
DIAGNOSTIC & TREATMENT CHALLENGES OPEN ACCESS

Subacute Horizontal Diplopia, Jaw Dystonia,
and Laryngospasm
Nanthaya Tisavipat, MD, Bryce K. Chang, MD, Farwa Ali, MBBS, Sean J. Pittock, MD, Ryan Kammeyer, MD,

Anthony Declusin, MD, Samuel J. Cohn, MD, and Eoin P. Flanagan, MBBCh

Neurol Neuroimmunol Neuroinflamm 2023;10:e200128. doi:10.1212/NXI.0000000000200128

Correspondence

Dr. Flanagan

flanagan.eoin@mayo.edu

Abstract
Jaw dystonia and laryngospasm in the context of subacute brainstem dysfunction have been
described in a small number of diseases, including antineuronal nuclear antibody type 2 (ANNA-2,
also known as anti-Ri) paraneoplastic neurologic syndrome. Severe episodes of laryngospasms
causing cyanosis are potentially fatal. Jaw dystonia can also cause eating difficulty, resulting in severe
weight loss and malnutrition. In this report, we highlight the multidisciplinary management of this
syndrome associated with ANNA-2/anti-Ri paraneoplastic neurologic syndrome and discuss its
pathogenesis.

From the Department of Neurology (N.T., B.K.C., F.A., S.J.P., E.P.F.), Mayo Clinic, Rochester, MN; Childrens Hospital Colorado (R.K.); Anschutz Medical Campus (A.D.), University of
Colorado; and Colorado Permanente Medical Group (S.J.C.), Denver, CO.

Go to Neurology.org/NN for full disclosures. Funding information is provided at the end of the article.

The Article Processing Charge was funded by the authors.

This is an open access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives License 4.0 (CC BY-NC-ND), which permits downloading
and sharing the work provided it is properly cited. The work cannot be changed in any way or used commercially without permission from the journal.

Copyright © 2023 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of the American Academy of Neurology. 1

http://dx.doi.org/10.1212/NXI.0000000000200128
mailto:flanagan.eoin@mayo.edu
https://nn.neurology.org/content/0/0/e200128/tab-article-info
http://creativecommons.org/licenses/by-nc-nd/4.0/


Case Presentation
A 61-year-old White woman presented with horizontal
binocular diplopia, progressive trismus with jaw pain, and
jaw spasms causing tongue biting over 5 weeks. The trismus
worsened to the point that she could only eat pureed food
and had severe weight loss. She also experienced in-
termittent pressure headache over the left temporal area, loss
of taste, and sometimes metallic taste. Her medical history
included depression treated with duloxetine, a left ovarian
cyst, a thyroid nodule, and shingles over the left eyelid 2
months earlier. She had never smoked, and her family history
was unremarkable. On examination, she had severe hori-
zontal gaze restriction of both eyes with preserved vertical
gaze and mild bilateral ptosis but normal pupillary response.
Limited mouth opening and intermittent jaw spasms were
also observed. The rest of the cranial nerves were intact. She
had full motor power and no sensory deficit. Reflexes were
decreased in the lower extremities, and plantar response was

down-going bilaterally. She had mild left hemiataxia on
finger-to-nose testing, dysdiadochokinesia, and heel-to-shin
dysmetria.

Brain and spine MRIs, CSF analysis, and extensive blood tests
were obtained. An examination of the brain MRI revealed
T2-hyperintense lesions in the dorsal pons and medulla with
no associated enhancement or restricted diffusion (Figure 1,
A and B). The spine MRI was unremarkable. CSF analysis
showed no white cells (normal, 0–5/μL) but showed mildly
elevated protein, 70 mg/dL (normal, 0–35 mg/dL), and 4
oligoclonal bands that were unmatched with serum (normal
range, 0–1). CSF Gram stain, VZV IgG, HSV PCR, VDRL,
IgG index, and cytology showed negative results. Blood test
showed negative results for ACE, aquaporin-4 (AQP4), and
interferon-gamma release assay. She was found to have a low
thiamine level, suspected to result from difficulty eating due to
jaw-opening dystonia.

