibrotic coat; the thin endothelial monolayer that represents the
internal blood-retinal barrier gets damaged by persistently high intraluminal blood
pressure. This phenomenon is globally known as arteriolosclerosis and leads to
increased optical density of retinal blood vessel walls; this is visible on ophthalmos-
copy as sheathing of the vessels, or copper-wire appearance. When sheathing encir-
cles the entire wall, it produces a silver-wire vessel (Fig. 14.1).

Morphological changes are more evident at AV crossing, where the pathologic
rigid arteriole crosses, compresses, and dislocates the vein, as the vessels share a
common adventitial sheath (Fig. 14.2).



220 G. Querques et al.

Fig. 14.1 Copper-wire
arterioles. On the right
magnification centered on
the bright metallic reflex of
the supero-temporal retinal
arterioles

Fig. 14.2 Arteriovenous nicking. Top: infrared fundus image (left) and optical coherence tomog-
raphy (OCT) (right) showing the anatomic relationship between the artery and the vein at arterio-
venous crossing. Bottom: color fundus image (left) and OCT angiography (right) showing Gunn
sign (see the text for explanation)



14 Systemic Hypertension 221

Fig. 14.3 Salus sign. Vein deviation under the enlarged arterioles at right-angle crossing points,
where the venule crosses the arteriole in a horseshoe shape

Table 14.2 Clinical classification of hypertensive vasculopathy

Grade | | Broadening of arteriolar light reflex, mild arteriolar attenuation, narrowing, and
tortuosity, and vein concealment at the level of AV nicking

Grade 2 | More evident broadening of arteriolar light reflex, higher arteriolar attenuation, and
venous displacement at points where arterioles and venules cross over (Salus sign)
Grade 3 | Bright arteriolar reflex (copper-wire), dilatation of veins distally to arteriovenous
cross (Bonnet sign) and tapering of veins at both sides of AV cross (Gunn sign)
Grade 4 | Brighter arteriolar reflex (silver-wire), associated with signs of grade 3 vasculopathy

AV arteriovenous

Since blood flow is impeded from AV nicking, the vein distal to compression
shows hourglass constrictions (Gunn sign), aneurysmal-like dilatation (Bonnet
sign), and increased tortuosity on both sides of the crossing. Moreover, sclerosis
may alter the original length of retinal arterioles, and changes the orientation of the
branches coming off, creating right angles between the main vessel and its minor
branches. This change in length deflects the veins at the common sheath and changes
their course in a horseshoe shape (Salus sign) (Fig. 14.3).

These features have been divided into four progressive stages (Scheie classifica-
tion), not necessarily indicative for severity of the condition (Table 14.2) [9].

14.3 Hypertensive Retinopathy

Once vascular changes take place, the integrity of inner blood-retinal barrier is dis-
rupted, endothelial permeability increases, and focal intraretinal periarteriolar tran-
sudates (FIPTs) accumulates in extracellular spaces. FIPTs are small, white, focal,
oval lesions deep in the retina, associated with major arteriolar vessels and are
among the earliest retinal lesions caused by malignant hypertension. Chronic retinal
leakage, instead, results in lipid precipitation in the form of hard exudates with a
peculiar speckled configuration that follows the radial orientation of Henle fiber
layer, known as macular star (Fig. 14.4).
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Fig.14.4 Left: Intraretinal periarteriolar transudates, appearing as small, white, focal, oval lesions
associated with arteriolar vessels, among the earliest lesions suggestive of malignant hypertension.
Right: radial orientation of perimacular hard exudates

Fig. 14.5 Cotton-wool spots and flame-shaped hemorrhages in the nerve fiber layer imaged
through color fundus (top left), posterior pole blue-light (588 nm) fundus autofluorescence (top
right), and optical coherence tomography (bottom)

In severe cases, signs of retinal ischemia and venous stasis become detectable on
fundus, including cotton-wool spots and flame-shaped hemorrhages in the nerve
fiber layer (Fig. 14.5).
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Fig. 14.6 Incipient retinal vein occlusion in highly hypertensive woman presenting with central
scotoma: note marked vascular tortuosity, dot retinal hemorrhages, and initial macular hypoperfu-
sion on superimposed optical coherence tomography angiography of the same eye

Compensatory changes to chronic capillary obliteration result in the develop-
ment of microaneurysms, shunts, and collateral vessels. Possible vascular compli-
cations of untreated hypertensive retinopathy are vein occlusion and macroaneurysm
(Fig. 14.6).

14.4 Hypertensive Choroidopathy

Choroid is rarely damaged in chronic hypertensive retinopathy; choroidal involve-
ment is more common in accelerate setting, such as hypertensive crisis or toxemia
of pregnancy [10]. Choroidal vascular involvement is typically more severe than
retinal changes, and more closely resembles systemic arterial narrowing. Features
of choroidopathy are often bilateral, share an acute ischemic pathogenesis, and rep-
resent microinfarcts of the terminal branches of the short posterior ciliary arteries
(Fig. 14.7).
They include:

e Elschnig spots: small, confluent, pigmented lesions in correspondence to focal
choroidal necrosis.

* Siegrist’s streaks: linear flecks along vessel, indicative of fibrinoid necrosis.

e Neurosensory retinal detachment and intraretinal cystoid edema secondary to
external blood-retinal barrier damage (Fig. 14.8).
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Fig. 14.7 Multimodal imaging of focal chorioretinal ischemia: color fundus image showing hard
exudates and small hemorrhages (fop left); fundus autofluorescence showing multiple focal hypo-
autofluorescent dots, related to small choroidal infarctions (fop right); infrared image and optical
coherence tomography scan passing through the lesion, showing a circular three-dimensional dis-
position of the exudates around the occluded vessel (bottom)

Fig. 14.8 Swept-source optical coherence tomography of a chronically hypertensive patient,
showing intraretinal edema and foveal neurosensory detachment
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14.5 Hypertensive Opticopathy

In hyper-acute cases, optic disc swelling takes place (Fig. 14.4). This is a form of
non-arteritic anterior ischemic optic neuropathy (NAION), secondary to
hormone-related vasoconstriction of the posterior ciliary arteries supplying the
optic nerve head. Ischemia occurring in the optic nerve leads to stasis of axoplas-
mic flow, with peripapillary hemorrhages and cotton-wool spots. Optic disc pal-
lor develops in chronic hypertension. Diabetic papillopathy and central retinal
vein occlusion must be considered in the differential diagnosis of this clinical
picture.

14.6 Instrumental Diagnosis

Hypertensive retinopathy is a clinical diagnosis, as visualized on slit-lamp bio-
microscopy or indirect ophthalmoscopy. Diagnosis is confirmed by measurement
of blood pressure and exclusion of all possible confounding factors. Fundus fluo-
rescein angiography is not crucial for diagnosis, but helps in visualization of
capillary nonperfusion, blockage from retinal hemorrhages and leakage where
blood-retinal barrier is disrupted, at level of FIPTs. FIPTs are angiographically
distinguishable from cotton-wool spots, as they appear hypofluorescent due to
nonperfusion and capillary dropout. There may be delayed, patchy choroidal fill-
ing defects followed by late leakage when hypertensive choroidopathy is present.
In case of optic neuropathy, leakage from a swollen optic nerve is detectable in
late frames.

Optical coherence tomography (OCT) helps in diagnosis of macular edema and
serous neuroretinal detachment; its utility is higher in the follow-up as it is non-
invasive, dye-less, and no-time consuming (Fig. 14.8).

The development of specific computer-assisted imaging software has made it
possible to objectively measure the retinal arteriolar caliber and the arteriole-to-
venule ratio (AVR) in hypertensive patients [11]. Additional software exists for
assessment of microvascular remodeling, branching angles, bifurcation, fractal
dimension, tortuosity, vascular length-to-diameter ratio, and wall-to-lumen ratio
(Fig. 14.9).

Further technological advancements in retinal imaging allowing dynamic evalu-
ation of retinal vascular flow and remodeling, such as the dynamic vessel analyzer
(DVA) and scanning laser Doppler flowmetry, have shown that venules may repre-
sent a dynamic component in response to hypertension [12] (Fig. 14.10).

Innovative retinal imaging tools, such as ultrawide-field retinal imaging
(Fig. 14.10), adaptive optics, retinal oximetry, and Doppler optical coherence
tomography, have emerged recently to evaluate in advance the link between the
eye and hypertension. These tools have limited use in current clinical practice yet,
and have been used mainly for research purpose; however, implementation of
these methods would become a precious resource in primary screening of popula-
tion at risk.
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Fig. 14.9 Ultrawide-field retinal imaging and optical coherence tomography angiography show-
ing arteriovenous nicking

14.7 Staging

The original classification system for hypertensive retinopathy was proposed in
1939 (Keith-Wagener-Barker classification) (Table 14.3). Since that time, other
classification schemes have been proposed. However, there have been several criti-
cisms of grading systems concerning the reproducibility and the relevance to clini-
cal practice. In detail, the poor correlation of retinal signs with severity of
hypertension; the presence of retinal signs in normotensives; a lack of predictable
progression in clinical signs; the recognition of choroidopathy and optic neuropathy
as separate manifestations; and poor inter-observer reliability have all led to disuse
of these grading systems [13].
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Fig. 14.10 Dynamic vessel analyzer (DVA) and analysis of retinal vascular caliber to calculate
the arteriole-to-venule ratio (AVR)

Table 14.3 Keith-Wagener-Barker clinical classification of hypertensive retinopathy (1939)

Group 1 | Mild generalized arteriolar narrowing, sclerosis and tortuosity, slight arterial light
reflex

Group 2 | Definite arteriolosclerosis, AV nicking, exaggerated arterial light reflex

Group 3 | Cotton-wool sports, retinal hemorrhages, retinal exudates

Group 4 | Choroidopathy, macular star, papilledema

14.8 Differential Diagnosis

In general, the degree and the duration of systemic hypertension are the primary
determinants of hypertensive retinopathy grade. However, the changes described in
the above sections are not unique for hypertension. Main differential diagnosis com-
prehends diabetic retinopathy, retinal venous occlusion, hyperviscosity syndromes,
congenital hereditary retinal arterial tortuosity, ocular ischemic syndrome, infec-
tious retinopathy (especially HIV-related), and radiation retinopathy. The retinopa-
thy may also be more severe and more progressive when associated with other
ocular or general medical conditions (i.e. diabetic retinopathy). Other factors, such
as hyperlipidemia, may make the retinopathy worse as well.
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14.9 Treatment

Chronic hypertensive retinopathy rarely results in significant vision loss. Urgency
of treatment is related to presumed cerebral damages, including ischemic or hemor-
rhagic stroke, that may cause severe irreversible morbidity. Antihypertensive medi-
cation may reverse hypertensive retinopathy signs; newer studies, based on digital
retinal photography and computerized analysis, have revealed that blood pressure
reduction is associated with a reduction in arteriolar narrowing, widening of arterio-
lar branch angle, and an increase in arteriolar density among untreated hypertensive
patients [14]. Treatment of chronic hypertension requires a detailed medical evalu-
ation of the patient, to recognize the underlying cause and tailor the right treatment.
In addition, appropriate patient education regarding low-sodium diet, exercise, and
medication compliance is crucial.

Management of malignant hypertension (and therefore retinopathy, choroidopa-
thy, and optic neuropathy) should require a primary care setting, with the goal of
gradual lowering of the blood pressure to a level that minimizes end-organ damage.
Too rapid decline can lead to ischemia of the optic nerve, brain, and other vital
organs, resulting in permanent damage. Most patients resume normal vision after
acute hypertensive events. If vision loss occurs, this may result from RPE changes
secondary to retinal detachment or from optic atrophy due to prolonged optic disc
swelling [15]. In patients with macular edema, in addition to systemic management
of blood pressure, ocular adjuvant treatments that target vascular endothelial growth
factor (VEGF) reduction have come to the forefront. These anti-VEGF agents pre-
sumably act by reducing vascular permeability, and they reduce macular edema in
eyes with malignant hypertension. Although a few anecdotal reports available in the
literature have shown good visual outcomes, the routine use of such therapies war-
rants further research [16, 17].

