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8 Department of Neuroradiology, Pierre-Paul-Riquet/Purpan University Hospital, Toulouse, France

Erdheim-Chester disease (ECD) is a rare histiocytic disorder, recently recognized to
be neoplastic. The clinical phenotype of the disease is extremely heterogeneous, and
depends on the affected organs, with the most frequently reported manifestations being
bone pain, diabetes insipidus and neurological disorders including ataxia. In this article,
we report on a case of a 48-year-old woman, whose initial symptom of gait instability was
isolated. This was associated with positional nystagmus with central features: nystagmus
occurring without latency, clinically present with only mild symptoms, and resistant to
repositioning maneuvers. The cerebral MRI showed bilateral intra-orbital retro-ocular
mass lesions surrounding the optic nerves and T2 hyperintensities in the pons and middle
cerebellar peduncles. A subsequent CT scan of the chest abdomen and pelvis found
a left “hairy kidney”, while '8 F-FDG PET-CT imaging disclosed symmetric 18F-FDG
avidity predominant at the diametaphyseal half of both femurs. Percutaneous US-guided
biopsy of perinephric infiltrates and the kidney showed infiltration by CD68(+), CD1a(-),
Langerin(-), PS100(-) foamy histiocytes with BRAFY699E mutation. The combination of the
different radiological abnormalities and the result of the biopsy confirmed the diagnosis
of ECD. Many clinical and radiological descriptions are available in the literature, but few
authors describe vestibulo-ocular abnormalities in patients with ECD. Here, we report
on a case of ECD and provide a precise description of the instability related to central
positional nystagmus, which led to the diagnosis of ECD.

Keywords: Erdheim-Chester disease, dizziness, gait, nystagmus, central positional nystagmus, case report

INTRODUCTION

Although Erdheim-Chester disease (ECD) is a rare non-Langerhans cell histiocytic disease, over
the past decade more than 1,000 cases have been reported in the literature (1). The first reports on
two patients date back to 1931 (William Chester and Jakob Erdheim), but it was not until 1972 that
it was named by Jaffe after he had reported a similar case (1).
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Until recently, it was considered an inflammatory, non-
neoplastic disease of unknown origin. However, based on recent
studies, it is now acknowledged that it is a clonal myeloid disorder
due to mutations that activate MAPK (mitogen-activated protein
kinase RAS-RAF-MEK-ERK) pathways (1). In most cases there
are mutually exclusive activating ERK mutations, including
BRAFV$%%F and MAP2K1 mutations (2).

The diagnosis of ECD is based on a combination of
histopathological, clinical and radiological features. Classic
solid lesions show an infiltration of typically foamy or spumous
lipid-laden histiocytes with admixed or surrounding fibrosis
(2). In ECD, tissues are infiltrated by foamy CD68(+),
CD163(+), Factor Xllla(+), CDla(-), and Langerin(-)
fibrotic histiocytes.

These histological impairments clinically result in systemic
damage affecting the urinary tract, bone structures and central
nervous system. In the latter case, dizziness is frequently
reported by patients and examinations of the cerebellum are well
described. However, the literature shows that adequate vestibular
examination is frequently overlooked, the diagnosis of ECD being
often based on extra-vestibular signs.

We are the first to describe the clinical presentation of a
patient, whose only initial symptom was dizziness and isolated
instability with clinical positional nystagmus.

CASE PRESENTATION

A 48-year-old woman presented with gait instability. Her only
medical history was total thyroidectomy for hyperthyroidism due
to a nodular goiter in 2002.

Starting in September 2020, she began to experience dizziness,
which was never really rotatory. She described unsteadiness and
visual blurring during horizontal or vertical movements, with an
impression that this symptom worsened over time. Given the
persistence of this complaint, she consulted a doctor in December
2020. An ENT specialist identified signs of a possible lateral canal
BPPV and after the 1st maneuver referred the patient to physical
therapists for repositioning maneuvers. Despite 10 repositioning
maneuvers, her symptoms persisted.

She was therefore admitted for consultation in our ENT
department in June 2021, for diagnostic and therapeutic
advices. On clinical examination a discrete static cerebellar
syndrome (isolated wide base) was detected. There was no
distal hypopallesthesia, deep tendon reflexes were globally
present and symmetrical, with signs of pyramidal involvement
(bilateral Rossolimo’s sign more marked on the left side,
without Babinski sign). Abdominal reflexes were normally
present on the right and absent on the left. The patient also
had no vesico-sphincteral disorders. There was no dysarthria,
no dysmetria or dysdiadochokinesia and no extrapyramidal

Abbreviations: BPPV, benign paroxysmal positional vertigo; CT, computed
tomography; CPN, central positional nystagmus; MRI, magnetic resonance
imaging; ECD, Erdheim Chester disease; ICP, inferior cerebellar peduncle; MAPK,
mitogen-activated protein kinase; OCT, optical coherence tomography; PN,
positional nystagmus; PET, positron emission tomography.

syndrome. She reported mild dysarthria and transient aphasia
that were undetectable.

There was no ocular instability, and no spontaneous
nystagmus in the light or in the dark. There was no saccadic
intrusion, normal smooth pursuit and no ocular misalignment.
Head shaking caused intense instability, concomitant with
nystagmus with a down beat component, which was low and
transient (5 s). During the supine roll test, we noted very discrete
geotropic horizontal nystagmus on the left side, without any
concomitant vertigo, occurring without latency, and of 30 §
duration. During the right supine roll test, we noted geotropic
nystagmus, occurring without latency, and of short duration
(55s), without any concomitant vertigo. The Dix-Hallpike test was
negative. Bedside or video head impulse test was not performed.
With this atypical positional nystagmus (PN), a central nervous
system cause was suspected. Actually, the fact that vertical
downbeat nystagmus was caused by head shaking and the
roll maneuver immediately triggered pure horizontal nystagmus
(without a torsional component), without latency or vertigo but
only dizziness, which was persistent despite 10 repositioning
maneuvers, were not in favor of PN of peripheral origin.

Subsequently, the patient had a brain MRI (Figure 1) which
showed mild T2 hyperintensities in the pons and bilateral middle
cerebellar peduncles. Incidentally, it also revealed bilateral intra-
orbital retro-ocular mass lesions surrounding the optic nerves.
The lesions were hypointense on T2-weighted images and were
avidly enhanced after gadolinium injection.

The patient also reported that she had been experiencing
blurring in the left eye for a few months, after she was
informed of the presence of an intra-orbital mass. A complete
ophthalmologic examination was performed and was normal
(Fundus, Visual Field, Visual Acuity and RNFL-OCT [Optical
coherence tomography]).

The presence of these lesions led us to consider the possibility
of ECD. Therefore, we performed further tests, including
whole body FDG-PET/CT, blood tests and cardiac MRI, as
recommended (3). She was referred to the neurology and
nephrology departments.

