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of age, as alpha-agonists carry a risk of respiratory depression
in infants. Instead, 4% cocaine drops should be used for diagnosing Horner’s syndrome in this age demographic.4
Cocaine inhibits the reuptake of norepinephrine in the
post-synaptic space. After instillation of cocaine in each
eye, the normal eye will dilate from the retention of norepinephrine in the synaptic space. However, in the eye
with sympathetic dysfunction there is deﬁciency of norepinephrine in the synapse, and therefore the expected mydriasis will be absent. It should be noted that the cocaine test
has fallen out of favor because of the difﬁculties in obtaining and storing the substance and because the results are
often difﬁcult to interpret.5
Alternatively, anisocoria that is greater in light implies that
the abnormal pupil is unable to constrict in response to light.
This suggests a lesion in the parasympathetic pathway. The
most important lesion to rule out in this scenario is an oculomotor nerve palsy. In patients with an oculomotor nerve
palsy, impaired extraocular motility and variable degree of
ptosis will be expected. It should be remembered that oculomotor nerve palsy cannot present with an isolated dilated
pupil.5
The next step in the diagnostic algorithm if the anisocoria is
greater in the light is to look for the presence of Adie’s tonic
pupil. Adie’s pupils are hypersensitive to dilute pilocarpine
because of denervation hypersensitivity of parasympathetic
receptors of the iris sphincter. Thus, instillation of dilute pilocarpine (0.125%) drop in each eye will result in the constriction
of an Adie’s tonic pupil but will not affect a normal pupil.5,6
If there is no response to the dilute pilocarpine, fullstrength pilocarpine (14%) can be instilled. Only a pupil
that has been pharmacologically dilated will not respond to
the instillation of full-strength pilocarpine Figure 4.

TAGEDH1CONCLUSIONTAGEDEN
The algorithm for the work-up of anisocoria as described
above, along with a thorough history, identiﬁed toxic pharmacological mydriasis as the cause of the dilated pupil in our
case. Mydriasis from Brugmansia versicolor has been reported
in the literature only three times.79 In each case, the diagnosis was made using the same diagnostic process provided

Triple-hit lymphoma of the cavernous
sinus
Diffuse large B-cell lymphoma (DLBCL) is the most common
nonHodgkin-type lymphoma in adults, and the myriad of
clinical presentations is well known to neuro-ophthalmologists.1 Traditionally, DLBCL was treated with standard
chemotherapy, including R-CHOP (i.e., rituximab, cyclophosphamide, doxorubicin, vincristine, and prednisone).
Newer cytogenetic, ﬂuorescent in situ hybridization (FISH),
and next-generation sequencing (NGS) techniques, however,

above, avoiding costly, invasive, and unnecessary further
investigations.
Anisocoria necessitates a methodical and thorough evaluation to rule out potentially fatal etiologies. We provide one
such approach with rationale. However, when there are any
abnormalities or inconsistencies, an expert neuro-ophthalmological opinion should be sought.

Disclosure: The authors have no proprietary or commercial

interest in any materials discussed in this article.
J. Goldfarb N. Pesin Edward Margolin
Department of Ophthalmology and Vision Sciences, University of
Toronto, Toronto, Ont
Correspondence to:
Edward Margolin; edmargolin@gmail.com.
AGEDH1R
T EFERENCESTAGEDEN

1. Lam BL, Thompson HS, Corbett JJ. The prevalence of simple anisocoria.
Am J Ophthalmol. 1987;104:69–73.
2. Grifﬁn WJ, Lin GD. Chemotaxonomy and geographical distribution of
tropane alkaloids. Phytochemistry. 2000;53:623–37.
3. Freedman KA, Brown SM. Topical apraclonidine in the diagnosis of suspected Horner syndrome. J Neuroophthalmol. 2005;25:83–5.
4. Watts P, Satterﬁeld D, Lim MK. Adverse effects of apraclonidine used in
the diagnosis of Horner syndrome in infants. J AAPOS. 2007;11:282–3.
5. Kardon R, Trobe J. Pupil disorders, is pharmacological testing necessary?
NANOS 2010 Annual Meeting; February 27March 3, 2016; Tucson,
AZ.
〈www.nanosweb.org/ﬁles/Controversies.in.Neuro.Ophthalmology.
pdf〉. Accessed.
6. Bourgon P, Pilley FJ, Thompson HS. Cholinergic supersensitivity of the
iris sphincter in Adie’s tonic pupil. Am J Ophthal. 1978;85:373–7.
7. Firestone D, Sloane C. Not your everyday anisocoria: angel’s trumpet ocular toxicity. J Emerg Med. 2007;33:21–4.
8. Van Der Donck I, Mulliez E, Blanckart J. Angel’s trumpet (Brugmansi
arborea) and mydriasis in a child—a case report. Bull Soc Belge Ophthalmol. 2004;292:53–6.
9. Andreola B, Piovan A, Da Dalt L, Filippini R, Cappeletti E. Unilateral
mydriasis due to angel’s trumpet. Clin Toxicol. 2008;46:329–31.
Can J Ophthalmol 2019;54:e59–e61
0008-4182/17/$-see front matter © 2018 Canadian Ophthalmological
Society. Published by Elsevier Inc. All rights reserved.
https://doi.org/10.1016/j.jcjo.2018.05.004