Key Learning Points

* Retina provides a window to cerebral circulation in hypertensive patients.

» Hypertensive retinopathy is evaluated as indicator for organ damage.

e Malignant hypertension is a life-threatening medical emergency

e Arterial narrowing and arteriovenous (AV) nicking are the hallmark of long-
standing disease.

* New imaging software will provide non-invasive assessment of hypertensive
retinopathy.
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Mary E. Aronow

Abstract

Intraocular lymphoma encompasses a heterogeneous spectrum of lymphoid
neoplasms. These are extranodal, non-Hodgkin’s lymphomas, and the majority
are of B-cell origin. Historically, there have been several nomenclature and clas-
sification systems used to describe these intraocular neoplasms. At present, most
experts classify these entities based upon site of involvement and whether the
lymphoma is primary or secondary. Intraocular lymphoma can therefore be sub-
divided into: primary vitreoretinal lymphoma (PVRL), primary uveal lymphoma,
and secondary intraocular manifestations of systemic lymphoma. PVRL is a
high-grade, aggressive malignancy associated with central nervous system
involvement and poor survival rates despite treatment. Primary uveal lymphoma
is predominantly a low-grade, indolent lymphoma which may cause significant
ocular morbidity, but carries an overall favorable prognosis for survival. As all
forms of intraocular lymphoma can masquerade as infectious and inflammatory
conditions, establishing the diagnosis can be challenging. Clinical features alone
can be non-specific at times, therefore ancillary ophthalmic imaging and sys-
temic imaging studies are invaluable in facilitating the diagnostic work-up for
individuals with suspected intraocular lymphoma. Familiarity with the clinical
features as well as a comprehensive understanding of the unique patterns of sys-
temic involvement for each form of intraocular lymphoma is important in the
management of these diseases.
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15.1 Introduction

Intraocular lymphoma can be broadly classified based upon site of involvement and
whether the disease is primary or secondary. Intraocular lymphoma can be further
subdivided into: primary vitreoretinal lymphoma, primary uveal lymphoma, and
secondary intraocular manifestations of systemic lymphoma (Table 15.1). The vast
majority are non-Hodgkin’s B-cell lymphomas (rare T-cell variants exist). The dis-
tinction between forms of intraocular lymphoma is important, as the differential
diagnosis, patterns of systemic involvement, and treatment strategies vary for each
entity. Intraocular lymphoma frequently masquerades as inflammatory and infec-
tious processes, resulting in delay in diagnosis and initiation of treatment. In the

Table 15.1 Clinical and imaging features of intraocular lymphoma

Lymphoma Clinical features Subtype Imaging findings

Primary Frequently bilateral High-grade FA: granular “leopard-spot”

vitreoretinal vitreous cells retinal, DLBCL appearance

lymphoma sub-RPE infiltrates CNS (majority) ICG: hypofluorescent
involvement lesions in late phase

OCT: sub-RPE infiltration,
absence of macular edema

FAF: autofluorescence in

some cases
MRI brain: potential CNS
involvement
Primary uveal M>F usually unilateral Low-grade FA: foci of
lymphoma clear vitreous diffuse EMZL hyperfluorescence, staining
choroidal thickening (majority) in the late phase
exudative retinal ICG: hypofluorescence
detachment corresponding to observed
infiltrates

OCT: choroidal thickening,
“sea-sick” appearance
USG: choroidal thickening,
low internal reflectivity,
extrascleral extension in
some cases

Systemic imaging: excludes
potential systemic

involvement
Secondary Variable: choroidal Dependent Majority demonstrate
intraocular thickening iris infiltrates upon systemic | choroidal involvement with
lymphoma pseudohypopyon vitreous | NHL imaging findings similar to
cells uveal lymphoma

RPE retinal pigment epithelium, CNS central nervous system, DLBCL diffuse large B-cell lym-
phoma, FA fluorescein angiography, /CG indocyanine green angiography, OCT optical coherence
tomography, FAF fundus autofluorescence, MRI magnetic resonance imaging, M males, F females,
EMZL extranodal marginal zone lymphoma, USG ultrasonography, NHL non-Hodgkin’s
lymphoma
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following chapter, a discussion follows regarding each of the major forms of intra-
ocular lymphoma, including a description of the typical clinical features, recom-
mended examination and ancillary imaging investigations, patterns of systemic
involvement, treatment strategies, and prognosis.

15.2 Primary Vitreoretinal Lymphoma

Primary vitreoretinal lymphoma (PVRL) is considered a variant of primary central
nervous system lymphoma (PCNSL), with predominantly vitreoretinal involve-
ment. PVRL has previously been termed primary intraocular lymphoma (PIOL or
PCNSL-O), “reticulum cell sarcoma” and “microgliomatosis” [1, 2]. As the vitre-
ous and retina are the major site of involvement, PVRL is the preferred name for
this entity, particularly as earlier descriptors misleadingly suggest that the disease
arises from reticulum or microglial cells.

PCNSL is an aggressive diffuse large B-cell lymphoma associated with poor
survival (ranging from 1 to 8 years) depending upon factors such as Karnofsky per-
formance status and age [3]. PCNSL originates in the brain parenchyma, leptomen-
inges, spinal cord, and the eyes [4]. In the United States, the age-adjusted incidence
of PCNSL is 4.8 per million population [5]. As PVRL occurs as a subset of PCNSL,
the exact incidence is unknown due to the small number of cases. In the United
States, between 1999 and 2002, there were approximately 100 reported cases of
PVRL which illustrates the rare nature of this disease [6]. Co-existence of PVRL
with PCNSL is variable, with CNS disease manifesting prior to, at the same time of
ocular presentation, or following ocular diagnosis. Of those with PCNSL, approxi-
mately 25% will have PVRL at the time of CNS diagnosis [7]. In contrast, 56-90%
of individuals initially diagnosed PVRL will subsequently develop central nervous
system within 8-29 months of follow-up [8—13]. The peak incidence of PVRL is in
the fifth to seventh decades in immunocompetent individuals. In immunocompro-
mised patients, such as those with autoimmune deficiency syndrome (AIDS), PVRL
may occur at a younger age. The most common presenting symptoms are painless
decrease in vision and floaters [10]. Those who are asymptomatic may be diagnosed
during routine ophthalmic screening in the setting of known PCNSL. For PCNSL,
common presenting symptoms may include personality changes or cognitive
decline. Seizures are an unusual feature of this form of lymphoma.

15.2.1 Clinical Features

The hallmark clinical feature of PVRL is vitreous cells (Fig. 15.1a). Unlike more
typical cases of posterior uveitis, lymphoma cells within the vitreous cavity may
appear larger, and form sheets and/or clusters resulting in an “aurora borealis”
appearance [12]. Vitreous haze may be present. Yellow-to white retinal, and particu-
larly sub-retinal pigment epithelium (sub-RPE) infiltrates are characteristic.
Bilateral disease is present in 80% of cases, and is typically asymmetric [8]. Anterior
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Fig. 15.1 A 64-year-old male presented with vitritis and decreased vision unresponsive to ste-
roids. Soon after ocular presentation, he developed central nervous systemic lesions. Biopsy con-
firmed diffuse large B-cell lymphoma. Fundus photograph of the left eye demonstrates vitreous
haze and mild vitreous cells (a). Fluorescein angiogram demonstrates a “leopard spot” appearance
of the fundus (b). Indocyanine green angiography reveals hypofluorescent spots in the late phase
of the angiogram (c). Optical coherent tomography (OCT) shows hyperreflective, nodular, infil-
trate beneath the retinal pigment epithelium (d). Fundus autofluorescence demonstrates subtle
autofluorescence corresponding to these infiltrates (e)
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segment manifestations such as aqueous cells, keratic precipitates, and iris nodules
have been reported, however these findings are non-specific [14]. Other less fre-
quently reported features include perivasculitis [10], retinal artery occlusion [15],
exudative retinal detachment [16], multifocal “punched-out” lesions of the retinal
pigment epithelium (RPE) [17], disc edema, and optic atrophy [18]. Fundus photog-
raphy is helpful to document the initial clinical findings and response to therapy.

15.2.2 Differential Diagnosis

Delayed diagnosis is common in PVRL due to the non-specific ophthalmic manifes-
tations, many of which masquerade as inflammatory, infectious, and other neoplas-
tic entities. In a series of 32 individuals with histologically confirmed PVRL, the
average time between ocular symptoms and establishment of the diagnosis was
21 months [11]. The differential diagnosis includes such entities as sarcoidosis,
syphilis, tuberculosis, birdshot retinochoroidopathy, multifocal chorioretinitis,
acute posterior multifocal placoid pigmentary epitheliopathy (APMPPE), punctate
inner choroidopathy, and serpiginous choroiditis [19]. When subretinal or choroidal
involvement is present, other neoplastic entities such as metastases and potentially
amelanotic melanoma should be considered. In immunocompromised patients,
infections such as cytomegalovirus, toxoplasmosis, and pneumocystis choroiditis
should be included in the differential diagnosis.

15.2.3 Fluorescein Angiography (FA)

The FA features of PVRL are typical and include: granularity giving rise to a “leop-
ard spot” appearance to the fundus (Fig. 15.1b), blocked fluorescence, and late stain-
ing [20]. These features correlate histopathologically with clinically observed
lymphoma cells located between the RPE and Bruch’s membrane [20]. In contrast,
fluorescein angiographic features which are common in posterior uveitis such as
perivascular staining, vascular leakage, and petaloid leakage (cystoid macular edema)
rarely occur in PVRL [20]. In a series of 53 patients with histopathologically con-
firmed PVRL, the fluorescein angiographic features were compared to 133 individu-
als with simulating conditions (infectious uveitis, autoimmune-mediated uveitis, and
choroidal metastases) [21]. Small, round, hypofluorescent lesions (50-250 pm in
diameter) were observed in the posterior pole in the early to late phase of the FA in
45% of PVRL patients, however these findings were observed in only 2% of non-
lymphoma cases (p < 0.001) [21]. The FA features correlated with the clinically
observed small, subtle, white punctuate lesions scattered throughout the fundus.

15.2.4 Indocyanine Green (ICG) Angiography

In PVRL, the lymphoma cells are typically confined to the vitreous cavity and sub-
RPE space, rather than the choroid. ICG angiography is particularly useful in
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characterizing the choroidal circulation, however this modality still demonstrates
distinct features when compared to ICG angiograms obtained from individuals with
simulating posterior uveitis. Small, round hypofluorescent lesions (Fig. 15.1c) that
disappear in the later phase were observed in 26% of individuals with PVRL, but
only 9% of non-lymphoma cases (p = 0.014) [21]. It has been suggested that this
finding represents a reactive lymphocytic response within the choroid [22, 23].

15.2.5 Optical Coherence Tomography (OCT)

OCT findings are not diagnostic for PVRL, however they may be useful as an ancil-
lary imaging technique in differentiating PVRL from other simulating forms of pos-
terior uveitis. OCT has demonstrated that central foveal thickness is near normal in
individuals with PVRL (mean: 231 pum, standard deviation: 45 pm), in contrast to
the central foveal thickness in eyes with posterior uveitis in which foveal thickness
is frequently increased due to the presence of macular edema (mean: 327 pm, stan-
dard deviation: 114 pm) (p < 0.001) [21]. In this same series, hyperreflective, nodu-
lar RPE lesions (Fig. 15.1d) were observed on the OCT in 42% of patients with
PVRL compared to 15% of eyes with non-lymphoma diagnoses (p = 0.076) [21].