The whole body !®F-DFG PET/CT found multifocal
radiotracer uptake in the long bone marrow, predominantly on
the distal half of the femurs (Figure 2) associated with moderate
radiotracer uptake of left perinephric tissue. The CT scan showed
dense infiltration in upper left quadrant of the kidney (“hairy
kidney”) (Figure 3). These findings confirmed the suspicion
of ECD.

The cardiac MRI was free of abnormalities. Biological findings
included normal renal function (S creatinine, 58 mol/l),
no diabetes insipidus, and normal CRP (C reactive protein),
but thrombocytosis.

A left ultrasound-guided percutaneous renal biopsy of the
upper and peri-renal tissue was performed. A pathological
examination showed perirenal fat and kidney capsule infiltration
by spumous macrophages and CD68(+-), CD1a(-), Langerin(-),
PS100(-) foamy histiocytes bearing the BRAFVF mutation
(Figure 4).

Based on established diagnostic recommendations (3), ECD
was confirmed based on:
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enhanced (arrows).

FIGURE 1 | Brain MRI. (A) Axial CISS was normal for internal auditory canals and cerebellopontine angles, but incidentally depicted bilateral intra-orbital mass lesions
(stars). (B,C) Axial spin echo T2-weighted images revealed hyperintensities in the pons and the middle cerebellar peduncles (arrowheads) and demonstrated bilateral
hypointense retro-ocular mass lesions (arrows). (D) Axial post-gadolinium T1-weighted image, these lesions surrounded the optic nerves sheaths and were avidly

- progressive neurological disorders via the brainstem, with
disorders of balance, and brain MRI images

- Bone '8F DFG-avidity on PET/CT

- Unilateral left hairy kidney and perirenal infiltration
with CD68(+), CDla(-) foamy histiocytes bearing the
BRAFV0F mytation.

Our patient was treated as soon as the diagnostic was confirmed
(end of September 2021) with vemurafenid (480 mg x 2 per
day). In fact, the recommendations for first-line therapy is

BRAF-inhibitor therapy with vemurafenib or dabrafenib (3). She
developed numerous side effects, including severe loosening of
the skin, diarrhea, red eyes, and weight loss. The treatment
was first reduced (240 mg x 2 per day), then stopped after 2
months because of the persistence of these side effects. Treatment
with dabrafenib was therefore initiated (75mg x 2 per day).
As of initiation, she presented iatrogenic bilateral anterior and
intermediate uveitis predominantly on the right with contiguous
papillitis on the right, which led to treatment cessation and
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FIGURE 2 | FDG-PET/CT, showing multifocal radiotracer uptake in the long
bone marrow predominantly on the distal half of the femurs.

reintroduction 10 days later, associated with trametinib (0.5mg
x 2 per day). Besides uveitis, the ophthalmological examination
remained normal.

Except for side effects, clinically the patient is perfectly
stable. The patient continues to complain of isolated instability,
with no other manifestations (except for those related to the
reported secondary effects of the treatment). Wide base persist,
and controlled MRI in February 2022 showed the same lesion
as initial.

DISCUSSION
ECD

To our knowledge, this case of ECD is the first to present solely
with gait disorder symptoms, with central positional nystagmus

(CPN) that led to the discovery of a static cerebellar syndrome
(isolated wide base).

ECD is a rare disease that usually appears in people aged 40
to 70 years, with a slight male predominance (1). The symptoms
depend on the specific organ or system involved.

Symmetric osteosclerosis of femur, tibia, and fibula
metadiaphysis is almost always discovered on radiographs
in ECD (>95% of cases). This anomaly is best depicted by
the absorption of a radiotracer in *™Tc bone scintigraphy or
18F DFG-PET/CT scan (2). Bone pain is the most common
presenting symptom of ECD, and occurs in 50% of the cases.
It is mainly localized in the lower limbs (1). Our patient had
no complaint of pain, but the PET identified multifocal bone
radiotracer uptake, predominantly at the distal half of the femur.

ECD mass formations have been reported in various tissues,
such as the retroperitoneum, neck, orbit and breast (4). Intra-
orbital infiltration causing exophthalmos is observed in 25% of
cases. For our patient (no clinical exophthalmos), there was an
infiltrate around the two optic nerves, and the patient reported
visual problems only after being informed of the presence of
intra-orbital masses. The ophthalmological assessment found
no impact on the optic nerves, nor any abnormalities in the
visual field or OCT. Radiologists and ophthalmologists should
be aware of this type of abnormality, because although this
presentation is rare, it should be considered in the diagnosis of
ECD (5, 6).

Dense infiltration of perinephric adipose tissue, described as
“hairy kidney” is also common (68% of cases) (2), and was
unilateral in our patient.

Neurological signs are reported at the time of diagnosis in 25%
of cases and in 50% during progression. Pituitary impairment
which causes diabetes insipidus (DI) is also common (22 to 47%
of cases), as well as cerebellar or pyramidal impairment, found
in 25% of cases. Neuropsychiatric symptoms are reported in
up to 21% of cases, and cardiovascular manifestations in 22—
36% of cases. Retroperitoneal fibroinflammatory lesions affects
30% of cases, ureteral obstruction being the most frequent
complication. In addition, 10% of the patients have myeloid
disease, in particular myelomonocytic leukemia (1).

Ataxia is found in 23% of patients and is associated with
lesions involving retrobulbar fat or optic chiasma, and the
cerebellum or the dentate area. Ataxic patients frequently
have dysmetria, nystagmus, Babinski sign, and/or tendon
hyperreflexia on physical examination (1). In a large series
with 53 patients, Parks et al. described neurological symptoms
found in 47% of the cases (25/53), with imbalance (n = 17),
headache (n = 11), cognitive changes (n = 6), dysarthria (n
= 6), diplopia (n = 5), dysphagia (n = 4), focal sensory
deficit (n = 4) and focal motor deficit (n = 2) (7). Therefore,
balance disorders are frequently found in patients with ECD.
However, they are poorly described, including when there is
a possibility of nystagmus, which is hardly described in the
literature. The study by Batjia et al. on 30 patients, reported
63% of ataxia, but without details on physical examination
and no description of possible nystagmus (8). Lauricella et al.,
described a case with gaze nystagmus, associated with other
neurological signs, including hypermetria and dysarthria (9). Na
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FIGURE 3 | Axial CT-Scan showing dense infiltration of left perinephric adipose tissue (“hairy kidney”).

et al,, reported the case of a patient with dysarthria, dysmetria
and gaze nystagmus, associated with joint pain and painful
axillary masses (4). Our patient presented with only CPN
that was isolated and wide based. CPN has been associated
with lesions involving the cerebellar vermis, nodulus and/or
uvula, the dorsolateral region of the 4th ventricle, the tonsils,
nucleus prepositus hypoglossi, and inferior, middle and superior
cerebellar peduncles (10). The central positional nystagmus,
either apogeotropic or geotropic, has been well described in
inferior cerebellar peduncle (ICP) lesions damaging the fibers
running from the nodulus/uvula onto the vestibular nucleus via
ICP. Perverted head shaking nystagmus in this case also support
an impairment of this connection or of the nodulus/uvula
itself (11). ICP lesions are known to cause a distinct vestibular
syndrome (12). However, on MRI, our patient had no visible
lesion in the ICP. MRI showing T2 hyperintensities in the pons
and middle cerebellar peduncles (MCPs), with no extension to
the caudal dorsolateral portion of the 4th ventricle, which is
the localization of the ICP. Our patient had lesions involving
the middle cerebellar peduncles which could explain part of
these presentation.