Figure 1 Brain MRI of the Patient Before and After Acute Treatment With IV Methylprednisolone

(AandB) Initial brainMRI showingT2-hyperintense lesions in the
dorsal pons and medulla. There was no associated enhance-
ment (imagesnot shown); (C andD) TheT2-hyperintense lesions
disappear after acute treatment with IV methylprednisolone.

Glossary
AQP4 = aquaporin-4; FDG-PET = fluorodeoxyglucose PET; HER2 = human epidermal growth factor receptor 2; IVIg = IV
immunoglobulin; MOG = myelin oligodendrocyte glycoprotein; PNS = paraneoplastic neurologic syndrome.
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Localization and
Differential Diagnosis
The patient presented with subacute progressive bilateral
horizontal ophthalmoplegia, bilateral ptosis, jaw dystonia
and spasms, and dysgeusia, which could localize to the
brainstem or cranial nerves. Within the brainstem, bilateral
horizontal ophthalmoplegia could localize to the paramedian
pontine reticular formation or the abducens nuclei in the
dorsal pons, while bilateral ptosis localized to the central
caudal nucleus, a midline subnucleus within the oculomotor
nuclear complex (Figure 2). Excitation in the brainstem
tegmentum could cause jaw dystonia.1 Left hemiataxia sug-
gested involvement of the left cerebellar hemisphere or
spinocerebellar tracts. Headache could either be associated
with trismus or irritation of pain-sensitive structures, such as
the dura, large blood vessels, or the cranial nerves. The
combination of bilateral external ophthalmoplegia and
headache could either result from direct involvement of the
brainstem or be a false localizing sign from increased in-
tracranial pressure. Considering the age at onset and the
subacute progression of brainstem syndrome, differential
diagnoses are outlined in the Table.2-4

The nonenhancing homogeneous T2-hyperintense lesion in
the pons and medulla and inflammatory CSF profile made
neurodegenerative causes less likely. The absence of supra-
tentorial abnormalities also made multiple sclerosis, toxic/
metabolic, prion, and genetic diseases less likely. The indistinct
border of the lesion and absence of enhancement was not
typical for tuberculosis, fungal infection, metastatic cancer, or
lymphoma, which were often well-circumscribed. Primary
brainstem tumor remained a possibility. The patient had no risk
factors for an immunocompromised status and no travel his-
tory to suggest any specific infection. Among autoimmune and
paraneoplastic brainstem encephalitis, jaw dystonia is a rare but
characteristic feature of ANNA-2/anti-Ri paraneoplastic neu-
rologic syndrome (PNS).1 Some patients with anti-Ma2 en-
cephalitis can also develop jaw dystonia (Josep Dalmau,
personal communication). Moreover, jaw dystonia and lar-
yngospasm may occur with paraneoplastic brainstem enceph-
alitis in the setting of lung cancer but without detectable
antibodies (Francesc Graus, personal communication). Iso-
lated brainstem syndromes can occur in AQP4-IgG–positive
neuromyelitis optica spectrum disorder and myelin oligoden-
drocyte glycoprotein antibody-associated disease (MOGAD),
which can be diagnosed by the presence of AQP4-IgG or

Figure 2 Mechanism and Localization of ANNA-2/anti-Ri Paraneoplastic Neurologic Syndrome in This Patient

(A) ANNA-2/anti-Ri IgGs aremarkers of a CD8 T-cell–mediated cytotoxicity process. The antigenic targets of ANNA-2/anti-Ri areNOVA-1 andNOVA-2,which are
RNA-binding proteins responsible for alternative splicing, locating in the nucleus of neurons, particularly in the brainstem and cerebellum. Theoretically,
these antigens are also present in tumor cells (onconeural antigens), and thus B and T cells are activated in the periphery. Because these antigens are
intracellular, CD8 T cells can only detect themwhenpresented byMHC class Imolecules before initiating cell killing. (B) Localization of the symptoms and signs
in the patient are shown. The central caudal nucleus is a midline nucleus within the oculomotor nuclear complex. It controls bilateral levator palpebrae
superioris muscles. The PPRF and abducens nucleus are responsible for horizontal gaze. Nucleus tractus solitarius contains the gustatory nucleus, which
receives tastes. The specific localization of jaw dystonia and laryngospasms are less clear but is believed to be excitation or disinhibition in the pontine
tegmentum. The T2-hyperintense lesions on the MRI are highlighted in red in this diagram. ANNA = antineuronal nuclear antibody; MHC = major histo-
compatibility complex; NOVA = neuro-oncological ventral antigen; PPRF = paramedian pontine reticular formation.
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MOG-IgG in the serum.3 On the contrary, serum ACE is in-
sensitive for neurosarcoidosis, and thus, a negative result did
not exclude the possibility. Neuro-Behcet disease also has a
predilection for the brainstem.