15.2.6 Fundus Autofluorescence (FAF)

While FAF is not routinely used in the work-up of PVRL, it may potentially high-
light some unique features. In one series of five eyes, sub-RPE infiltrates exhibited
weak autofluorescence (Fig. 15.1e) by FAF [24]. Brownish clumps on the surface
of these lesions revealed bright autofluorescence. In contrast, diffuse retinal infil-
trates or retinal whitening showed hypoautofluorescence. This method is useful in
characterizing regions of RPE atrophy that appear hypoautofluorescent following
therapy [24].

15.2.7 Additional Diagnostic Testing

As clinical findings are often non-specific, biopsy is the gold standard for definitive
diagnosis of PVRL [25-29]. An exception is in setting of established PCNSL, with
classic ocular findings. In these cases, the diagnosis of PVRL is straightforward,
and most experts would concur that ocular biopsy is unnecessary for initiation of
treatment. Collaboration with a cytopathologist with experience in diagnosing lym-
phoma is ideal. The majority of cases of PVRL are aggressive, diffuse large B-cell
lymphoma (DLBCL). In a multi-center retrospective review of 221 patients with
histologically confirmed PCNSL with ocular involvement, the subtype was deter-
mined to be DLBCL in 73%, T-cell in 2%, and type not specified in the remaining
25% [30]. Cytology demonstrates typical features. The cells in PVRL are 2—4 times
larger than normal lymphocytes, demonstrate pleomorphism, and contain scant
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cytoplasm [28]. The nuclei are large and may be round or oval-shaped, with con-
spicuous nuclear membranes, finger-like protrusions, and multiple, prominent,
eccentrically located nucleoli. Mitotic figures are characteristic [28]. Electron
microscopy demonstrates intranuclear inclusions, cytoplasmic crystalloids, pseu-
dopodal cytoplasmic extensions, cytosomes, and autophagic vacuoles [31].

Several biopsy techniques can be employed to confirm diagnosis: vitreous
biopsy, retinal biopsy, and sub-retinal biopsy. A common approach is to perform
diagnostic 23-Gauge pars plana vitrectomy. Alternatively, 25-Gauge sutureless vit-
rectomy may be used for improved patient comfort and shorter operative times [27].
Proper surgical technique and handling of vitreous biopsy specimens are essential
for optimizing diagnostic accuracy. Vitreous aspirates are typically have low cellu-
larity and lymphoma cells are inherently fragile, making them prone to lysis at the
time of sample collection. Biopsy techniques vary by treatment center. A frequently
described approach is to procure an undiluted vitreous biopsy (approximately
1-2 mL) before the start of the saline infusion [25, 32]. Next, the saline infusion is
initiated, and a second, dilute vitreous sample is procured in a separate syringe [33].
The vitreous cassette can also be submitted as an additional sample [27]. If fresh
(unfixed) samples will be analyzed, the biopsy material should be sent to the labora-
tory within one hour of collection [25]. It is common for multiple vitreous biopsies
to be performed to establish the correct diagnosis.

When sub-retinal infiltrates are the predominant clinical feature, a retinal or sub-
retinal biopsy may be preferred. Subretinal biopsy techniques have been previously
described in detail [34]. Briefly, a core vitrectomy is performed to allow entry into
the subretinal space. Vitreous separation is induced and a thorough vitrectomy is
then performed overlying the optimal biopsy site. The retina is incised to create an
opening just large enough to allow entry of the vitreous cutter. Suction tubing is
advanced through the retinectomy site and with a gentle cutting action, several sam-
ples are removed for analysis. Subretinal aspirates should be put into a cytofixative,
such as herpes-glutamic acid buffer mediated organic solvent protection effect
(H.O.P.E.) fixative or Cytolyt® (Cytyc Corporation) [25]. In a series of 84 patients
who had undergone an initial pars plana vitrectomy without definite diagnosis, addi-
tional chorioretinal biopsy with analysis by immunohistochemistry and polymerase
chain reaction (PCR) gene rearrangement studies was performed in three patients
and confirmed the diagnosis of PVRL in all three [35].

Supplemental techniques can be helpful for diagnostic confirmation of
PVRL. Immunohistochemistry is useful for identifying markers for leukocytes
(CD45), B-cells (CD20, CD79a, PAX-5), T-cells (CD45RO), and macrophages
(CD68) [25]. Additionally, clonal cell populations can be established with antibod-
ies directed against k and A light chains [28]. Flow cytometry provides a quantitative
means by which to assess the proportion of cells that demonstrate these immunohis-
tochemical markers. PCR gene rearrangement can detect monoclonality of the
heavy chain variable (V), diversity (D), and joining (J) immunoglobulin gene seg-
ments. While supplementary studies may be helpful in establishing the diagnosis of
PVRL, the small volume of vitreous aspirates is frequently inadequate for PCR
analysis [36, 37]. PCR may be most successful in tissue specimens in which DNA
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has been isolated by laser capture microdissection [36]. The measurement of IL-6
and IL-10 in aqueous or vitreous samples can also be helpful in establishing diag-
nosis, however an elevated IL-10/IL-6 ratio alone is not specific for PVRL [38, 39].
More recently, MYD88 mutations have been shown to be highly associated with
PVRL. Identification of this mutation may in the future improve diagnostic accu-
racy [40].

15.2.8 Systemic Imaging and Evaluation

Due to the association between PVRL and PCNSL, individuals with ophthalmic
disease should undergo systemic screening by an oncologist. In confirmed cases of
PVRL, MRI of the brain with and without contrast should be performed to exclude
central nervous systemic involvement. When CNS involvement is present, the
lesions tend to be located in a periventricular distribution; this allows access to the
cerebrospinal fluid (CSF) and leptomeninges. Leptomeningeal involvement occurs
in 40% of cases [41]. Lumbar puncture may be obtained in selected cases depending
upon local practice patterns. CSF samples that are positive typically demonstrate
pleocytosis, elevated protein levels, and low or normal glucose. Cytologic identifi-
cation of malignant lymphoma cells in the CSF is diagnostic. Flow cytometry is the
most sensitive and specific marker of PCNSL [42]. Additional diagnostic imaging
may include computed tomography scan of the chest, abdomen, and pelvis, testicu-
lar ultrasound (in elderly men), and HIV testing in the appropriate setting.

15.2.9 Treatment

PVRL is rare disease and therefore formal treatment consensus guidelines have not
been established. Current therapeutic regimens vary depending upon patient factors
and local expertise. When disease is limited to the eye and is unilateral, intravitreal
therapy with either methotrexate or rituximab (or combination therapy) has been
shown to be effective [43, 44]. Prior to the use of intravitreal chemotherapy, external
beam radiotherapy (EBRT) was used as first line therapy. At present, the role of
EBRT in patients with isolated ocular disease is controversial. EBRT remains a
potentially important therapeutic option in patients with bilateral involvement,
those who are unable to tolerate intravitreal chemotherapy, and in individuals who
are unable return to clinic for multiple injections. In the present era, EBRT is
reserved for patients under age 65 years, due to the concern for neurotoxicity in
older individuals. In patients with both ocular and CNS disease, the majority are
treated with high-dose intravenous chemotherapy. Methotrexate (8 g/m?) is fre-
quently used, either as monotherapy or as part of a combination regimen. There is
consensus that regimens containing high-dose methotrexate, in combination with or
without whole brain radiation therapy (WBRT) result in more successful control
than regimens that do not contain high-dose methotrexate. Blood—brain barrier dis-
ruption (BBBD) has also been used successfully [45].
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15.2.10 Prognosis

PVRL is a high-grade, aggressive lymphoma with poor prognosis. The majority of
individuals (56-90%) ultimately develop CNS disease [11-13]. In a multicenter,
retrospective study of 221 individuals with CNS lymphoma with vitreoretinal
involvement, median progression-free survival and overall survival were 18 and
31 months, respectively [30]. Favorable prognostic factors include: age less than
60 years and high initial Karnofsky performance status. Poor prognostic indicators
include: involvement of the brainstem and leptomeningeal disease. Vitreoretinal
involvement concurrent with CNS disease does not seem to be a prognostic factor
[46]. While current retrospective studies have shown that ocular treatment improves
disease control and patient symptoms, no survival benefit from ocular therapy has
yet been demonstrated [30].

15.3 Primary Uveal Lymphoma

Primary uveal lymphoma is classified based on the site of predominant uveal
involvement as: choroidal, iridal, and ciliary body lymphoma. The majority of cases
are primary choroidal lymphoma. This is generally a low-grade B-cell lymphoma
with an indolent, benign course. Most uveal lymphoma are morphologically similar
to extranodal marginal zone lymphoma (EMZL) that involves other systemic sites.
Primary iridal lymphoma can be of either B-cell or T-cell origin. These are rare
tumors, therefore the incidence of primarily iridal and ciliary body lymphoma is
unknown. There are approximately 70-80 case published reports and small series of
primary choroidal lymphoma [47].

15.3.1 Clinical Features

Primary uveal lymphoma is most frequently a unilateral disease. When bilateral, the
findings may be highly asymmetric. There is a male predominance, and most cases
occur in the fifth to seventh decade. Symptoms can include painless, decreased
vision, and metamorphopsia due to exudative retinal detachment. In advanced cases,
pain and severely decreased vision may result from secondary angle-closure glau-
coma. When extraocular extension is present, proptosis and diplopia can occur. A
classic fundoscopic finding is the presence of either a placoid choroidal infiltrate, or
multiple small, yellow, creamy choroidal infiltrates (Fig. 15.2a). In contrast to
PVRL, the vitreous media remains clear. Diffuse thickening of the uveal tract may
develop and can be associated with exudative retinal detachment. Occasionally,
there may be episcleral extension appearing as a non-mobile “salmon” patch. There
is frequent overlap between uveal and ocular adnexal lymphoma [48]. Ocular
adnexal lymphoma and uveal lymphoma are similar morphologically and both fol-
low an indolent course in most cases. For this reason, some experts consider uveal
lymphoma to be a variant of ocular adnexal lymphoma [49].
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Fig. 15.2 A 72-year-old female was found to have multiple, bilateral, creamy choroidal infiltrates
(a), which appeared as hypofluorescent foci on ICG (b)

15.3.2 Differential Diagnosis

The differential diagnosis of uveal lymphoma is broad and includes: the diffuse
form of amelanotic uveal melanoma, uveal effusion syndrome, inflammation
such as posterior scleritis, and choroidal metastases. Diffuse uveal melanoma
can usually be distinguished based upon its pigmented appearance (although it
may be amelanotic in some cases), presence of vascularity, and faster growth rate
[50]. Uveal effusion syndrome is frequently bilateral, is associated with dilated
episcleral vessels, and tends to occur in individuals with short axial lengths.
Posterior scleritis is more common in women and is associated with autoimmune
disease. Posterior scleritis also has characteristic ultrasonographic features such
as high internal reflectivity and a classic “T-sign” on B-scan. In patients with
choroidal metastases, there is frequently a prior history of malignancy.
Additionally, B-scan ultrasonography typically confirms medium internal
reflectivity.

15.3.3 Fluorescein Angiography (FA)

Fluorescein angiography may be non-specific as an ancillary imaging study for
uveal lymphoma as it primarily defines features of the retinal circulation. In
some cases, angiography may demonstrate early hypofluoresence with multiple
foci of hyperfluorescence and staining in later phases of the angiogram. These
angiographic features correlate with the clinically observed choroidal
infiltrates.
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15.3.4 Indocyanine Green (ICG) Angiography

ICG angiography provides a superior means for characterizing the choroid in com-
parison to FA, and is therefore the preferred imaging modality for uveal lymphoma.
Multiple, round, hypofluorescent lesions (Fig. 15.2b) are typical and correspond to
the areas of non-perfusion secondary to the clinically observed space-occupying
choroidal infiltrates.

15.3.5 Optical Coherence Tomography (OCT)

OCT, particularly spectral-domain OCT may reveal choroidal thickening, choroidal
folds, and an undulating “sea-sick” appearance (Fig. 15.3a, b) of the choroid [51].
Overlying exudative retinal detachment may be apparent on OCT. Enhanced depth
imaging (EDI) OCT is particularly useful in characterizing choroidal features.