The Central Positional Nystagmus

Due to the non-specific clinical presentation, ECD is often
difficult to diagnose, and a few cases involve isolated balance
disorder as a mode of discovery. Our patient had very few
clinical signs, but the presence of CPN led to encephalic imaging,
and thus enabled the discovery of typical intra-orbital masses,

associated with T2 hyperintensities of the pons and middle
cerebellar peduncles, which led to a suspicion of ECD.

PN is defined as nystagmus caused by a change in position,
with respect to gravity (13). It is then classified according to
various characteristics and the site of the lesion as central or
peripheral PN. There are multiple characteristics whereby a
distinction can be made between a central and a peripheral
PN, including whether it is paroxysmal or persistent, the
latency, duration, fatigability, and the response to repositioning
maneuvers. Many articles are available in the literature on
CPN, and a 2017 meta-analysis analyzed the characteristics of
nystagmus that led to the diagnosis of CPN. They show that
although no rigorous study had evaluated the prevalence of
CPN, it could be related to 11-12% of the positional nystagmus
seen in oto-neurology consultation (14). Given the nature of the
underlying impairment which is often serious, it is important to
bear in mind the clinical elements that should evoke a central vs.
peripheral etiology in this context. Some of the clinical features
of a CPN origin are the pureness of the nystagmus (no torsional
component), or a mix of horizontal and torsional nystagmus, as
well as vertical components. For nystagmus triggered by canal
stimulation, the atypical character of the nystagmus as well as
the absence of improvement with repositioning maneuvers is a
strong argument for CPN. The absence of latency is also a reliable
and frequent indicator, as was the case in our patient. So there are
many arguments, and it should be borne in mind that PN is not
always peripheral (14). Once again, the example of our patient
illustrates the value of rigorous analysis in the presence of PN.
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(hematein-eosin-saffron, original magnification, x100).

FIGURE 4 | Pathological examination showed perirenal fat and kidney capsule infiltrate made up of histiocytes, some of them with foamy cytoplasm

CONCLUSION

Our case of ECD is the first that concerns a patient
with only a complaint of instability, and offers a precise
description of vestibulo-ocular abnormalities in this setting.
A clinical examination identified CPN, and an associated
static cerebellar syndrome. Together with suggestive imaging,
these manifestations made it possible to diagnose ECD. Gait
disturbance might be an underestimated entry sign of ECD.

Therefore, the ability to differentiate CPN from peripheral
PN might be crucial for early discovery of some complex
neurological diseases.
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A discussion on suppurative labyrinthitis associated with chronic suppurative otitis media
(CSOM) may seem to be an outdated issue due to the advent of antibiotics in the
last century. In previous literature, limited cases of suppurative labyrinthitis have been
reported. This case, therefore, is an excellent and rare opportunity to study its clinical
symptoms, diagnoses, and treatments. This report described the case of a 39-year-old
female with a history of CSOM for 20 years, and she often presented with otorrhea,
vestibular disorder, and hearing impairment. CT of the temporal bone revealed fistulae
in both the basal turn of the cochlea and the horizontal semicircular canal. Combined
with the otolaryngology examination results, suppurative labyrinthitis was considered.
During a three-month follow-up, her symptoms were improved significantly after surgery.
In conclusion, suppurative labyrinthitis must not be overlooked and neglected; early
diagnosis and treatments are of vital importance.

Keywords: suppurative labyrinthitis, hearing loss, vestibular disorder, semicircular canals, cochlea, fistulae

INTRODUCTION

Suppurative labyrinthitis is an inflammatory process involving bacterial invasion of the cochlea
and vestibule (1). Bacteria can invade into the inner ear through oval window, round window, or
pathologic fistula of the labyrinth leading to necrosis of membranous labyrinth, endolymphatic
hydrops and so on. Symptoms of the disease are characterized by vertigo, tinnitus, nystagmus, and
hearing impairment in the presence of a middle ear infection (2). Suppurative labyrinthitis, as one
of the complications of chronic suppurative otitis media (CSOM), has been greatly reduced because
of the widespread use of antibiotics (3, 4). However, this kind of disease still occur, especially in
less favored communities in developing and developed countries, with significant morbidity (1, 4).
Previous study had indicated suppurative labyrinthitis was identified as the most disabling among
complications induced by CSOM, in that, affected individuals might experience complete hearing
loss, seriously affecting their quality of life (5). Therefore, this disease should be valued. We present
the case of a female patient with suppurative labyrinthitis aimed to gain a better understanding of
its clinical symptoms, diagnoses, and therapies.

CASE DESCRIPTION

A generally healthy 39-year-old female with a history of CSOM for 20 years was seen at the
otorhinolaryngology department of a local hospital. She presented with a 2-month history of
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vertigo, tinnitus, hearing impairment, and perforation in her left
tympanic membrane (TM) with foul-smelling purulent drainage.
Each episode of vertigo lasted several seconds and worsened
with activity and eased with inactivity. In severe cases of the
vertigo, she had sometimes fallen to the floor, making it clear
that the condition affected the quality of life of the patient. The
local otolaryngologist prescribed ofloxacin ear drops, betahistine
mesylate, gingko biloba extract, etc. The symptoms were relieved
after treatments on nine consecutive days. However, these
drugs treated the symptom, not the underlying problem. The
perforation, drainage, and vertigo reoccurred once the treatments
were stopped. Hence, those resolutions are temporary and it is
necessary for the patient to search for a more effective therapy to
treat the disease.