have shown the presence of genomic abnormalities that have
signiﬁcant treatment and prognostic implications. For example, alterations in the MYC gene (e.g., “single-hit” MYC+
lymphoma) confer resistance to standard R-CHOP therapy
and have a worse prognosis. “Double-hit” lymphomas (DHL)
are uncommon (5%) and involve gene rearrangements in
MYC and BCL2 and/or BCL6. Triple-hit lymphomas
(THL) are even more rare and are deﬁned as high-grade Bcell lymphoma with rearrangements of MYC and
BCL2 and/or BCL6 in the 2016 World Health Organization
(WHO) classiﬁcation of lymphoid neoplasias.2 THLs are
CAN J OPHTHALMOL—VOL. 54, NO. 2, APRIL 2019
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Fig. 1—External photograph of right and left pupil. The right pupil is ﬁxed and dilated at 8 mm and the left pupil is ﬁxed and dilated
at 7 mm.

highly aggressive and recalcitrant to traditional chemotherapy
regimens such as R-CHOP (cyclophosphamide, doxorubicin,
vincristine, and prednisone plus rituximab).1 Consequently,
researchers are investigating novel therapeutic approaches.1,3
Central nervous system (CNS) prophylaxis is necessary due
to the propensity of THL to affect the CNS.4 Unfortunately,
CNS prophylaxis with current regimens can be inadequate
for THL. Understanding and recognizing the signs and
symptoms suggesting THL progression to the CNS is important in order to promptly initiate high-dose intrathecal
chemotherapy and radiation regimens to reduce associated
morbidity and mortality.
We report a patient with stage IV, triple-hit DLBCL who
presented with painless, bilateral, complete ptosis, complete
ophthalmoplegia, proptosis, and ﬁxed pupils and was found
to have metastases to the cavernous sinuses. The metastases
showed regression after focused radiation to the cavernous
sinuses combined with intrathecal therapy. Although cavernous sinus lymphoma is well known to neuro-ophthalmologists, to our knowledge, this is the ﬁrst triple-hit DLBCL
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affecting bilateral cavernous sinuses. Neuro-ophthalmologists
should be aware of the newer cytogenetic and FISH techniques in lymphoma in order to improve diagnostic, treatment,
and prognostic information for patients with DLBCL.

TAGEDH1CASE REPORTTAGEDEN
A 54-year-old Caucasian male presented to the Houston
Methodist Hospital neuro-ophthalmology department for
acute painless bilateral sequential and rapidly progressive complete ophthalmoplegia over a 3-week period. His medical history was signiﬁcant for well-controlled hypertension. He
denied tobacco, alcohol, or drug use. He worked as a chemical
trader. He denied a family history of neoplasm.
Ten months before presentation, he developed a painless
right iliac mass. Biopsy revealed DLBCL. The tumour
showed protein overexpression of the cell proliferation
index, Ki-67 of 95%. Cytogenetics and FISH was positive
for C-MYC, BCL2, and BCL6 gene rearrangements. Immunohistochemistry was positive for CD20 and negative
CD30. A diagnosis of triple-hit DLBCL was made and the
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Fig. 2—Bilateral proptosis. An external photograph showing bilateral proptosis. (A) A view from lateral and (B) a worm’s-eye view.
The patient had complete ptosis and required assistance in order to elevate the upper eyelids.