15.3.6 Ultrasonography

B-scan ultrasonography reveals variable uveal thickening. A-scan ultrasonography
demonstrates low internal reflectivity. In addition to characterizing the size and
extent of intraocular involvement, ultrasonography is useful in detecting occult
extra-scleral extension (Fig. 15.3c). The extra-scleral component may appear as
crescentic thickening outside the posterior scleral margin, or as a discrete mass
(often near the optic nerve) [48]. Detection of extra-scleral disease is important as
this provides a potential site for biopsy to confirm the diagnosis.

15.3.7 Additional Diagnostic Testing

As with other forms of intraocular lymphoma, biopsy remains the gold standard for
establishing the diagnosis. Biopsy of the episcleral tumor nodule or choroidal aspi-
rates may confirm diagnosis. Histopathologically, most cases of primary choroidal
lymphoma are of the EMZL subtype. The lymphoma cells are usually centrocyte-
like, monocytoid, and plasmacytoid type. Dutcher bodies, which are collections of
intranuclear immunoglobulin, can be seen. Immunohistochemistry confirms expres-
sion of B-cell antigens (CD20 and CD-79a). Gene rearrangement studies or flow
cytometry is supportive and can confirm the clonal nature of cell populations.

15.3.8 Systemic Imaging and Evaluation

Neuroimaging, including computed tomography and particularly magnetic reso-
nance imaging of the orbits, may confirm uveal thickening. Neuroimaging is par-
ticularly useful for the detection of occult extra-scleral or orbital involvement,
which as previously described, may also be observed on ultrasonography.
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Fig.15.3 A 67-year-old
male with a known history
of systemic
lymphoplasmacytic
lymphoma developed
secondary intraocular
manifestations. Fundus
photograph of the left eye
demonstrates a placoid
area of amelanotic
choroidal thickening (a).
OCT reveals diffuse
choroidal thickening and a
“sea-sick” appearance of
the choroid (b). B-scan
ultrasonography detected
occult extra-scleral
extension (c¢)
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Prior to initiation of localized treatment for uveal lymphoma, it is important to
perform systemic imaging and laboratory studies to fully evaluate for the possibility
of systemic involvement. Systemic evaluation varies by center and local expertise,
but imaging studies may include: computed tomography or MRI of the neck, chest,
abdomen, and pelvis. Laboratory evaluation may include: complete blood count,
and serum protein electrophoresis, among others [52].

15.3.9 Treatment

When disease is limited to the choroid and/or uveal tract, management consists
primarily of low-dose intensity-modulated radiotherapy (IMRT) alone (dose ranges
from 23-36 Gy). When systemic disease is present, patients can be treated with
chemotherapy or monoclonal antibody therapy (rituximab). In some cases, if sys-
temic disease is minimal and asymptomatic, observation may be appropriate. In
cases where systemic disease is more widespread, the lymphoma subtype is more
aggressive, or the disease burden is causing symptoms, then various systemic thera-
pies are available. Chemotherapy with combination rituximab, cyclophosphamide,
doxorubicin, vincristine, and prednisone (RCHOP) is utilized for widespread sys-
temic disease and more aggressive subtypes of lymphoma. Intravenous administra-
tion of rituximab may also be useful for cases of bilateral ocular involvement.
Staging at the time of initial diagnosis and periodic systemic surveillance are impor-
tant in monitoring response to therapy. Ideally, patients should be followed by a
multidisciplinary team including an ocular oncologist, or ophthalmologist familiar
with lymphoma, and a medical oncologist.

15.3.10 Prognosis

While there can be significant ocular morbidity associated with uveal lymphoma, over-
all mortality related to this condition is quite low and similar to age-matched controls
without this disease [48]. Similar to ocular adnexal lymphoma, most uveal lymphoma
are of the EMZL subtype. EMZL is typically a slowly progressive, indolent lymphoma
which most often demonstrates an excellent response to treatment including radiation,
chemotherapy, and monoclonal antibody therapy [48]. In one series of 13 eyes with
biopsy proven primary choroidal lymphoma, systemic lymphoma eventually devel-
oped in two cases (3 and 7 years after the initial ocular diagnosis) [53].

15.4 Secondary Intraocular Manifestations of Systemic
Lymphoma

Intraocular lymphoma secondary to systemic lymphoma most frequently involves
the uveal tract. The clinical features are therefore similar to primary uveal lymphoma
[54]. Retinal involvement without choroidal infiltration can rarely occur [54]. Other



244 M.E. Aronow

unusual presentations of secondary intraocular lymphoma include: pseudohypopyon
(layered lymphoma cells) and iris infiltration [55, 56]. While exceptionally rare, iri-
dal lymphoma secondary to systemic non-lymphoma is probably more common than
primary iridal lymphoma [47]. Diffuse large B-cell lymphoma is the most frequent
subtype of systemic lymphoma associated with intraocular lymphoma. This is fol-
lowed by multiple myeloma, extramedullary plasmacytoma, lymphoplasmocytic
lymphoma/immunocytoma, and marginal zone B-cell lymphoma [54]. The morpho-
logic and immunophenotypic features of secondary choroidal lymphoma are similar
to its primary systemic counterpart. Initial staging evaluation and collaboration with
an experienced oncology team are ideal in the management of individuals with sys-
temic lymphoma with intraocular involvement.

15.5 Future Remarks

Intraocular lymphomas are a heterogeneous group of diseases. Each of the major
forms: primary vitreoretinal lymphoma, primary uveal lymphoma, and secondary
intraocular manifestations of systemic lymphoma are rare disease. Future efforts are
needed to characterize these entities, in particular to further understand the relation-
ship between ocular and systemic disease. It has been hypothesized that PVRL may
originate from late-germinal center or post-germinal center lymphoid cells, how-
ever the neurotropic mechanisms that cause these cells to localize to the CNS is not
well understood [57]. Human studies are not well suited for the investigation of
intraocular lymphoma pathogenesis or treatment strategies because of the rare
nature of the disease. Additionally, the variable presentation, limited volume of
available ocular fluids, and fragility of lymphoma cells are challenges in studying
these orphan diseases. Animal models have been helpful in the study of lymphoma
pathogenesis and investigation of potential therapeutic strategies. The challenge in
murine models for intraocular lymphoma is in replicating the clinical features, the
behavior of the disease course, molecular profile, systemic immunity, and the
microenvironment in humans.

In all fields of oncology, including ophthalmic tumors, there has been a recent
trend towards applying standardized staging systems. Among these, a tumor-node-
metastasis (TNM) staging system has been developed for ophthalmic neoplasms
including ocular adnexal lymphoma and uveal melanoma under the guidance of the
American Joint Committee on Cancer (AJCC) [58, 59]. TNM staging has not yet
been developed for intraocular lymphoma. Ideally, a universal staging system of this
form could be developed in order to facilitate characterization of the clinical and
histomorphologic features of these lymphomas that are of prognostic significance,
and to assess treatment outcomes.

Key Learning Points
¢ Intraocular lymphoma can be classified as primary vitreoretinal lymphoma, pri-

mary uveal lymphoma, and secondary intraocular manifestations of systemic
lymphoma.
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Primary vitreoretinal lymphoma is an aggressive malignancy associated with pri-
mary central nervous system lymphoma and poor survival.

Primary uveal lymphoma most frequently affects the choroid and is generally a
low-grade, indolent lymphoma. While there can be significant ocular morbidity
associated with this condition, overall survival is generally excellent.

Secondary intraocular manifestations of systemic lymphoma bear clinical resem-
blance to uveal lymphoma. The choroid is most frequent affected site.
Morphologically, the lymphoma mirrors its primary systemic counterpart.
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Ocular Manifestations of Closed-Globe 1 6
(Blunt) Ocular Trauma

Judy J. Chen and William F. Mieler

Abstract

Closed-globe blunt ocular trauma is a major medical, epidemiologic, and eco-
nomic concern due to the high risk of severe vision loss. Types of closed-globe
trauma can be divided into two categories: direct and indirect. Direct trauma
includes traumatic retinal tear, detachment, and dialysis, traumatic macular hole,
commotio retinae, contusion of the retinal pigment epithelium, choroidal rup-
ture, chorioretinitis sclopetaria, and optic nerve avulsion. Indirect ocular trauma
includes Valsalva retinopathy, solar and laser-induced retinopathy, Terson syn-
drome, Purtscher retinopathy, shaken baby syndrome, fat embolism syndrome,
and whiplash retinopathy. Awareness of these conditions may help increase early
detection and prevent reversible vision loss.

16.1 Introduction

Ocular trauma is a major epidemiologic concern due to the highly dependent nature
of our society on visual information and interaction. Studies estimate that there are
close to 2.5 million eye injuries per year [1] in the United States and over 55 million
eye injuries restricting activities for more than one day world-wide [2], with the
cumulative lifetime presence of eye injuries estimated at 1,400 per 100,000 popula-
tion [3]. Even more devastatingly, a study utilizing data from the United States Eye
Injury Registry (USEIR) found that the median age of patients with legal blindness
(defined as worse than 20/200 vision) from trauma was 26 years of age [4]. This
condition therefore affects people during the most productive years of their lives
with lasting consequences.
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Table 16.1 Closed-globe Direct ocular or periocular trauma
(blunt) ocular injuries

Traumatic retinal tears, detachment, and dialysis

Traumatic macular hole

Commotio retinae (Berlin’s edema)

Contusion of the retinal pigment epithelium

Choroidal rupture

Chorioretinitis sclopetaria

Optic nerve avulsion

Indirect ocular trauma

Valsalva retinopathy

Solar (and laser-induced) retinopathy

Terson syndrome

Purtscher retinopathy

Shaken baby syndrome

Fat embolism syndrome
Whiplash retinopathy

Of all ocular injuries, approximately 40% are closed-globe (blunt) injuries.
Although closed-globe injuries are associated with an overall better prognosis than
open-globe injuries (penetrating, perforating, and intraocular foreign body), Kuhn
et al. found that 23.1% of patients suffering an ocular contusion had a final visual
acuity less than 20/200. The high burden of disease and the severity of visual impair-
ment make it imperative for eye physicians to educate themselves and their com-
munities about this preventable condition. Additionally, ophthalmologists should
learn to recognize the manifestations of closed-globe ocular trauma, in order to
facilitate appropriate treatment and prevent further visual loss.

The various types of closed-globe (blunt) ocular trauma, direct and indirect, are
listed in Table 16.1.

16.2 Closed-Globe Trauma (Direct Ocular or Periocular)
16.2.1 Traumatic Retinal Tears, Detachment and Dialysis

One of the most common manifestations of closed-globe ocular trauma is a retinal
tear, detachment, and/or dialysis. It is estimated closed-globe ocular trauma accounts
for 10-19% of all phakic detachments [5-7].

Several studies have demonstrated that ocular trauma occurs primarily in younger
patients and is more common among males. Goffstein and Burton’s review of 586
primary phakic detachments reported that the mean age of trauma-associated
detachments was 28 years whereas non-traumatic cases had a mean age of onset of
53 years [7]. Seventy eight percent of traumatic detachments occurred in males
compared to 48% of spontaneous cases. Cox et al. [8] reported a similar age and
gender distribution. In addition, myopic eyes appeared to have a particular predis-
position to retinal detachment following trauma.
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Retinal dialyses are the most common form of retinal break leading to a traumatic
retinal detachment. Such dialyses occur when ocular contusion produces a sudden
anteroposterior compression of the globe, which results in a lateral expansion of the
equatorial region and disinsertion or tearing of the retina. Clinically, traumatic dialy-
ses most commonly occur in the inferotemporal or superonasal quadrants. Cox found
that superonasal dialysis was the most common, followed by inferonasal dialysis,
and occurred in 38% and 27% of 143 affected eyes, respectively [8]. Goffstein and
Burton’s study reported that dialyses occurred in the inferotemporal quadrant in 31%
of 111 traumatized eyes and only 22% in other quadrants [7].