Six weeks after the onset of neurologic symptoms, she noticed a
lump in her right breast. Ultrasound and mammogram revealed
an infiltrative mass in her right breast and axilla, which was
pathologically confirmed to be a stage 2 invasive ductal

carcinoma with estrogen receptor positive, progesterone re-
ceptor positive, and human epidermal growth factor receptor 2
(HER2) negative results.

Paraneoplastic panel revealed antineuronal nuclear antibody
type 2 (ANNA-2, also known as anti-Ri) positivity in the
serum (titer 1:7680) and CSF (titer 1:128) by tissue immu-
nofluorescence, and both were confirmed with western blot
positivity. She was also found to have a low thiamine level,
suspected to result from difficulty eating due to jaw-opening
dystonia. Subsequently, she reported a 60- to 90-second ep-
isode of cyanosis suspected to be secondary to laryngospasm.
There were also episodes of coughing unrelated to oral intake.

Final Diagnosis and Treatment
This patient was diagnosed with ANNA-2/anti-Ri antibody–
associated paraneoplastic brainstem encephalitis with a stage 2
breast carcinoma. The presence of a high-risk antibody ac-
companied by classical phenotypes and cancer for ANNA-2/
anti-Ri consolidated the definite PNS diagnosis according to
the 2021 Updated Diagnostic Criteria for PNS.5

The principles of management of PNS are early treatment of
underlying cancer and immunotherapy.6 An oncologist, a general
surgeon, and a radiation oncologist were consulted for the
treatment of breast cancer. For immunotherapy, she received IV
methylprednisolone for 5 days with minimal improvement and
continued on 60 mg/d of oral prednisone. Repeated brain MRI
showed resolution of lesions (Figure 1, C and D), so prednisone
was tapered down to 10 mg/d before surgery. She underwent
right mastectomy and axillary lymph node dissection, followed
by adjuvant chemotherapy (docetaxel and cyclophosphamide for
4 cycles) and radiation therapy.

Symptomatic management with a multidisciplinary approach
should be performed concurrently. A speech therapist was
consulted for swallowing evaluation and oral diet modification to
accommodate her jaw opening difficulty. Her weight was closely
monitored, and thiamine was prescribed to supplement for its
deficiency. Antipasticitymedication for her jaw-opening dystonia
included meloxicam, diazepam, and cyclobenzaprine, which did
not provide improvement. Movement disorder specialists rec-
ommended botulinum toxin injection to the masseter, tempo-
ralis, medial pterygoid, and platysma, which enabled her to open
her mouth to the point that she could properly brush her teeth
for the first time. The dose of botulinum toxin injection was
gradually titrated at each visit. Baclofen and clonazepam also
provided some small additional benefits.

PNSs associated with antibodies to intracellular antigens, such
as ANNA-2/anti-Ri, have a variable prognosis but are generally
less favorable than those associatedwith antibodies to cell surface
antigens. Subsequently, she reported deterioration of trismus
and a 60- to 90-second episode of cyanosis suspected to be
secondary to laryngospasm. There were also episodes of

Table Differential Diagnoses of Adult-Onset Subacute
Brainstem Syndrome

Disease classification Differential diagnosis

Neoplastic 1. Primary brainstem tumors
a. Gliomas: astrocytoma,

oligodendroglioma, ependymoma
b. Hematologic malignancy: primary

CNS lymphoma
2. Metastatic tumors
a. Parenchymal metastasis
b. Leptomeningeal carcinomatosis