For further treatment, the patient was admitted to our
hospital in February 2021. She underwent physical examinations
and a detailed audiovestibular evaluation including pure
tone audiometry (PTA), acoustic immittance testing, oscular
(oVEMP) and cervical vestibular-evoked myogenic potentials
(cVEMP), and head-impulse paradigm (HIMP). PTA was
performed to evaluate the level of hearing loss. Acoustic
immittance testing was performed to evaluate sound
transmission function in the middle ear. The oVEMP was
used to evaluate the functions of utricular and superior
vestibular pathways, and the cVEMP was performed to
evaluate the saccular and inferior vestibular pathway functions
(6). For HIMP, it was performed to evaluate the functions
of three semicircular canals (7). She also had CT of the
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FIGURE 1 | (A) Oto-endoscope showed perforation in the left tympanic membrane with formation of granulation tissue and cholesteatoma. (B) There was no
response to air and bone conductions in the left ear. PTA, pure tone audiometry. (C,D) The VEMPs could not be elicited in the left ear. VEMP, vestibular evoked

myogenic potentials; oVEMP: ocular VEMP; cVEMP: cervical VEMP. (E) The HIMP revealed reduced VOR gains of the lateral, superior, and posterior semicircular
canals in the left ear. HIMP, head-impulse paradigm; VOR, vestibulo-ocular reflex.
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FIGURE 2 | (A,B) Computed tomographic images of the temporal bone showed fistulae (yellow arrows) in both the basal turn of the cochlea and the horizontal
semicircular canal. (C) Fistulae in both the basal turn of the cochlea and the horizontal semicircular canal were evident during the operation. Co, cochlea;
ET, epitympanum; F, fistula; FN (m), mastoid segment of facial nerve; LSC, lateral semicircular canal; MFP, middle fossa plate.

fistulae. Scale bar, 50um (x20).

FIGURE 3 | H&E staining of biopsy specimen showed cholesterol clefts [(A), yellow arrow] and inflammatory granulation tissue formation [(B), yellow arrows] around

temporal bone and MRI of the inner ear to find lesion
sites intuitively.

On her physical examinations, Romberg’s test was positive
since the patient was unable to maintain an upright stance and
her body leaned to the left side with eyes closed. Hennebert’s
sign was positive for the elicitation of pressure-induced
nystagmus. The patient did not exhibit eye movements
induced by sound, indicating the Tullio’s phenomenon was
negative. Oto-endoscope revealed an intact and clear right
TM, and bloody and purulent secretions filling the left external
auditory canal. Evacuation of the purulence showed perforation
in her left TM with formation of granulation tissue and
cholesteatoma  (Figure 1A). Tympanometry examination
showed a “B” type flat curve, indicating there was perforation
in the tympanic membrane or blockage of the auditory
canal (Supplementary Figure 1, Supplementary Video 1).
The PTA illustrated there were no response to air and bone

conductions in the left ear, but normal hearing in the right ear
(Figure 1B). The patient showed absence of both oVEMP and
cVEMP on the left side in bone-conducted vibration mode,
with 500 Hz tone-burst stimulation delivered at 131 dB FL
(Figures 1C,D). The VEMPs results elicited by air-conducted
sound (ACS-VEMPs) and galvanic vestibular stimulation
(GVS-VEMPs) are shown in Supplementary Figure 2. The
HIMP displayed reduced vestibulo-ocular reflex (VOR) gains
of the lateral, superior, and posterior semicircular canals
during head impulses to the left side (Figure 1E). The CT
scans of the temporal bone detected fistulae in both the
basal turn of the cochlea and the horizontal semicircular
canal (Figures 2A,B). Our MRI showed the vestibule and
the cochlea were presented as nearly isointense on TI-
weighted  imaging (Supplementary Figures 3A,B).  After
contrast administration, the portion of lesion was slightly
enhanced (Supplementary Figures 3C,D). Eventually, a clear
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diagnosis of suppurative labyrinthitis was made after combining
with speciality test results.

The patient underwent tympanoplasty after significant
reduction of otorrhea. Intraoperative exploration revealed the
entrance of the tympanum was obstructed by large amounts
of cholesteatoma and granulation tissue, and there was a large
amount of granulation tissue with cholesteatoma epithelium
in the posterior tympanum. The surgical procedure was
complicated by the intraoperative finding of fistulae in both
the basal turn of the cochlea and the horizontal semicircular
canal during surgery (Figure 2C). Interestingly, we found the
granulation tissue gushed out of the horizontal semicircular
fistula when the cochlear fistula was pushed, indicating formation
of granulation tissue in the labyrinth (Supplementary Video 2).
The horizontal semicircular canal was packed with temporalis
myofascial flap after clearing up granulation tissue and necrotic
tissue. H&E staining of the biopsy specimen showed cholesterol
clefts and inflammatory granulation tissue formation around the
fistulae (Figure 3). The diagnosis of suppurative labyrinthitis
was made again. The patient was discharged when antibiotic
therapy was completed for 1 week after surgery. We provided
important issues regarding maintaining a healthy lifestyle,
including keeping the ears dry, avoiding scratching the ears, and
persisting in vestibular rehabilitation training. During 3 months
of follow-up, the patient was released from vertigo and otorrhea,
and she expressed that surgery was a right choice. However, her
hearing loss did not improve.

DISCUSSION

During the last 20th century, the introduction of antibiotics
and immunizations led to a notable reduction in morbidity
from complications related to otitis media (8). Intratemporal
complications associated with otitis media mainly include
labyrinthine fistula, mastoiditis, peripheral facial palsy, and
labyrinthitis. Labyrinthitis is the least frequent complication
with an annual incidence rate of 0.1% (4). Labyrinthitis usually
consists of circumscribed labyrinthitis, serous labyrinthitis,
and suppurative labyrinthitis. The identification of suppurative
labyrinthitis is usually apparent through the observation of
typical symptoms, which include hypacusis, tinnitus, vertigo,
and moderate to severe mixed hearing loss (2, 3). Vertigo and
disequilibrium are usually the presenting symptoms and can
cause grave mortality. Vestibular neuritis and sudden deafness
may also present with severe impairment of vestibular function,
indicating that the diagnosis of suppurative labyrinthitis is not to
be made based only on clinical symptoms (1, 9, 10).

Imaging tests are important tools to better understand
pathological features and play an important role in diagnosis.
Previous research has shown gadolinium in MRI is essential
to detect inner ear inflammatory lesions and the temporal
bone CT scans can identify lesion extent and location (11,
12). In our case, we found fistulae in both the basal turn of
the cochlea and the horizontal semicircular canal through the
temporal bone CT scans. This provides an important basis
for us to quickly find the lesion site during the operation.
We did find fistulae in both the basal turn of the cochlea
and the horizontal semicircular canal during the surgery. H&E

staining results of biopsy specimen showed the fistulae were
filled with inflammatory granulation tissue and cholesterol clefts,
indicating the patient is in the fibrosis stage of suppurative
labyrinthitis (13). It is assumed that close contact of the
infected granulation tissue and the underlying perilymph play
a crucial role in the occurrence of physiopathological process
(14, 15). However, there is no concrete and direct evidence
of inflammation occurring during the period of suppurative
labyrinthitis, and the studies of inflammatory response kinetics
within the human inner ear are still limited (11). If we better
understand the inflammatory process and its course, we can
provide personalized treatments through identifying the type
and the location of lesions. On 3 months of follow-up, our
patient was released from vertigo after the surgery. We assumed
that her vestibular symptoms were ameliorated through the
process of vestibular functional compensation. Indeed, there
is a spontaneous functional recovery because of neuronal and
behavioral plasticity. For this reason, the intrinsic plasticity of the
nervous system to reorganize may overcome the damages of the
peripheral vestibular system, leading to a mitigation of vestibular
symptoms (16). However, we found there was no improvement in
hearing after surgery, suggesting once the inflammatory process
developed into the inner ear, it resulted into an inevitable
cell damage process (3). Thus, the hearing loss was already
established when the patient was diagnosed with suppurative
labyrinthitis. Regrettably, the patient missed the best time for
diagnosis and treatments.