Other types of retinal defects can also lead to traumatic retinal detachment.
Goffstein and Burton reported flap tears in 11% of cases (Fig. 16.1), tears in regions
of lattice degeneration in 8%, and giant retinal tears in 16% [7] (Fig. 16.2). Cox and
Schepens discovered retinal holes without apparent vitreous attachments in 36% of
eyes [8], as well as avulsion of the vitreous base in 26% of eyes, which the authors
considered pathognomonic for ocular trauma. High contact sports such as boxing
can predispose patients to retinal breaks and detachments, with the reported inci-
dence of retinal tears in boxers as high as 24% [9, 10].

Determination of whether trauma was the cause of a retinal detachment can
oftentimes be difficult, especially since there may be a significant delay between the
insult and detection of the detachment. Johnston reported that the retinal break or
detachment was diagnosed within 24 hours in only 31% of cases, while 64% were
diagnosed within the first 6 weeks; overall the retinal detachment rate was 84% in
patients with contusion related breaks [11]. Factors that suggest a traumatic etiology
for a retinal detachment include: (1) objective evidence of trauma, (2) unilateral
pathology, (3) age less than 40 years, (4) giant retinal tear or dialysis, and (5) a latent
interval of less than 2 years.

Peripheral retinal tear s/p SBP

Fig. 16.1 Color photograph (right eye) showing a superotemporal peripheral retinal tear/detach-
ment (a), which was subsequently treated with a scleral buckle (b) (Courtesy of Steven G Schwartz,
MD, Naples, FL)
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Fig. 16.2 Color
photograph (right eye)
revealing a 210° giant
retinal tear following a
closed-globe injury. The
retina was repaired via a
pars plana vitrectomy, with
restoration of vision to
20/60

Fig. 16.3 Color
photograph (right eye)
showing a localized
inferonasal peripheral
retinal tear/detachment,
demarcated by
photocoagulation
(Courtesy of Steven G
Schwartz, MD, Naples,
FL)

Treatment of traumatic retinal tears includes standard laser and cryopexy
(Fig. 16.3). Retinal detachments may be treated with scleral buckling (Fig. 16.1),
vitrectomy with air/gas tamponade (Fig. 16.2) or silicone oil, or pneumatic retino-
pexy. Overall the anatomic success rate and final visual acuity for traumatic retinal
detachments are similar to non-traumatic cases, except in the case of giant retinal
tears, where the anatomic success rate is lower, with published rates between 66%
and 89% [12, 13].
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16.2.2 Traumatic Macular Hole

Trauma is a well-recognized etiology for full-thickness macular holes, accounting
for 9% of all macular holes and having been found in up to 6% of traumatized eyes
[8] (Fig. 16.4). Unlike age-related macular holes in which tangential vitreofoveal
traction leads to hole formation, the mechanism of traumatic macula hole formation
is less well understood. It is thought that the unique anatomical arrangement of the
normal fovea devoid of inner retinal layers and capillaries predisposes the area to
the development of a full-thickness hole after trauma. A combination of mecha-
nisms such as contusion related necrosis, vitreous traction, and subfoveal hemor-
rhage have also been proposed as possible causes [14].

The natural history of traumatic macular holes is well documented in various
case series. Yamashita et al. [15] described a series of 18 patients with traumatic
macular holes in which eight achieved spontaneous closure of the hole within
4 months after trauma with associated visual acuity improvement (Fig. 16.5). More
recently, Miller et al. [16, 17] at the Massachusetts Eye and Ear Infirmary reported
a series of 28 patients with traumatic macular holes in which 11 (39.3%) closed
spontaneously, with median time to hole closure of 5.6 weeks (range 1.7—
67.3 weeks). They found that younger patients with smaller holes were more likely
to achieve spontaneous closure. Based on this data, they recommend observation for
3 months after presentation before surgical intervention.

In patients who do not achieve spontaneous closure of traumatic macular holes,
several series have reported favorable results from surgical intervention. A few earlier
studies described the use of adjuvants to encourage hole closure. Rubin et al. [18]
reported a series of 12 patients managed with vitrectomy and TGF-B2. In this series,

Fig. 16.4 Color
photograph (right eye)
documenting a large
traumatic macular hole,
surrounded by a cuff of
subretinal fluid. Traumatic
macular holes tend to be
larger than age-acquired
macular holes
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Fig.16.5 Color
photograph and SD-OCT
(right eye) of a patient (a)
with an acute closed-globe
injury where he sustained a
large macular hole with
subretinal hemorrhage and
a peripheral retinal
dialysis. VA was hand
motions. The macular hole
was observed and by

1 week (b), the hole had
spontaneously closed. With
additional time (¢), the
subretinal hemorrhage also
resorbed, and vision
improved to 20/100
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eight (67%) were closed after one procedure and 11 (92%) were successful with addi-
tional intervention. Visual acuity improved by two or more lines in eight (67%)
patients, with six (50%) achieving a visual acuity of 20/40 or better. Using platelet
concentrate, Garcia-Arumi et al. [19] treated eyes with a mean pre-operative visual
acuity of 20/80 and achieved closure in 13 of 14 eyes (93%), with improvement of
four or more lines of vision in successful cases and a final mean visual acuity of 20/30.

More recent studies have shown excellent outcomes without the use of adjuvants,
including several that have reported a >90% closure rate of traumatic macular holes
with standard pars plana vitrectomy and gas tamponade, and greater than 80%
improvement of two or more lines in visual acuity [20, 21] (Fig. 16.6). While C;F
is more frequently used, one study by Amari et al. [22] using SFs tamponade

Fig. 16.6 Color photograph (left eye) of a traumatic macular hole (a), with a mild amount of reti-
nal hemorrhage as well (a, b). After 2 months of observation, the macular hole was surgically
repaired via pars plana vitrectomy surgery, with peeling of the ILM (c¢), and visual acuity improved
to 20/80
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reported a similar mean visual acuity improvement albeit with a lower initial ana-
tomic hole closure rate of 70% (16/23). Another study comparing silicone oil tam-
ponade and C;F; gas found a significantly lower hole closure rate with oil (66.67%
vs. 92.3%) [23].

Surgical treatment of traumatic macular holes, like that of age-related macular
holes, appears to be highly successful and should be considered after a short period
of observation (Fig. 16.6). Since these patients are typically young in age, the sur-
geon should be prepared to address a firmly adherent posterior hyaloid.

16.2.3 Commotio Retinae (Berlin’s Edema)

Commotio retina (Berlin’s edema) was first reported by Berlin in 1873 [24] to
describe a grayish-whitening that primarily affects the outer retina after closed-
globe ocular trauma (Fig. 16.7). There may also be varying degrees of retinal hem-
orrhage. Using an elastic stick, Berlin was able to produce commotio-like lesions in
rabbits experimentally and concluded that the retinal changes were from extracel-
lular retinal edema [24]. It most commonly occurs following direct blunt trauma to
the globe, such as with a paintball [25] or soccer ball [26].

Early histopathologic data suggested that the injury from commotio retinae was
related to disruption of the outer retina. Different authors have published data dem-
onstrating disruption of photoreceptor outer segments [27], intracellular edema
within glial cells [28], and fluid filled spaces in outer retinal layers [29]. Mansour
et al. [30] examined an enucleated eye less than 24 hours post injury and found only
photoreceptor outer segment disruption and apical RPE cell damage without dam-
age to intercellular junctions or the rest of the retina. Minimal intraretinal albumin
was seen, suggesting only slight breakdown in the blood-retinal barrier.

Fig. 16.7 Color
photograph (left eye) of a
patient who sustained a
closed-globe injury, with
resultant extensive retinal
whitening, intraretinal and
pre-retinal hemorrhage,
compatible with commotio
retinae. The findings
gradually normalized, and
as the macula was not
involved, the patient did
well visually
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The clinicopathologic progression of commotio was further elucidated by
Sipperly et al. [31]. Using experimentally traumatized owl monkeys, they found that
retinal opacification occurred within 4—12 hours following injury and correlated
histopathologically with disruption of photoreceptor outer segments. Twenty-one
hours post injury, the outer segments were phagocytosed by the RPE and the inner
segments demonstrated severe mitochondrial degeneration. Migration of RPE cells
into the outer retina was seen at 48 hours and eventually multiple layers of RPE
formed on Bruch’s membrane. In areas of severe injury, outer segments did not
regenerate and inner segments were in direct apposition to the RPE. Generalized
thinning of the outer nuclear and plexiform layers followed. At no point did any
discernible extracellular or intracellular edema occur. Pulido and Blair [32] also
found no evidence of blood-retina barrier disruption in their evaluation of ten
affected patients with vitreous flouorophotometry.

Clinically, the retinal changes of commotio may affect any part of the retina,
from the posterior pole to extensive areas of peripheral retina. These findings may
also be associated with choroidal rupture and pre-retinal, intra-retinal, or sub-retinal
hemorrhages [33]. Visual acuity may range from 20/20 to 20/400 and does not cor-
relate with the degree of retinal whitening, which may be so severe as to give the
appearance of a cherry red spot in the macula [34] (Fig. 16.8). On fluorescein angi-
ography, regions of opaque retina block the background choroidal pattern, exhibit-
ing intact capillary perfusion without leakage [35]. Over several days, the retinal
whitening clears spontaneously (Fig. 16.8).

Visual prognosis depends upon the extent of the injury. If only the photoreceptor
outer segments are involved, these will often regenerate, restoring normal retinal
structure and function [30, 31]. In other cases, permanent visual decrement may
occur despite a normal appearing retina, or in the setting of cystic macular changes,
partial or full thickness macular hole, or secondary to traumatic retinal pigmentary

Acute injury Two months later

Fig. 16.8 Color photograph (left eye) of a patient (a) who was involved in a motor vehicle acci-
dent, where there was deployment of an air bag. Acutely, retinal whitening and hemorrhages were
seen, compatible with commotio retinae. After 2 months, the commotio had resolved (b), leaving
behind mild macular pigment epithelial mottling
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Acute injury Two months later

Fig. 16.9 Color photograph (left eye) of a patient (a) who sustained a hockey stick injury, with
resultant commotio retinae. By 2 months, significant reactive hyperplastic retinal pigmentary
changes had developed (b), which limited vision on a permanent basis

disruption (Fig. 16.9). In general, areas of commotio retinae are observed and moni-
tored for resolution, and intervention is only recommended for complications such
as development of a macular hole.

Clinical examination with optical coherence tomography (OCT) imaging reaf-
firms that commotio retinae is associated with disruption of photoreceptors rather
than true retinal edema, and may be used to follow recovery. Souza-Santos et al.
[36] performed OCT imaging on 11 eyes and found that mild lesions with good
visual outcome showed transient hyperreflectivity of the outer retina while those
with severe trauma and poor visual prognosis exhibited acute disruption of the
inner/outer segment junction in addition to hyperreflectivity of the overlying retina.
Therefore, OCT imaging in these cases may not only be useful in describing the
extent of the initial trauma, but also in follow-up during recovery and in estimating
final visual outcome.

16.2.4 Contusion of the Retinal Pigment Epithelium

Blunt ocular trauma may cause RPE contusion and tears in association with other
retinal findings, as part of the spectrum of posterior segment manifestations of non-
penetrating ocular trauma.