patient was treated with numerous chemotherapy regimens,
including hyper-CVAD (cyclophosphamide, vincristine,
doxorubicin (i.e., adriamycin), and dexamethasone), intrathecal methotrexate and cytarabine, rituximab, R-EPOCH
(rituximab, etoposide phosphate, prednisone, vincristine
sulphate, cyclophosphamide, doxorubicin hydrochloride),
and 2 cycles of TAK659, a tyrosine kinase inhibitor under
research for treatment against lymphoma. However, the
patient’s lymphoma continued to progress, and the patient
developed bone, soft tissue, and epidural metastases.
On examination in the neuro-ophthalmology clinic,
best-corrected visual acuity was 20/40 OD and 20/30 OS.
The right pupil measured 8 mm and was ﬁxed and
dilated, and the left pupil measured 6 mm and was minimally reactive. No relative afferent pupillary defect was
noted. External examination showed bilateral ptosis and
proptosis (Fig. 1). Slit-lamp biomicroscopy, intraocular
pressure measurements, visual ﬁeld testing, and ophthalmoscopy were normal OU. On motility assessment, the
patient had complete bilateral ophthalmoplegia (Fig. 4
and VIdeo 1, available online).
Magnetic resonance imaging (MRI) of the brain and orbit
revealed bilateral cavernous sinus inﬁltration (Fig. 2). Positron
emission tomography (PET) scan also revealed abnormal
uptake in the skull base (Fig. 3) and signiﬁcant progression in

disease with involvement of lymph nodes in the abdomen,
pelvis, and several osseous structures.
Cerebrospinal ﬂuid (CSF) cell composition showed normal
cell count, protein, and glucose, but ﬂow cytometry showed
CD10-positive, kappa light chainrestricted B cells consistent
with DLBCL.
During the patient’s hospitalization, the patient was started
on intravenous dexamethasone, intrathecal methotrexate, and
cytarabine. He received intensity-modulated stereotactic
radiotherapy to the cavernous sinus. The patient was started
on tyrosine kinase inhibitor ibrutinib. However, during the
patient’s hospitalization, he developed neutropenia and sepsis.
The patient and his family elected for inpatient hospice, and
the patient passed away within 1 day of discharge from the
hospital. It is unclear whether an autopsy was performed.
There was no documentation in the electronic medical record
that an autopsy was offered to the family or performed.

TAGEDH1DISCUSSIONTAGEDEN
The differential diagnosis of bilateral cavernous sinus
involvement is broad. The cavernous sinus may be affected by
infectious, neoplastic, vascular, and inﬁltrating lesions. Clinically, patients with cavernous sinus involvement present with
ophthalmoplegia due to the involvement of cranial nerves 3, 4,
CAN J OPHTHALMOL—VOL. 54, NO. 2, APRIL 2019
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Fig. 3—Radiology studies. (A) Magnetic resonance imaging brain and orbit showing mild fullness greater in the left than in the right
cavernous sinus region. (B) Computer Tomography (CT) orbits with and without contrast showing increased density in the cavernous
sinus region compatible with diffuse lymphoma involvement of the cavernous sinus. (C) A positron emission tomography scan showing abnormal uptake at the skull base, correlating with previous CT ﬁndings, compatible with inﬁltration by lymphoma.

and 6 with sensory deﬁcits from the trigeminal nerve.5 On
MRI, many of the different processes mentioned above may
have signiﬁcant overlapping and nonspeciﬁc features. For example, meningiomas and cavernous hemangiomas are one of the
most common primary cavernous sinus tumours. However,
they usually present with slow growth. Meningiomas are usually
hypointense to mildly hyperintense in relation to grey matter
but are well delineated by contrast in MRI sequences.6 Cavernous hemangiomas are hypointense in T1-weighted images and
hyperintense in T2-weighted images and show homogenous
enhancement after contrast.7 Lymphomas have no speciﬁc
MRI ﬁndings except for contrast enhancement but the diagnosis is made by coupling the other imaging studies (such as PET)
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with clinical results, such as the case with the aforementioned
patient with his symptoms, signs, and clinical course.
THL, a rare subtype of DLCBCL, is deﬁned by chromosomal rearrangements in the c-MYC BCL2, and BCL6 genes.
Using the Hans algorithm, majority of them have a germinal
centre B celllike (GCB) immunophenotype. THL are
associated with an extremely poor prognosis with a median
survival after diagnosis of only 9 months.1 THLs are aggressive lymphomas and have a propensity to invade the
CNS and thus are of particular interest to neuroophthalmologists.8,9
Cheah et al. in 2015 proposed giving intrathecal methotrexate to reduce the rate of CNS progression.4,10 Focused
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Fig. 4—External photographs of the patient in primary position, up gaze, down gaze, right gaze, and left gaze.