Early diagnosis and treatments of suppurative labyrinthitis are
crucial to minimize the morbidity and mortality, and the doctor
should be suspicious of this kind of disease when there are typical
symptoms at present (15, 17). The decrease in morbidity and
mortality may be attributable to advances in critical care, further
studies on the mechanisms of inflammation, improvements in
surgical techniques, close operation among clinics, and early
referral of patients to otolaryngology.
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Background: Several canalith repositioning procedures (CRPs) such as Gufoni
maneuver have been proposed to treat the apogeotropic lateral semicircular canal
variant of BPPV (LC-BPPV). The reported success rate varied widely in different studies.
Research showed that there was arisk of treatment failure due to insufficient repositioning
of the debris. So far, there is insufficient evidence to recommend a preferable CRP for
apogeotropic LC-BPPV.

Case description: A 49-year-old woman and a 48-year-old man diagnosed
with apogeotropic LC-BPPV relapse were treated with original Gufoni maneuver
for apogeotropic variant but no satisfactory result was obtained. A variation of
Gufoni maneuver originally proposed for the geotropic variant was applied to detach
otoconia toward the utricle or the non-ampullary arm. Apogeotropic nystagmus was
successfully transformed into the geotropic variant. The subsequent Gufoni maneuver
was successful. On a 64-year-old male with untreated apogeotropic LC-BPPV, we
performed the Gufoni maneuver variation and observed a change in nystagmus direction.
In all the three cases, no relapse of vertigo was reported after 1 month.

Conclusion: The new application of Gufoni maneuver variation may improve the
treatment of apogeotropic LC-BPPV. Treatment efficacy and patient-specific optimization
such as head rotation angle deserve a large-scale validation and further investigation.

Keywords: canalith repositioning procedure, benign paroxysmal positional vertigo (BPPV), semicircular canals,
Gufoni maneuver, case report, apogeotropic variant

INTRODUCTION

Benign paroxysmal positional vertigo (BPPV) is the most frequent peripheral vestibular disorder
induced by changes in head position relative to the gravitational axis (1). Of all BPPV cases,
LC-BPPV is the second commonest subtype after posterior semicircular canal BPPV (PC-BPPV)
(2). The apogeotropic variant of LC-BPPV is attributed to otoliths attached to the cupula
(cupulolithiasis) on the canal side (Cup-C) or the utricular side (Cup-U), or free-floating otoliths
in the ampullary arm of the LC (3). Owing to the three different pathological types, the treatment
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of this variant is difficult. Several canalith repositioning
procedures (CRPs) have been proposed for the apogeotropic
variant (4), such as a new variation of Gufoni maneuver, i.e.,
the Zuma maneuver (5, 6), and recently, the mastoid vibration
maneuver (7).

As one of the commonest CRP for LC-BPPV, the Gufoni
maneuver has two variations. The original variation proposed for
the geotropic variant of LC-BPPV consists of a quick movement
onto the unaffected side followed by a downward head rotation,
i.e., the “Gufoni nose-down” variation (8). Ciniglio Appiani et
al. described the details of this variation in a publication in
English in 2001 (9). In contrast, the variation originally proposed
for apogeotropic LC-BPPV consists of a quick movement onto
the affected side followed by an upward head rotation, i.e., the
“Gufoni nose-up” variation (10).

The Gufoni maneuver for the apogeotropic variant (Gufoni
nose-up variation) was considered efficient in converting LC-
BPPV from the apogeotropic to the geotropic form (10). A
randomized clinical trial indicated that the Gufoni maneuver was
more effective than the head-shaking maneuver, with a 73.1%
success rate (11). However, the reported success rate varied
widely in different studies, which could be considerably lower.
Research showed that there was a risk of treatment failure due
to insufficient repositioning of the debris when the Gufoni nose-
up variation was applied in apogeotropic LC-BPPV (12). So far,
there is insufficient evidence to recommend a preferable CRP for
apogeotropic LC-BPPV (13).

Recently, we had observed three patients experiencing severe
apogeotropic LC-BPPV. We first performed the Gufoni nose-
up variation but failed to convert it into the geotropic variant.
Thus, we adopted the Gufoni maneuver for the geotropic variant
(Gufoni nose-down variation) to treat the apogeotropic variant
and achieved good efficiency.

METHODS

In the Gufoni nose-up variation for the apogeotropic variant,
the patient is quickly moved from the sitting position onto the
affected side, followed by a rapid 45° upward head rotation before
returning to the sitting position (14). In contrast, the Gufoni
nose-down variation adopted in this study, which is based on
the Gufoni maneuver presented by Ramos et al. (14), starts from
the sitting position, from which the patient is moved quickly
onto the unaffected side, followed by a quick 45° downward
turn and holding for 2min (Figure 1). If the transformation
of the nystagmus direction is achieved, the Gufoni maneuver
for the geotropic variant (Gufoni nose-down variation) will be
further performed.

CASE PRESENTATION

Case 1

A 49-year-old female with no history of vertigo experienced
her first vertigo attack 3 months ago without any symptoms of
headache, tinnitus, or deafness. The vertigo episode was related
to her head position with a short duration of ~1-2min. The
patient had no previous history of other chronic diseases. She had

been diagnosed with apogeotropic LC-BPPV in our neurology
department and was repositioned with the Gufoni maneuver
(Gufoni nose-up variation). The vertigo relapsed 1 day ago before
her second admission. The neurophysical examination showed
negative results. No spontaneous or gaze-evoked nystagmus was
found. The Brain CT showed no structural lesions. The supine
roll test was performed with the patient lying on the examination
table. Her head was briskly rotated to the right side from the
supine position. An apogeotropic nystagmus lasting over 1 min
was observed. After the maximal head yaw movement to the
right, the patient’s head was brought to the supine position
and then briskly rotated to her left, which elicited a stronger
apogeotropic nystagmus lasting over 1 min. According to Ewald’s
second law, the right side was the affected side. We performed the
Gufoni nose-up variation once a day for 1 week, but there was no
transformation of nystagmus direction. Then, we performed the
Gufoni nose-down variation. The patient was brought onto the
left side from sitting position. A horizontal nystagmus beating
toward the uppermost ear was evoked. After a few seconds,
the patient’s head was inclined 45° downward in the yaw plane
and held for 2min. During this, we observed the nystagmus
transforming into the geotropic variant. Subsequent treatment
with the Gufoni maneuver (Gufoni nose-down variation) was
successful. At the 4-week follow-up, the patient reported no
vertigo relapse.