Patients will develop retinal pigment epithelial cell edema and an overlying
serous retinal detachment acutely, as reported by Friberg [37] (Fig. 16.10). Forty-
eight hours after the injury, there was noted to be a cream colored discoloration.
Fluorescein angiography demonstrated late RPE staining without retinal or pigment
epithelial elevation in association with a transmission defect corresponding to a
macular hole. Within 2 weeks, the areas of pigment epithelial staining began to
depigment and 5 months after injury, pigment clumping and RPE atrophy were
notable clinically, with corresponding transmission defects without leakage seen on
repeat angiography (Fig. 16.11).
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Fig. 16.10 Color
photograph (right eye) of a
patient who sustained a
closed-globe injury, and
developed a shallow serous
detachment, which
gradually subsided
spontaneously

Fig. 16.11 Color photograph (a) and fluorescein angiogram (left eye) (b) documenting a contu-
sive injury to the eye, with resultant retinal pigment epithelial mottling, as seen clinically and
angiographically

Histologic and microscopic examinations of animal and human models of RPE
contusion further help elucidate the changes caused by blunt trauma. Blight and
Hart [27] examined the eyes of experimentally traumatized pig eyes and reported
that, in addition to disrupted photoreceptor outer segments, electron microscopy
revealed ruptures in the inner membranes of the RPE cells with associated intra-
cellular edema. In their examination of a human case, Mansour et al. [30] noted
that RPE damage was manifested by loss of apical processes, disruption of the
plasma membrane and formation of multiple microcystic spaces. The damage was
localized along the apical surface with no visible damage to the intercellular junc-
tions or remainder of the cell. The observation that serous retinal detachment may
sometimes accompany acute RPE injury probably relates to associated RPE dys-
function [38].
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RPE tears may also occur following blunt trauma. Levin et al. [39] reported
horizontal parafoveal RPE tears in two patients without evidence of pre-existing
RPE detachments. Fluorescein angiography revealed mottled window defects in
the region of the tears with associated blocking defects from the rolled up
RPE. The authors proposed that the tears were caused by rapid spherical expan-
sion of the globe creating forces sufficient to tear the RPE while sparing Bruch’s
membrane.

Visual outcome in patients affected with RPE contusions is variable, based on
severity of injury and areas of the retina involved. No treatment has been shown to
be effective for this condition.

16.2.5 Choroidal Rupture

Choroidal rupture, first described by von Graefe [40] in 1854, is a tear in the cho-
roid, Bruch’s membrane, and retinal pigment epithelium (RPE). They have been
reported in up to 5-10% of cases of closed-globe blunt ocular trauma [41, 42] and
while they can occur with open globe injuries, the majority (72% in one study) [42]
are due to closed globe injuries. While the majority of reports are due to sports-
related injuries [43], other projectiles including a human fist [44], a stone [45, 46],
a champagne cork [47], or even a car airbag [48] have been reported to cause cho-
roidal ruptures.

Choroidal ruptures may be either direct or, more commonly, indirect. Direct cho-
roidal ruptures occur at a site of contusive impact, are anteriorly located, and tend to
be oriented parallel to the ora serrata. Indirect choroidal ruptures, also known as
contrecoup injuries, are posteriorly located away from the site of impact, crescent
shaped, and concentric to the optic nerve, typically involving the inner choroid. The
retina is spared due to its elasticity and the sclera is spared due to its rigidity [41].
In up to 25% of cases, ruptures may be multiple [49]. Other manifestations of ocular
injury, such as commotio retina, may accompany choroidal ruptures and subretinal
or vitreous hemorrhage may initially obscure the rupture site [38]. Mechanical
deformation of the globe is believed to result in tearing of the choroid, Bruch’s
membrane, and retinal pigment epithelium [50], although other possibilities such as
pressure necrosis and vascular injury have been proposed [51].

Clinically, a choroidal rupture is detected as a curvilinear or crescent-shaped yel-
low line, which is oftentimes obscured acutely by subretinal hemorrhage (Fig. 16.12).
At presentation, visual acuity can vary from 20/20 to light perception, depending on
the location of the choroidal rupture, amount of associated hemorrhage, or other
manifestations of ocular trauma [43]. Fibroblastic activity usually occurs between 6
and 14 days leading to a well-developed scar by 3—4 weeks [50] (Fig. 16.13).
Ruptures are more commonly located temporal to the optic nerve [52]. Ament and
colleagues reported a case series of 111 cases of choroidal rupture, of which 68%
occurred in the macula (37% foveal and 31% extrafoveal) and 32% were peripheral
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Fig. 16.12 Color photograph (a) and fluorescein angiogram (left eye) (b early, ¢ late) document-
ing an acute choroidal rupture, with localized serosanguinous fluid in the macular region

Fig.16.13 Color
photograph (right eye)
revealing a choroidal
rupture through the fovea
with early fibroblastic
proliferation. VA was
limited to 20/400
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Fig. 16.14 Color
photograph (left eye)
demonstrating a very
prominent choroidal
rupture, curvilinear to the
optic nerve, and virtually
extending completely
around the eye

Fig. 16.15 Color photograph (a) and fluorescein angiogram (left eye) (b) documenting a double
choroidal rupture with choroidal neovascularization (CNV) and scarring as well

[42] (Fig. 16.14). They also noted that while most patients had only one rupture,
21% had two ruptures, 11% had three ruptures, and 7% had four or more ruptures
[42] (Fig. 16.15).

Fluorescein angiography may be helpful to reveal choroidal ruptures partly
obscured by blood. Early hypofluorescence due to disruption of the choroid, late
dye leakage at the rupture site, or large vessels seen traversing the choroidal defect
in partial ruptures have all been described as typical FA findings [43]. More recently,
use of ICG angiography has been described to identify hypofluorescent areas cor-
responding to choroidal ruptures not initially revealed by fluorescein angiography
[53]. This latter modality may be the more sensitive way of detecting choroidal
ruptures in the acute phase.

Late complications of choroidal rupture include choroidal neovascularization
(CNV), optic atrophy [54], and chorioretinal anastomosis [55]. Ament and col-
leagues reported a 10% incidence of CNV occurring 1-18 months after trauma, and
noted that longer ruptures, ruptures within the arcades, and older age all predis-
posed patients to CNV [42]. Visual field changes including nasal steps [56], baring
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of the blind spot, central and paracentral scotomas, and generalized constriction
have all been described [14].

Visual outcome following choroidal rupture is variable. Since most ruptures are
temporal to the nerve, involvement of the fovea may result in severe visual loss.
Wood and Richardson [57] reviewed 30 cases of indirect choroidal rupture retro-
spectively and noted visual improvement to 20/40 or better in 17 (57%) cases.
Visual loss was attributable to choroidal neovascularization in five eyes while the
remainder demonstrated either a pigmentary maculopathy, had evidence of inner
retinal injury, or optic nerve atrophy. Ament’s group also noted that patients with
CNV tended to have a worse visual outcome [42].

Choroidal ruptures do not require treatment, but patients should be monitored
closely for development of CNV. Initially, laser photocoagulation and photodynamic
therapy (PDT) were used for CNV but they quickly fell out of favor when it was dem-
onstrated that the resolution was short-lived and recurrence was common [43]. Anti-
vascular endothelial growth factor (VEGF) agents are now the preferred initial
treatment for the treatment of CNV due to choroidal rupture, with studies reporting
regression of CNV and improvement of vision at up to 9 months [58, 59]. There have
also been reports of success with submacular surgery. Gross et al. [60] reported three
cases complicated by subfoveal neovascularization treated with submacular surgery
who achieved final visual acuities of 20/30 or better. Histologically, these membranes
demonstrated reactive pigment epithelium lining one surface of the membrane without
photoreceptors [61], suggesting that choroidal ruptures develop type 2 subretinal CNV,
which tends to portend a better prognosis after surgery than type 1 CNV.

To summarize, choroidal ruptures may result in immediate or delayed visual
loss. Secondary CNV may develop, though it oftentimes responds well to anti-
VEGF therapy.

16.2.6 Chorioretinitis Sclopetaria

Chorioretinitis sclopetaria is a term originally used by Goldzieher in 1901 to
describe a simultaneous defect of the retina and choroid resulting from a high veloc-
ity missile passing close to the eye without direct scleral injury [62]. The most com-
mon causes of chorioretinitis sclopetaria are bullets or BB pellets [63—69], although
there have also been reports of sclopetaria resulting from unusual etiologies such as
fishing line sinkers [70]. This type of injury represents a form of periocular closed-
globe ocular injury.

The pathogenesis of sclopetaria relates to the viscoelastic properties of the
involved tissues. Rapid deformation of the globe, caused by the concussive-like
force of the missile as it impacts surrounding orbital tissue, induces sufficient stress
to rupture the choroid and retina while the more compliant posterior hyaloid remains
intact [71]. The choroid, which is under constant physiologic stress, retracts because
it lacks attachments to the sclera between the equator and ora serrata [72], revealing
an area of bare sclera often associated with marked retinal and vitreous hemorrhage
[41] (Fig. 16.16). With time, a loose and dense connective tissue fills the defect
resulting in a white scar, which attaches the surrounding tissues firmly to the sclera
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Acute injury 3 months later

Fig. 16.16 Color photographs (left eye) from a patient who sustained a bullet injury to his left
orbit. Acutely, there is extensive intraretinal, preretinal, and vitreous hemorrhage (a). After
3 months (b), the hemorrhage has resorbed, and the patient is left with an organized fibrotic scar
posteriorly, with chorioretinal atrophy in the temporal periphery

Acute injury 4 months later

Fig. 16.17 Color photographs (left eye) from a patient who sustained a pellet injury to his left
orbit. Acutely, there is moderate subretinal, intraretinal, and vitreous hemorrhage (a). With time,
the hemorrhage resorbed (b), though vision was limited by development of a macular fibrotic scar
along with probable choroidal ruptures

[73]. Retinal detachment is unusual since the retina and choroid remain apposed
with an overlying intact posterior hyaloid in younger patients.

The condition is unusual and visual prognosis is guarded, as suggested by a few
small series. Martin et al. [71] published one case series of eight eyes of seven
patients with sclopetaria resulting from high-speed missile injuries. Seven of eight
were initially observed; the other was treated with prophylactic scleral buckle. The
retina remained attached for six months in all eyes. Late retinal detachments
occurred in two eyes as a result of retinal tears unrelated to the area of sclopetaria.
Two eyes developed vitreous hemorrhage associated with posterior vitreous sepa-
ration. Visual acuity recovered to 20/20 in four observed eyes whereas traumatic
maculopathy, macular hole, traumatic optic neuropathy, vitreous hemorrhage, and
retinal detachment caused visual loss in the remainder (Fig. 16.17). Ahmadabadi
et al. [64] published another case series of 13 eyes with sclopetaria, which were



16  Ocular Manifestations of Closed-Globe (Blunt) Ocular Trauma 265

followed for a mean of 37 months. Two patients required vitrectomy for dense
vitreous hemorrhage and suspected retinal detachment, although only one required
retinal detachment repair. Final visual acuities ranged from 20/1200 to no light
perception, despite the retina remaining attached in all patients. These results sug-
gest that observation of these patients is reasonable while maintaining a high level
of vigilance for other trauma-related complications.

16.2.7 Optic Nerve Avulsion

Although uncommon, optic nerve avulsion is a devastating and often irreversible
consequence of ocular trauma, and it may be seen in virtually any type of trauma.
Salzman first described avulsion of the optic nerve due to injury in 1903 [74].
Subsequent reports involved war injuries from severe concussive or penetrating
orbital injuries [75, 76], but more recently it has been reported after seemingly
minor sports injuries as well [77, 78].

The underlying mechanism of optic nerve avulsion involves the vulnerability of
the axons at the level of the lamina cribosa, where relatively elastic myelinated
nerve fibers lose their protective sheath. Various causes for optic nerve avulsion,
based on this mechanism, have been reported in the literature including: (1) direct
optic nerve traction from an object, such as a finger, causing extreme rotation and
anterior displacement of the globe until rupture of the non-myelinated nerve fibers
occurs; [79, 80] (2) an abrupt increase in intraorbital pressure from orbital injury or
transmitted orbital shock waves, pushing the globe anteriorly and stretching the
optic nerve; [81, 82] or (3) a dramatic intraocular pressure rise, which pushes the
nerve out of the scleral canal [75, 83].