Immune mediated 3. Autoimmune/paraneoplastic brainstem
encephalitis
a. ANNA-1/anti-Hu
b. ANNA-2/anti-Ri
c. Anti-KLHL11
d. Anti-Ma2
e. Anti-IgLON5
f. Antibody-negative brainstem encephalitis

4. CNS inflammatory demyelinating disease
a. Multiple sclerosis
b. AQP4+NMOSD
c. MOGAD

5. Neurosarcoidosis
6. Neuro-Behcet disease
7. CLIPPERS
8. Progressive encephalopathy with rigidity and
myoclonus
9. CNS vasculitides
10. Bickertaff brainstem encephalitis or Miller
Fisher syndrome associated with anti-GQ1b
antibodies

Infectious 11. Bacteria
a. Listeriosis
b. Primary neuro-Whipple disease
c. Mycobacteria: tuberculosis

12. Fungus
a. Cryptococcosis

13. Virus: JC virus (progressive multifocal
encephalopathy including granule cell
neuronopathy)
14. Prion (Creutzfeldt-Jakob disease)

Toxic or metabolic 15. Medication related: metronidazole toxicity
16. Nutritional deficiency: thiamine

Neurodegenerative
(early stage)

17. Multiple system atrophy
18. Progressive supranuclear palsy

Vascular 19. Vascular malformation in the brainstem or
cerebellum: cavernoma

Genetic 20. Adult-onset Alexander disease
21. Niemann-Pick type C

Abbreviations: ANNA = antineuronal nuclear antibody; AQP4+NMOSD =
aquaporin-4-IgG–positive neuromyelitis optica spectrum disorder;
CLIPPERS = chronic lymphocytic inflammation with pontine perivascular
enhancement responsive to steroids; JC virus = John Cunningham virus;
KLHL11 = Kelch-like protein 11; MOGAD = myelin oligodendrocyte gly-
coprotein antibody–associated disease.
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coughing unrelated to oral intake. This progression prompted
initiation of maintenance immunotherapy, so she was prescribed
intravenous immunoglobulin (IVIg) every 3 weeks, before
transitioning to rituximab. Cyclophosphamide, already given as a
part of chemotherapy for breast cancer, was extended to 6
months. A trial of 5 cycles of plasma exchange was also
undertaken.

Despite cancer treatment and immunotherapy, she continued
to have 2–3 episodes of laryngospasm lasting 15–20 seconds a
day, with occasional cyanosis. She had never lost conscious-
ness or required intubation because of this. A whole-body
fluorodeoxyglucose PET (FDG-PET) and CT scan showed
no residual breast cancer.

Laryngospasm was the most concerning symptom for this
patient that could potentially cause critical hypoxia. She felt
that clonazepam helped her laryngospasms, but the mainstay
of management is tracheostomy. The neuroimmunology
team collaborated with otorhinolaryngologists, and trache-
ostomy and alternative management options including bot-
ulinum toxin injections in the larynx were being considered.

At the last follow-up, she had persistent bilateral horizontal
ophthalmoplegia, ataxia, and jaw-opening dystonia with dif-
ficulty eating but to a milder degree. Treatment for breast
cancer was completed with success, but she continued sur-
veillance imaging as planned. Maintenance immunotherapy
was continued with rituximab every 6 months and low-dose
oral prednisone.

Discussion
ANNA-2/anti-Ri is a marker of CD8 T-cell–mediated PNS with
a strong cancer association.5 Classically, patients present with
neurologic syndromes involving the brainstem or cerebellum,
such as ataxia, ophthalmoplegia, opsoclonus-myoclonus syn-
drome, jaw dystonia, and laryngospasm. The stepwise disease
progression and variety of presentations can lead to delayed
diagnosis. More recently, isolated confusion, syndrome of in-
appropriate antidiuretic hormone secretion, and dysautonomia
with central hypoventilation have been described in association
with ANNA-2/anti-Ri PNS. The wide clinical spectrum in-
volving cardiovascular and respiratory system dysfunction make
multidisciplinary care essential for patients with ANNA-2/anti-
Ri PNS, especially those with brainstem involvement.4 More
than 70% of patients have a certain degree of neurologic im-
provement after cancer treatment and immunotherapy, with
variable survival ranging from a few months to several years.4,7