Case 2

A 48-year-old male with no history of vertigo suffered from
serious vertigo 1 month ago and remitted spontaneously, and
had a relapse 2 days ago while getting up. The vertigo attack was
associated with positional change of the head. The neurological
examination revealed normal cranial nerve. Strength was grade
5/5 in all four limbs with normal deep tendon reflexes. No
spontaneous or gaze-evoked nystagmus was found. Brain MRI
scanning revealed no structural lesions. He was diagnosed with
right apogeotropic LC-BPPV in the supine roll test by observing
the intensity of the nystagmus as in case 1. The Gufoni nose-up
variation was performed, but no satisfactory result was obtained.
Then, we performed the Gufoni nose-down variation. When the
patient was briskly turned to left side-lying position from the
sitting position, an apogeotropic nystagmus was observed. After
a 45-degree downward turn and 2 min holding, the nystagmus
was transformed into the geotropic form. He was treated with the
Gufoni maneuver (Gufoni nose-down variation) subsequently
and reported no relapse after 1 month.

Case 3

A 64-year-old male had positional vertigo 3 days ago. He had
no history of vertigo before. No positive result was found in
brain MRI and neurophysical examination. He was diagnosed
with left apogeotropic LC-BPPV in the supine roll test by
observing the intensity of the nystagmus as in cases 1 and
2 (Supplementary Video 1). We performed the Gufoni nose-
down variation. The patient’s head was first taken to the right
lateral recumbent position where an apogeotropic nystagmus
was induced and subsequently quickly rotated 45° downward.
In about a minute, we observed the translation of nystagmus
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Side lying to the unaffected side
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Passive downward rotation
of the head 45 degrees

FIGURE 1 | New application of the Gufoni maneuver for apogeotropic LC-BPPV. The right side is the affected side.

_

\

FIGURE 2 | New application of the Gufoni nose-down variation. (A) Debris on the canal side. (B) Debris on the utricular side. The right side is the affected side in both
cases.

direction. Then, he was treated with the Gufoni maneuver  acceleration to detach the otoconia from the cupula. If separation
(Gufoni nose-down variation), and the nystagmus disappeared. ~ had been achieved in the first step, the 45-degree downward

He reported no vertigo relapse at 1 month follow-up. turn could facilitate the movement of the detached otoconia
toward the utricle or the non-ampullary arm. During our
DISCUSSION repositioning procedures, the nystagmus was transformed to

the geotropic variant. The most likely explanation was that the
An apogeotropic nystagmus that never becomes geotropic is a  otoconia moved to the non-ampullary arm. We considered that
sign of cupulolithiasis in peripheral vertigo (14). We assume two ~ the most possible diagnosis of these patients was Cup-C. In
application scenarios of the proposed maneuver (Figures 2A,B).  the latter form (Figure 2B), the patient will be moved from
In the first situation, the otoconia are located on the canal side  the sitting position to the side-lying position on the healthy
(Figure 2A). In our new application of the Gufoni maneuver  side, attaining the most gravity-dependent position after a brisk
(i.e., using Gufoni nose-down variation for apogeotropic LC-  deceleration. Under the dual effects of gravity and inertia, the
BPPV cases), as the three patients lied on the unaffected side  otoconia will be separated from the cupula. In the second
from the sitting position, the lateral semicircular canal was  step, which requires quick deceleration, the inertia favors the
on the earth-vertical plane. In this position, the otoconia are  otoconial movement toward utricle. There is no need for another
located above the cupula. Then, the head was suddenly rotated =~ Gufoni maneuver (Gufoni nose-down variation) if repositioning
toward the ground. These two steps required rapid angular  is obtained.
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According to the latest guidelines, there are two ways of
Gufoni maneuver for treatment of two cupulolithiasis variants
(13). However, the operator could not decide the proper
maneuver at the first stage of treatment. This may cause clinical
treatment failure. Inspired by existing studies, we adopted the
Gufoni nose-down variation to separate otoconial debris from
the cupula for apogeotropic LC-BPPV. Theoretically, the two
subtypes of cupulolithiasis can be treated with this repositioning
maneuver. This method might provide a reference for the
development of a unified repositioning maneuver for both
subtypes of cupololithasis using gravity and inertia (14). We
believe that a single repositioning maneuver for all the variants
of LC-BPPV could help the neurotological clinical practice.

However, there are some limitations in this study. We did not
perform the bow and lean test and the seated supine positioning
test (SSPT), which can fully confirm the diagnosis of LC-BPPV
(6). The treatment efficacy requires further large-scale validation.
Further investigation is needed regarding its patient-specific
optimization such as head rotation angle. Video-Frenzel goggles
are also needed to remove visual fixation.
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Case report: Bitter vertigo

Nicolina Goldschagg'*, Christian Brem? and Michael Strupp?

!Department of Neurology and German Center for Vertigo and Balance Disorders, Ludwig
Maximilians University, Munich, Germany, 2Institute of Neuroradiology, University Hospital, Ludwig
Maximilians University, Munich, Germany

Background: There are many causes of episodes of vertigo and very few
causes of episodes of changes in taste, and the combination of the two is very
rare. Here, we describe a patient with recurrent short episodes of vertigo in
combination with simultaneous episodes of recurrent paroxysmal dysgeusia
and altered feeling on the left side of face. The symptoms were caused
by compression of the vestibulocochlear nerve and the facial nerve due to
dolichoectasia of the basilar artery.

Methods: The patient was diagnosed in our routine clinical practice and
underwent a complete neurological and neuro-otological examination,
including video head impulse test, caloric irrigation, ocular and cervical
vestibular evoked myogenic potentials, acoustic-evoked potentials, neuro-
orthoptic examination, cranial MRI, and MR angiography. The patient was seen
twice for follow-up.

Case: A 71-year-old patient primarily presented with a 2-year history of
recurrent short episodes of spinning vertigo. Each of the episodes began with
an altered feeling on the left side of the face, followed by a bitter taste on
the left half of the tongue, and subsequently vertigo lasting for up to 15s. The
frequency of the attacks was high: up to 80 times per day. Laboratory tests
revealed signs of a peripheral vestibular deficit on the left side. There were no
signs of sensory or motor deficits or of altered taste between the episodes. An
MRI of the brain showed an elongated basilar artery leading to an indentation
of the facial and vestibulocochlear nerves on the left side.

Conclusion: We propose a neurovascular compression in the proximal part
of two cranial nerves because of pulsatile compression by the elongated
basilar artery with ephatic discharges as the cause of the recurrent episodes.
Consistent with the theory of ephatic discharges, treatment with the sodium
channel blocker lacosamide for over six months with a final dosage of
200mg per day p.o. led to a significant reduction of the attack frequency
and intensity. This treatment option with a sodium channel blocker should
therefore not only be considered in vestibular paroxysmia but also in cases
of paroxysmal dysgeusia.