Clinically, a patient with optic nerve avulsion typically presents with an immedi-
ate, profound loss of vision [84, 85]. If the avulsion is partial, some visual function
may be retained [86]. On examination, the optic nerve will appear empty and non-
perfused, with varying amounts of peripapillary and vitreous hemorrhage (Fig. 16.18).

Fig. 16.18 Color photograph (a) and fluorescein angiogram (right eye) (b) from a patient who
sustained a relatively minor injury in that he was struck on the right side of his head while playing
baseball. He immediately lost all vision in the right eye, and ocular findings were compatible with
avulsion of his optic nerve. CT scanning was unable to absolutely document the findings
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Fig. 16.19 Color photograph (a) and fluorescein angiogram (right eye) (b) from a patient who
experienced an avulsed optic nerve several months earlier. The region of the optic nerve appears
atrophic and fibrotic, and there is only very minimal restoration of perfusion seen angiographically.
VA remains NLP

In mild cases, the nerve may have the appearance of an optic nerve pit [83]. Fluorescein
angiography will often demonstrate a partial [86] or complete absence [85] of filling
of the retinal vasculature, although the degree of perfusion will depend on the extent
of injury. CT or MRI studies will often times demonstrate an apparently intact optic
nerve [41], although fat stranding and a linear hypodensity corresponding to the
avulsed nerve [87] may also be seen. With time, fibroglial tissue fills the cavity left by
the evulsion and may mimic the appearance of a developmental optic nerve defect
[88] (Fig. 16.19). There are no known treatments for optic nerve avulsion.

16.3 Indirect Ocular Trauma
16.3.1 Valsalva Retinopathy

Valsalva retinopathy occurs when there is a sudden rise in intrathoracic or intra-
abdominal pressure against a closed glottis. This causes a rapid rise in intravenous
pressure within the eye, causing spontaneous rupture of intra-retinal capillaries or
veins [89]. Commonly reported causes of Valsalva retinopathy have included heavy
lifting [90], prolonged coughing, vomiting [91], straining at stool, sexual activity
[92], or childbirth [93, 94]. There have even been reports of Valsalva retinopathy
due to bleeding diathesis [95], handstands [96], from airbag trauma [97], or as a
complication of general anesthesia [98]. On funduscopic examination, a well-
circumscribed round or dumbbell-shaped collection of sub-internal limiting mem-
brane (ILM) hemorrhage is typically present in the macula area (Fig. 16.20). With
time, vision typically returns to normal as the hemorrhage resorbs or formed ele-
ments of the blood settle inferiorly, sometimes resulting in a fluid level within the
area of hemorrhage (Fig. 16.21).
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Fig. 16.20 Color
photograph (right eye) in a
patient who noted central
visual loss OD
immediately after lifting
several heavy objects. This
eye was observed and the
sub-ILM hemorrhage
slowly cleared without
intervention

Fig. 16.21 Color photograph (a) and fluorescein angiogram (right eye) (b) demonstrates two
areas of sub-ILM hemorrhage with fluid layers, in a prison inmate who lost vision when he was
nearly choked to death by a fellow inmate several weeks earlier. Central vision was fine. No fol-
low-up could be obtained

In recalcitrant cases where dense hemorrhage is present, visual recovery may be
achieved through intravitreal drainage by opening the overlying ILM with argon or,
preferably, a neodymium: yttrium-garnet (YAG) laser (Fig. 16.22). One study of 17
patients found 100% restoration of 20/20 vision with YAG laser treatment [99].
Reported complications of this procedure include macular hole and retinal detach-
ment although further study is needed to define the risks associated with this proce-
dure. Goel et al. [100] utilized SD-OCT to investigate evolution of the premacular
hemorrhage following YAG laser; they found that the laser caused formation of a
premacular cavity which persisted despite successful drainage of hemorrhage and
may be responsible for metamorphopsias in some patients. Vitrectomy may be per-
formed for those patients who fail to respond to laser or in cases where break-
through vitreous hemorrhage has occurred [101, 102].

In addition, disorders such as diabetes, hypertensive retinopathy, and congenital
retinal vessel (arterial or venous) tortuosity can lead to a similar clinical picture in
the absence of abnormal physical activity. In these cases, visual prognosis is limited
by the degree of coexisting retinal disease.
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Fig. 16.22 Color photographs (a) and fluorescein angiogram (left eye) (b) in which there was
minimal initial clearing of a pocket of sub-ILM hemorrhage after several weeks. A Yag:laser was
therefore employed to “drain” the hemorrhage (c). The goal was accomplished, and only fine striae
remain in the posterior hyaloid (d) (Courtesy of Susan M Malinowski, MD, Detroit, MI)

16.3.2 Solar Retinopathy

Solar retinopathy is a phototoxic reaction in the fundus caused by directly staring at
a light source. Virtually any source of light can produce it, but most cases are caused
by direct sun gazing during a solar eclipse, religious rituals, or directly viewing a
laser pointer. It is also known in the literature as photic maculopathy, eclipse burns,
and foveomacular retinitis [103, 104].

The reaction is photochemical in nature, and generally juxtafoveal, usually bilat-
eral and asymmetric, with more severe disease in the dominant or fixation eye. Gass
[103] postulated that the photochemical injury was mediated by highly reactive free
radicals [105], through light-induced damage to the apical melanosomes of the RPE
by blue-light wavelengths [106]. The severity of the reaction is dependent upon
numerous factors including: (1) duration, intensity, and spectral content of the light,
(2) clarity of the ocular media, (3) amount of ocular pigmentation, (4) body tem-
perature, and (5) environmental conditions [105].

In general, patients will either be completely asymptomatic or present with a
small central scotoma. In the acute setting, fundus examination may show a small
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yellow or reddish spot in the fovea, surrounded by faint gray granular pigmentation
[103] (Fig. 16.23). These changes may be made especially obvious on autofluores-
cence or fluorescein angiography [106]. As the condition becomes chronic, the yel-
low discoloration will fade and leave a pathognomonic reddish spot [103]
(Fig. 16.24). SD-OCT and multi-modal imaging has now shown that red spot cor-
relates to an outer retinal hole, which is often square-shaped and usually spans from
the RPE layer to the external limiting membrane [107]. This is consistent with loss
of the inner and outer segments. These OCT findings are not specific to solar reti-
nopathy, however, and can also be seen in tamoxifen retinopathy, juxtafoveal telan-
giectasia, foveolar vitreomacular traction, etc. [107].

Streaks of damaged retinal pigment epithelium can be seen after repetitively
intentionally staring into a laser pointer (Fig. 16.25). Damage in this scenario can be
extensive.

Fig. 16.23 Color
photograph (left eye)
demonstrating a reddish
macular reflex following
an episode of sun gazing.
The reflex gradually
normalized, though was
eventually replaced by a
small spot of
hypopigmentation. VA was
20/40

Fig. 16.24 Color photograph (a) and fluorescein angiogram (left eye) (b) document a small cen-
tral zone of hypopigmentation in a patient seen 2 months after several episodes of sun gazing.
Angiographically, a small transmission defect is seen. VA was 20/30
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Fig. 16.25 Color photograph (a), fundus autofluorescence (b), and an SD-OCT (c¢) from a patient
who intentionally pointed a laser into his eye(s). The irregular, linear streaks are quite diagnostic.
While VA improved once the laser abuse was stopped, the vision never fully recovered (Courtesy
of Amani Fawzi, MD, Chicago, IL)

There is no known treatment for solar retinopathy, however the condition can
often improve with observation, with some regeneration of the outer retina.

16.3.3 Terson Syndrome

The association of vitreous hemorrhage with sub-arachnoid hemorrhage was
reported by Litten [108] in 1881 and Terson [109] in 1900. Considered rare
before the 1960s [110], it is now estimated that 20% of patients with either sub-
arachnoid or sub-dural hemorrhage will develop intraocular hemorrhages.
Furthermore, the presence of intraocular findings has been associated with a
higher death rate from subarachnoid hemorrhage [111]. Typically, retinal hemor-
rhages are scattered in a peripapillary distribution and located in the subretinal,
intraretinal, as well as sub-ILM or sub-hyaloid spaces (Fig. 16.26); the sub-hya-
loid blood may break through into the vitreous cavity and cause vitreous hemor-
rhage [112].

The pathogenesis of Terson syndrome is not well established. Early reports sug-
gested that the hemorrhage dissected through the optic nerve sheath from the arach-
noid space [113]. However, the lack of an anatomic communication in a normal eye
and the absence of an association between the hemorrhages and the optic nerve
make this explanation unlikely [41]. Rather the hemorrhages more likely to be a
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Fig. 16.26 Color photographs (both eyes) from a patient with traumatic subarachoid hemorrhage
(a, b). In addition to the juxtapapillary hemorrhage, there is also mild optic disc edema. The patient
did well with observation

secondary effect of increased intracranial pressure. Terson postulated that a sudden
rise in venous pressure resulting from increased intracranial pressure caused rup-
tures of epiretinal and peripapillary capillaries [109]. Miller et al. [114] have attrib-
uted the findings to compression of the central retinal vein and its choroidal
anastomosis.

The most common sequelae of Terson syndrome is epiretinal membrane (ERM)
formation. Subhyaloid hemorrhage provides a scaffold for cellular proliferation and
the formation of a dome shaped ERM. Histologically, these membranes are due to
the proliferation of glial cells and their basement membrane, overlying an intact
ILM [115]. Other complications associated with Terson syndrome include perimac-
ular retinal folds [116], similar to those of shaken baby syndrome, and retinal
detachments [117].

Overall, the visual outcome of Terson syndrome is favorable. Schultz et al. [118]
found that 25 of 30 eyes achieved 20/50 or better vision with an average of four
years of follow-up. Fourteen eyes in this series were treated with pars plana vitrec-
tomy to clear dense vitreous hemorrhages and severe epiretinal membranes, while
the rest were observed. There was no difference in visual outcome between the two
groups, however visual recovery was more rapid with vitrectomy. Seventy-eight
percent of eyes in this series developed ERMs. Therapeutically, pars plana vitrec-
tomy can be considered in visually significant ERMs or non-clearing vitreous hem-
orrhages, particularly in children at risk for amblyopia [119].

16.3.4 Purtscher Retinopathy

In 1910, the clinical findings now known as Purtscher retinopathy were described
by Omar Purtscher in a patient who suffered head trauma and was subsequently
noted to have multiple areas of retinal whitening and hemorrhage in the posterior
pole [120]. Purtscher hypothesized that the retinal whitening resulted from



272 J.J. Chen and W.F. Mieler

lymphatic extravasions secondary to increased intracranial pressure [121]. Later
reports described similar retinal findings in a variety of conditions including acute
pancreatitis [122], compressive trauma to the trunk or extremities [123], fat embo-
lism syndrome [124], and renal failure [125], which has been deemed “Purtscher-
like retinopathy.”

Patients will complain of a decline in visual acuity, ranging from mild deficits to
hand motions vision [126]. Usually the visual changes will occur 24—48 h after the
trauma. On examination, an afferent pupillary defect may be present in the more
severely affected eye. Characteristically, the retina will exhibit multiple discrete
patches of superficial retinal whitening, known as Purtscher flecken, cotton wool
spots (Fig. 16.27), and hemorrhage concentrated around a normal or edematous
optic nerve head [127, 128]. Purtscher flecken are classically polygonal, variable in
size, and should exhibit a clear zone between the affected retina and an adjacent
arteriole. The fundus abnormalities are usually limited to the posterior pole within
the macula and nearly always bilateral, although unilateral cases have been reported
[129, 130]. Fluorescein angiography may demonstrate impaired retinal artery and
capillary perfusion with late leakage, venous staining, and optic disc edema [129].
Indocyanine green angiography has noted choroidal hypofluorescence, suggesting
choroidal ischemia as well [131]. Histopathologic examination of an eye demon-
strated inner retinal atrophy consistent with retinal artery occlusion [132].