radiation to the cavernous sinuses can reduce also ocular
symptoms from metastases.11 Our patient received TAK-659,
an investigational spleen tyrosine kinase (SYK) inhibitor.
SYK is important in B-cell receptor signalling-driven tumourigenesis. The inhibition of SYK induces apoptosis and inhibits
the prosurvival, chemoresistant, proliferative microenvironment. SYK inhibitors, including TAK-659, are being studied
for various B-cell malignancies.10 Early reports of a phase 1
study of TAK-659 have shown favourable results with 46% of
patient achieving an objective response as per the International Working Group (IWG) response criteria.3
In summary, clinicians should be aware of newer cytogenetic,
FISH, and NGS techniques to detect genetic alterations in lymphoma, including single-, double-, and triple-hit (MYC, BCL2,
BCL6) DLBCL. Genomic status provides important risk stratiﬁcation and prognostic information that may be of value when
evaluating and treating neuro-ophthalmology patients (e.g.,
ophthalmoplegia or visual loss) with DLBCL.
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Nystagmus and diplopia in a patient
with positive aquaporin-4 antibody

Other central nervous system examination criteria were
normal.
Repeated MRI scans revealed a new lesion located at the
posterior aspect of the right intracranial optic nerve adjacent to the optic chiasm, which was minimally enhanced
post contrast (Fig. 2). The patient tested positive for
AQP4 Indirect immunoﬂuorescence (IgG). Further investigation for connective tissue disease, thyroid function, lupus
anti-phospholipid antibody, anti-cardiolipin antibody,
serum angiotensin-converting enzyme level, and anti-Nmethyl-D-aspartate receptor antibody were all normal. Her
hepatitis virus screen, HIV serology, syphilis screen, C-reactive protein, and erythrocyte sedimentation rate were unremarkable. Electroencephalogram was normal. Her visually
evoked potential demonstrated a prolonged P100, more in
the right eye (124 ms) than the left eye (113 ms) with bilateral reduced amplitude (Fig. 3). Optical coherence tomography of the optic nerve head was within normal range.
Humphrey visual ﬁeld 30-2 testing revealed no defects.

Devic’s neuromyelitis optica (NMO) is a severe demyelinating disease that affects the optic nerves and spinal cord.
In Asia, there seems to be a higher prevalence of the disease
among those of East Asian origin (Chinese and Japanese).1
The optic nerves and spinal cord are preferentially
affected. However, ocular motility disorder may present as
a less common manifestation of NMO spectrum disorder.
We report on a young patient with ocular motility deﬁcits
associated with positive aquaporin-4 autoantibody
(AQP4-IgG).

TAGEDH1CASE REPORTTAGEDEN
A 24-year-old Malay female university student presented
with acute onset of binocular diplopia and jerky bilateral
eye movement. It was associated with blurring of vision and
pain on eye movement in the right eye. She also complained
of a few episodes of hypersomnia in the previous 2 weeks.
Her family noticed on a few transient occasions that the
patient appeared confused. She denied any history of fever
or trauma.
Three months prior to that, the patient presented to
medical clinic for lethargy and narcolepsy. Magnetic resonance imaging (MRI) of the brain and spinal cord demonstrated multiple hyperintense lesions at both thalami
(Fig. 1). However, the spinal cord was normal. She was
positive for AQP4-IgG. A diagnosis of neuromyelitis
optica spectrum disorder (NMOSD) was made. Her condition improved dramatically with systemic corticosteroid. She has remained symptom-free since her initial
presentation and was prescribed oral prednisolone 60 mg
per day for 1 month. There were no ocular complaints
during this episode.
Ocular examination demonstrated visual acuity of 20/
60 improved with pinhole to 20/40 OD, and 20/30 OS.
She appeared orthophoric at primary gaze. There was
bilateral horizontal and upbeat nystagmus. Right-eye elevation was restricted. Pupillary examination showed bilateral equal size of 3 mm with presence of right afferent
pupillary defect. Colour vision and contrast sensitivity
were also diminished in the right eye. The anterior segment in both eyes was unremarkable. Fundoscopy
revealed normal optic disc and macula in both eyes.
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Fig. 1—Magnetic resonance imaging (MRI) ﬂuid-attenuated
inversion recovery (FLAIR) showed hyperintense lesions at
both thalami.