KEYWORDS

vertigo, basilar artery aneurysm, vestibular paroxysmia, case report, dysgeusia,
dolichoectasia
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Introduction

There are a several common causes of changes in
taste, including chemotherapy or infections, but paroxysmal
dysgeusia has rarely been described (1). This case report
describes a combination of vestibular, sensory, and gustatory
symptoms due to compression of two cranial nerves because
of dolichoectasia of the basilar artery. Recurrent short
oligosymptomatic episodes of vertigo are also rare and are
the leading symptom of vestibular paroxysmia (2), most often
caused by neurovascular compression.

Case description

A 71-year-old patient presented with a 2-year history of
recurrent very short episodes of spinning vertigo. Each of the
episodes started with an altered feeling on the left side of the
face, followed by a bitter taste on the left half of the tongue, and
subsequently vertigo lasting for up to 10 to 15s. He had a high
frequency of attacks of up to 80 times per day.

The patient was seen in our routine clinical practice
in the neurological outpatient clinic of LMU Munich. He
underwent a complete neurological, neuro-otological, and
neuro-ophthalmological examination, including video head
impulse test, caloric irrigation, ocular- and vestibular-evoked
myogenic potentials, acoustic-evoked potentials, neuro-
orthoptic examination, cranial MRI, and MR angiography. The
patient was seen twice for follow-up: after a treatment period of

6 months and after 4 years without medication.

Diagnostic assessment

The neurological examination revealed horizontal head-
shaking nystagmus to the right. There were no signs of persisting
sensory or motor deficits or of a taste deficit between the
attacks. The video head impulse test showed a decreased gain
of the VOR (gain on the left: 0.54, right: 0.83) and the caloric
testing reduced excitability on the left side (mean peak slow
phase velocity on the left with cold water 6.1°/s, with warm
water 4.7°/s, on the right with cold water 13.2°/s, and with
warm water 21.3°/s; side difference 52%). The amplitudes of
the ocular vestibular-evoked myogenic potentials were reduced
on the left side (pl-nl amplitude: left 3.7V, right 5.4 uV), as
were the amplitudes of the cervical vestibular-evoked myogenic
potentials (pl-nl amplitude: left 74 wV, right 102 pV) (for
details please refer to Supplementary Figure 1). The acoustic-
evoked potentials were normal.

The MRI of the brain showed an elongated basilar artery
leading to an indentation of the facial and vestibulocochlear
nerves on the left side (Figure 1). On the MRI, no contact
between the elongated basilar artery and the trigeminal and
glossopharyngeal nerves was seen. There was also no evidence
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of brainstem edema, and no macroangiopathy or stenosis of the
neck vessels was detectable on ultrasound.

The treatment with initially lacosamide 50 mg in the evening
and later 200mg per day p.o. led to a significant and stable
reduction in the attack intensity and frequency from 80 to 1-
2 attacks per day over nearly 5 months. The medication was
stopped after the follow-up visit after 6 months at the request
of the patient.

The follow-up visit after 4 years revealed 5-10 attacks
per day without medication. The video head impulse test
during the follow-up after 4 years still showed a decreased
gain of the VOR (left: 0.71, right: 1.09) and caloric testing
progressive reduced excitability on the left side (mean peak
slow phase velocity on the left with cold water 2.8°/s,
with warm water 2.3°/s, on the right with cold water
20.8°/s, and with warm water 9.2°/s; side difference 71%).
The amplitudes of the ocular vestibular-evoked myogenic
potentials were low on both sides (pl-nl amplitude: left
1.1 pV, right 1.7 pV), and the cervical vestibular-evoked
myogenic potentials were reduced on the left side (pl-nl
amplitude: left 70 WV, right 187 pV) (for details please refer to
Supplementary Figure 2).

Discussion/Conclusion

Basilar artery dolichoectasia has a prevalence of about 0.8
to 4% (3), with higher values in older men, as in this case.
Intracranial arterial dolichoectasia is well-known in patients
with stroke, with an incidence of up to 17% in patients
with posterior circulation stroke and over 45 years of age
(4). A dolichoectatic artery can also lead to compression
of cranial nerves with well documented case reports of
hemifacial spasm (5), trigeminal neuralgia (6) or vestibular
paroxysmia (7) or a combination of several symptoms. For
instance, there are patients who have, in addition to recurrent
episodes of vertigo, other neurological symptoms and signs
such as facial hemispasm (8, 9) due to combined irritation of
cranial nerves VIII and VII in the meatus acusticus internus
where both nerves lie close to each other. There is also a
description of the combination of trigeminal neuralgia and facial
hemispasm (10).

Here, we describe an evidently very rare triad of unilateral
facial sensory, gustatory, and vestibular symptoms due to
compression of two cranial nerves: the facial and the
vestibulocochlear nerves.

First, the unilaterally impaired sensation in the face
is well-known in patients with prior isolated facial nerve
dysfunction, as in Bell’s palsy (11, 12); this is probably due
to impairment of visceral efferent fibers of the facial nerve.
Another possible explanation for the sensory symptoms in facial
nerve palsy is impaired processing of the facial somatosensory
information (11).
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FIGURE 1

CISS-MRI in oblique axis reconstructed along the cisternal course of the vestibulocochlear and facial nerves (the horizontal line in (A,B) depicts
the axis of (C); vertical lines delineate the axis of the other planes, (A,B), respectively; lines are centered on contact point of the vestibulocochlear
nerve and the basilar artery). The dilated and elongated basilar artery (star) displaces the nerves, and direct contact is shown (arrow).

Second, the gustatory symptoms can be explained by an
affection of the visceral afferent fibers of the facial nerve. These
fibers rise from the ipsilateral nucleus tractus solitarius and reach
the anterior two-thirds of the tongue via the chorda tympani and
the lingual nerve. In this case, this leads to altered and bitter
taste. Since these visceral fibers are un-myelinated and motor
fibers are myelinated, this may explain why the patient had no
facial hemispasm.

Third, the vestibular symptoms are similar to those of
vestibular paroxysmia.

In our patient, the MRI showed no brainstem edema or
compression of other cranial nerves as alternative explanations
for the patient’s symptoms.

Because of the short episodes with a duration of less
than 1min and a stereotypical phenomenology, we propose
the ephatic discharges as the cause for the above-described
similar
of
of the nerves by an elongated basilar artery leads to

symptoms, to other neurovascular compression

syndromes cranial nerves. Pulsatile compression
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pathological ephatic transmission between neighboring axons
of the affected nerves.