Clinical resolution may take several months and can be associated with perma-
nent visual loss when concomitant optic atrophy or retinal pigment epithelial
changes are present [131] (Fig. 16.28). One study of 23 cases found spontaneous
improvement of two or more Snellen lines in 50% of patients [133]. Possible factors
associated with a poor outcome include optic disc swelling or leakage on fluores-
cein angiography, choroidal hypoperfusion with outer retinal involvement, retinal
capillary non-perfusion, prior episodes of Purtscher retinopathy, duration of retinal
changes, and massive Purtscher flecks on presentation [126, 133].

The pathogenic mechanisms that lead to Purtscher retinopathy are unclear.
Purtscher originally hypothesized that the retinal whitening was a result of increased

Fig. 16.27 Color photograph (a) and fluorescein angiogram (right eye) (b) from a patient with
Purtscher retinopathy. Multiple areas of peripapillary ischemia are seen, and the angiogram docu-
ments mild vascular leakage
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Acute injury Ten years later

Fig. 16.28 Color photographs (right eye) in a patient (a) who was run over by an automobile
sustaining primarily chest trauma. The acute findings of Purtscher retinopathy gradually resolved,
though the patient was left with diminished visual function (b) due to a combination of optic nerve
atrophy and macular pigment scarring

intracranial pressure causing lymphatic extravasion [121], but various other mecha-
nisms have been subsequently proposed, including intravascular coagulopathy and
granulocyte aggregation resulting from traumatic endothelial injury [134] and air
embolism resulting from chest compression [129]. Experimentally, similar retinal
changes have been created by infusion of fibrin clots within the ophthalmic artery
[135] or glass microbeads in the carotid artery [136, 137]. Some of these laboratory
studies have provided evidence of compliment activation in Purtscher retinopathy,
which is consistent with the observation that both trauma and pancreatitis activate
the complement pathway [41, 138].

No treatment has been demonstrated to be consistently effective for this condi-
tion. There are isolated cases of success with high-dose intravenous corticoste-
roids [133, 139], which is felt to work through inhibition of granulocyte
aggregation secondary to complement activation in a dose dependent manner
[126]. However, Agarwal and McKibbin in their case series noted a similar inci-
dence of visual improvement between patients who were treated and those who
were observed [132]. There have also been occasional reports of hyperbaric oxy-
gen in the treatment of Purtscher retinopathy with mixed results [140]. Therefore,
despite the existence of papers citing the reported benefits of treatment, there is no
consensus that any intervention is superior to observation alone in Purtscher
retinopathy.

16.3.5 Shaken Baby Syndrome

Child abuse occurs in 1% of children in the United States annually [141] and accord-
ing to World Health Organization statistics, a quarter of all adults report having been
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physically abused as children [142]. Indeed, 10% of traumatic injuries of children
under 5 years old are non-accidental and between 5% and 20% of these injuries are
lethal [143]. Of those children who survive child abuse, 15% will have permanent
physical abnormalities. Because 30—40% of abused children and up to 95% of
patients with shaken baby syndrome (SBS) will have funduscopic evidence of
injury, the ophthalmologist can play a critical role in diagnosis, especially since
there may be few outward signs of abuse [144—146].

The pathogenesis of SBS is related to the repetitive angular acceleration—decel-
eration motion that occurs in shaking, which causes high gravitational forces to be
exerted on an infant’s head [147]. Most other forms of injury involve translational
linear acceleration—deceleration forces, which reach their peak force only for a
moment during impact and the force is disseminated through the skull, the body,
and the object of impact [147]. In contrast, angular acceleration—deceleration forces
are sustained, self-perpetuating forces and there is no protective mechanism for the
brain from these magnified gravitational forces. As a result, biomechanical studies
show that the magnitude of the acceleration and deceleration in SBS is 50 times
greater than when the head is hit forcefully against a surface [148].

Anterior and posterior segment findings may result from violent shaking, direct
ocular injury, head injury, chest injuries, or choking. While no finding is pathogno-
monic for shaking injury, the most common and characteristic finding of retinal
hemorrhage is present in 64—89% of cases and may involve all layers of the retina
[149] (Fig. 16.29). The retinal hemorrhages are deep, extensive, and mainly located
in the posterior pole. Eisenbry [150] reported that 64% of abused children less than
3 years old manifested retinal hemorrhages whereas only 3% had such hemor-
rhages after accidental head injury. Odom et al. [143] prospectively evaluated 43
patients who underwent at least one minute of cardiopulmonary resuscitation
(CPR). Despite the presence of clotting abnormalities and prolonged CPR in the

Fig. 16.29 Color
photograph (right eye)
from a baby who endured
severe shaking from her
caregiver, with resultant
subretinal, intraretinal, and
preretinal hemorrhages.
Fortunately, the infant
survived, was placed in a
safe environment, and the
ocular abnormalities
cleared
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majority of patients, only one patient manifested slight punctate retinal hemor-
rhages [143]. Therefore, while retinal hemorrhages may be present in exceptional
cases, it is not characteristic of other forms of trauma and therefore is highly spe-
cific for child abuse [148].

In addition to retinal hemorrhage, perimacular folds [151], retinoschisis, cotton
wool spots, retinal vessel engorgement, and papilledema may be present [152]. The
overall clinical picture may simulate Purtscher retinopathy syndrome, Terson syn-
drome, or central retinal vein occlusion [153]. Vitreous hemorrhage, retinoschisis,
retinal detachment, and chorioretinal atrophy may also occur [149, 153, 154]. The
presence of dense vitreous hemorrhage in infants has been associated with poor
visual and neurological prognosis [152]. In many cases of shaken baby syndrome,
there will also be associated intracranial hemorrhage or contusion, which essen-
tially assures the diagnosis. Wilkinson et al. [155] found that a subhyaloid hemor-
rhage greater than two disc diameters in size, vitreous hemorrhage, or diffuse
hemorrhage involving the peripapillary and peripheral retina was associated with a
high initial neurologic injury score.

Computed tomography immediately following shaking injury may demonstrate
only subtle intracranial abnormalities despite the presence of retinal hemorrhages.
In these patients, close monitoring of neurologic status, fontanelles, head circumfer-
ence, and CT scans is critical as evidence of subdural hemorrhage may be delayed
following injury [156, 157]. A midline shift on CT and non-reactive pupils at pre-
sentation has been recently associated with infant mortality [158].

Treatment should be administered according to the severity of injury. External
ocular injuries such as eyelid injuries or open-globe injuries should be addressed
first [147]. Most of the intraocular and posterior segment manifestations are man-
aged best by observation in the acute phase, as most hemorrhages will clear sponta-
neously. Even simple retinal folds or detachments are rarely routine surgeries and
may lead to complications and poor outcomes. However, patients should be closely
monitored since deprivation amblyopia can occur within four weeks [147]. In cases
of non-clearing vitreous hemorrhage or hemorrhage obscuring the macula, pars
plana vitrectomy may be considered. Alternatively, intravitreal tPA and gas has been
proposed as an alternative to vitrectomy to clear subhyaloid blood in selected cases
[159]. Retinal detachments may be repaired with barrier laser with or without scleral
buckle, although encircling buckles should be avoided and the buckle may need to
be released at a later date [160]. Retinoschisis can be treated with laser or cryo-
therapy at the borders to prevent extension; flattening of the schisis with surgery or
pneumatic retinopexy is usually not successful and does not improve vision. If trau-
matic damage to the optic nerve is suspected, a trial of intravenous corticosteroids
may be considered [161].

Overall ocular prognosis is related to how much damage has been done to the
macula. A series by Kivlin et al. [162] found that one-fifth of survivors retained poor
vision, but this was mostly related to cortical blindness. Extensive retinal injury,
especially retinal folds and retinoschisis, and non-reactive pupils were associated
with a higher mortality rate while good visual reaction and reactive pupils were
related to a good visual prognosis and higher survival rate.
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16.3.6 Fat Embolism Syndrome

Fat embolism syndrome (FES) was first reported in 1861, describing a clinical syn-
drome that affects many organ systems following medullated long bone fractures
[163]. Patients with FES present with variable degrees of pulmonary insufficiency,
mental deterioration associated with thrombocytopenia, and petechiae of the upper
extremities and conjunctiva [164]. Some may even become critically ill and, in
severe cases, mortality rates may be as high as 20% [165]. Subclinical affliction can
be detected by abnormal arterial blood gas findings [166].

About half of all patients with clinical FES will present with retinal lesions [135,
167]. The most common findings are cotton wool spots and retinal hemorrhages
[136, 137], but intravenous fat and central retinal artery occlusions have also been
described [168] (Fig. 16.30). Similar to the systemic clinical findings, the retinal
lesions may appear and resolve successively. On histologic examination, the retinal
lesions appear as microinfarcts in the inner retina and uveal tract [169].

Fat emboli and microinfarcts in the retina as a result of long bone fractures can
be seen in the absence of systemic findings. One study by Chuang et al. [170] exam-
ined 100 consecutive patients admitted to a hospital with long bone or pelvic frac-
tures. The study excluded patients with hypertension, diabetes, or other conditions
associated with vascular retinopathy. Four patients were found to have retinal find-
ings consistent with FES, including cotton wool spots and blot hemorrhages, in the
absence of pulmonary, neurologic, or dermatologic findings. This study demon-
strates that the retina may be involved even in subclinical cases of FES, and there-
fore retinal screening and evaluation even in the absence of systemic findings is
warranted. The visual prognosis in most patients with FES is favorable, but some
patients may develop permanent paracentral scotomas [170].

It should be noted however, that these types of findings are seen much less com-
monly today, as rehabilitation and mobilization of the patient is instituted much
more rapidly in the setting of bony fractures.

Fig. 16.30 Color
photograph (right eye)
from a patient with a
fractured femur (and chest
injuries) sustained in a
skiing accident. Following
rather prolonged
immobilization, mild
ocular features of fat
emboli syndrome were
seen. The findings resolved
spontaneously over time
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16.3.7 Whiplash Retinopathy

Whiplash retinopathy is an uncommon cause of vision loss in the setting of a trau-
matic flexion-extension injury to the head and neck. Typically, there is an immediate
mild reduction in visual acuity, usually no worse than 20/30, with development of
gray swelling of the foveal region and a 50-100 micron foveolar pit [171].
Fluorescein angiography in the acute phase may be normal or may show slight focal
areas of pigmentary disturbance [172]. Vision usually returns to normal, leaving a
pit with whitish borders and a subtle disturbance of the RPE [173].

It has been speculated that any insult, whether toxic or physical, may result in
selective photoreceptor loss and give rise to the appearance of a foveolar pit [173—
175]. Identical foveolar pits may be seen in the setting of sun gazing, mild foveo-
macular retinitis, toxic medications, and direct ocular trauma. In whiplash
retinopathy, the foveolar pit is believed to result from vitreomacular traction. Other
trauma-induced alterations of the vitreomacular interface include prefoveal vitreous
wisps, opercula, full thickness macula holes, and posterior vitreous detachment
[176]. There is no known treatment for whiplash retinopathy but surgery may be
considered if a full thickness macular hole develops.

Conclusion

Closed-globe (blunt) ocular trauma results in a variety of overlapping ocular
findings, which have been frequently described in the literature. The effects of
trauma may result from direct ocular injury, or be indirect, developing secondary
to injury from a distant site. These conditions can be difficult to diagnose due to
the variability of visual impairment, and in some situations significant time may
elapse before the effects of trauma are fully manifest. For many of these condi-
tions, there is no specific treatment.

An understanding and awareness of the ocular findings and anticipatory man-
agement may limit further complications and visual decline in select cases.
Additionally, ophthalmologists should work to educate the community about the
appropriate precautions that should be undertaken, such as safety glasses and
avoidance of risky activities, in order to minimize or prevent ocular injury. Only
in this fashion can the overall burden of closed-globe injuries be decreased.
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