ANNA-2/anti-Ri PNS has a female preponderance, and the
commonly associated cancers are breast cancer in women and
neuroendocrine tumors of the lung or bladder in men. Of
interest, none of the reported patients with breast cancer,
including the present case, had HER2 expression.4 Autopsies
of ANNA-2/anti-Ri PNS patients had shown prominent CD8

T-lymphocyte infiltration, neuronal cell loss with astrogliosis
in the brainstem, and Purkinje cell loss with Bergmann gliosis
in the cerebellum.1,8,9 These regions have a high expression of
neuro-oncologic ventral antigen (NOVA)-1 and NOVA-2,
which are the targets of ANNA-2/anti-Ri.10 NOVA-1 and
NOVA-2 are RNA-binding proteins acting as alternative
splicing regulators responsible for cancer cell proliferation,
invasion, and angiogenesis.11,12

Management of PNS requires cancer treatment and immuno-
therapy. While the rarity of PNS precludes randomized con-
trolled trials, expert opinion suggests that acute immunotherapy
with IV methylprednisolone is often considered as first line.
Second-line treatment is guided by the target antigen location,
either cell surface or intracellular, which determines the un-
derlying mechanism. In those with antibodies to cell surface
targets, additional treatments aimed at antibody depletion
(plasma exchange), neutralization (IVIg), and reducing antibody
production (anti-CD20 B cell depleting agents such as ritux-
imab) are often favored. Antibodies targeting cell surface anti-
gens are considered pathogenic by inducing antibody-dependent
cellular cytotoxicity, complement activation, or functional
blockade. Cyclophosphamide is a cytotoxic agent more often
considered in those with antibodies to intracellular targets, in
whom a CD8 T-cell–mediated process is suspected, particularly
with fulminant presentations.6 However, T cells and B cells work
in tandem, and thus, these treatments may sometimes be used in
combination, as in this case.

Outcomes of PNS with antibodies targeting intracellular
neural antigens, such as ANNA-2/anti-Ri, are generally less
favorable than those with antibodies against cell surface an-
tigens, possibly due to CD8 T–cell associated cytotoxicity.
However, prompt early treatment could potentially limit
neuronal loss and stabilize neurologic symptoms, and im-
provement of ANNA-2/anti-Ri PNS with treatment has been
observed in some patients.1

Laryngospasm is an uncommon manifestation of brain-
stem syndromes that has been reported in the context of
autoimmune/paraneoplastic, neurodegenerative, viral, and
ischemic etiologies.1,13-15 Antibodies reported in association
with laryngospasm include ANNA-2/anti-Ri and IgLON5.1,16

In neurodegenerative diseases, laryngospasmhas been reported
in multiple system atrophy, amyotrophic lateral sclerosis, and
progressive supranuclear palsy and could also be an early
presentation.14,15,17 The pathophysiology is unclear but could
involve either the loss of inhibition of the laryngeal closure
reflex or the stimulation of the superior laryngeal nerve.18

Prolonged episodes of laryngospasm could lead to sudden
death from asphyxiation; therefore, prophylactic tracheostomy
should be discussed.1,16 Caution should be taken in provocative
circumstances such as airway manipulation, emergence from
general anesthesia, or comorbid gastroesophageal reflux dis-
ease.13 Botulinum toxin injection has been explored for the
management of spasmodic dysphonia and laryngeal dystonia
causing stridor but is not yet standard for laryngospasm.19,20
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Symptomatic therapy and comprehensive multidisciplinary
care should always accompany PNS treatment. Jaw dystonia
could be relieved by botulinum toxin injection and antipasticity
medications. Nutritional deficiency from restricted jaw open-
ing, also observed in this patient, is not uncommon.1 Gastro-
stomy tubemight be required to improve intake in severe cases.

In summary, paraneoplastic etiologies should be considered in
the differential diagnosis of subacute brainstem syndromes. The
accompanying manifestations can be potentially life-threating in
the setting of laryngospasm. Jaw dystonia can be complicated by
malnutrition and severely affect the quality of life. A multidis-
ciplinary team is required for the optimal management in these
patients, from treating the culprit cancer to addressing the
downstream complications from PNS.
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