Sodium channel blockers, and especially carbamazepine, are
well-known treatment options for cranial neuralgias and may
stabilize the cell membrane (13). For vestibular paroxysmia,
a placebo-controlled trial showed a benefit of oxcarbazepine
(14). Lacosamide is a third-generation antiepileptic drug
and selectively enhances slow inactivation of voltage-gated
sodium channels. Studies on patients with epilepsy showed
that lacosamide is well-tolerated (15) and has a better
tolerability profile than carbamazepine (16), leading to less
withdrawal due to side effects. Consistent with the theory
on ephatic discharges, treatment with the sodium-channel
blocker lacosamide led to a significant reduction of the attack
frequency and intensity in our patient. Lacosamide is therefore
a well-tolerated treatment option for patients with cranial
nerve compression syndromes, especially vestibular paroxysmia
(17), trigeminal neuralgia, or their combination, as shown in
this case.
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Take-away lesson from the case

We present a patient with a unique triad of recurrent
short episodes of vestibular, unilateral facial sensory, and
gustatory symptoms due to compression of the facial and
vestibulocochlear nerves by an elongated basilar artery.
Consistent with the theory on ephatic discharges, treatment
with lacosamide 200mg per day p.o. led to a significant
reduction of the attack frequency and intensity in our
patient. Based on this case report, sodium channel blockers
can also be a new treatment option for patients with
paroxysmal dysgeusia.
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SUPPLEMENTARY FIGURE 1

Examination results, first visit in 2018. (A) Caloric testing showed
reduced excitability on the left side (mean peak slow phase velocity on
the left with cold water 6.1°/s, with warm water 4.7°/s, on the right with
cold water 13.2°/s, and with warm water 21.3°/s; side difference 52%).
(B) Video head impulse test showed decreased gain of the VOR (gain on
the left: 0.54, right: 0.83) (C) Amplitudes of the ocular vestibular-evoked
myogenic potentials were reduced on the left side (p1-n1 amplitude:
left 3.7 nV, right 5.4 V). (D) Amplitudes of the cervical
vestibular-evoked myogenic potentials were reduced on the left side
(p1-n1 amplitude: left 74 pV, right 102 V).

SUPPLEMENTARY FIGURE 2

Examination results, follow-up in 2022. (A) Caloric testing during the
follow-up after 4 years showed progressive reduced excitability on the
left side (mean peak slow phase velocity on the left with cold water
2.8°/s, with warm water 2.3°/s, on the right with cold water 20.8°/s, and
with warm water 9.2°/s; side difference 71%). (B) Video head impulse
test during the follow-up after 4 years still showed a decreased gain of
the VOR (left:0.71, right: 1.09). (C) Amplitudes of the ocular
vestibular-evoked myogenic potentials were low on both sides (p1-nl
amplitude: left 1.1 nV, right 1.7 pV). (D) Amplitudes of the cervical
vestibular-evoked myogenic potentials were reduced on the left side
(pl-n1 amplitude: left 70 pV, right 187 V).
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Case report: Atypical patterns of
nystagmus suggest posterior
canal cupulolithiasis and
short-arm canalithiasis

Janet O. Helminski*

Department of Physical Therapy, Rosalind Franklin University, North Chicago, IL, United States

Background: Atypical posterior canal (PC) positional nystagmus may be
due to the changes in cupular response dynamics from cupulolithiasis (cu),
canalithiasis of the short arm (ca-sa), or a partial/complete obstruction—jam.
Factors that change the dynamics are the position of the head in the pitch
plane, individual variability in the location of the PC attachment to the utricle
and the position of the cupula within the ampulla, and the location of debris
within the short arm and on the cupula. The clinical presentation of PC-BPPV-
cu is DBN with torsion towards the contralateral side in the DH positions and
SHHP or no nystagmus in the ipsilateral DH position and no nystagmus upon
return to sitting from each position. The clinical presentation of PC-BPPV-ca-
sais no nystagmus in the DH position and upbeat nystagmus (UBN) with torsion
lateralized to the involved side upon return to sitting from each position.

Case description: A 68-year-old woman, diagnosed with BPPV, presented
with DBN associated with vertigo in both DH positions and without nystagmus
or symptoms on sitting up. In the straight head hanging position (SHHP),
the findings of a transient burst of UBN with left torsion associated
with vertigo suggested ipsicanal conversion from the left PC-BPPV-cu to
canalithiasis. Treatment included a modified canalith repositioning procedure
(CRP), which resulted in complete resolution. BPPV recurred 17 days
later. Clinical presentation of BPPV included no nystagmus/symptoms in
both the contralateral DH position and SHHP, DBN in the ipsilateral DH
position without symptoms, and UBN with left torsion associated with
severe truncal retropulsion and nausea on sitting up from provoking
position. The findings suggested the left PC-BPPV-cu-sa and PC-BPPV-ca-sa.
Treatment included neck extension, a modified CRP, and demi-Semont before
complete resolution.

Conclusion: An understanding of the biomechanics of the vestibular system is
necessary to differentially diagnose atypical PC-BPPV. DH test (DHT) findings
suggest that PC-BPPV-cu presents with DBN or no nystagmus in one or two DH
positions and sometimes SHHP and without nystagmus or no reversal/reversal
of nystagmus on sitting up. The findings suggest PC-BPPV-ca-sa has no
nystagmus in DH positions or DBN in the ipsilateral DH position and UBN with
torsion lateralized to the involved side on sitting up.

benign paroxysmal positional vertigo, BPPV, posterior canal, downbeat nystagmus,
case report, cupulolithiasis, short arm canalithiasis, positional nystagmus
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Introduction

Benign paroxysmal positional vertigo (BPPV) presents as
repeated episodes of positional vertigo that usually last <1 min.
BPPV is the most common cause of vertigo and accounts for 17-
42% of all cases of vertigo in adults (1-3). Of all cases of BPPV (n
= 491), unilateral posterior canal (PC) BPPV and anterior canal
(AC) BPPV have the highest and lowest frequency, respectively,
accounting for 39 and 4% due to the canal position on the
labyrinth (4, 5). BPPV is a mechanical disorder of the inner
ear caused by otolithic debris that has separated from the
utricular maculae and displaced into the canal-canalithiasis (6)
or attached to the cupula-cupulolithiasis (7). With canalithiasis,
debris may be located within the short or long arm of the canal
(8) (Figure 1A). Debris may be adjacent or not adhere to the
cupula in short-arm canalithiasis, changing cupular response
dynamics (8-11). Debris may adhere to the cupula on the side
of the utricle in cupulolithiasis—short-arm (11) or long-arm
cupulolithiasis (10).

The diagnosis of BPPV is based on the history of positional
vertigo (12) and the findings on both the Dix-Hallpike test
(DHT) (12) and positional maneuvers. The DHT is used to
examine the vertical canals. The pattern of nystagmus or no
nystagmus in the initial position, in the provoking positions,
and on return to the sitting position is crucial to hypothesize
the location and direction of movement of the debris within
the canal. In the initial sitting position, the clinician rotates the
individual’s head 45° to the side to be examined, the plane of
the PC and AC being vertical. Next, the canal to be tested is
rotated within the vertical plane to the provoking position of
DHT (DH position). With the head turned 45°, the individual
is brought to the supine recumbent position and the head is
extended ~20° (12) or 40° (13) below the earth horizontal for
a total of ~110-130° of movement in the pitch plane. In the
provoking position, with PC-BPPV-ca-la, the otolithic debris
settles in the lowest position within the canal, inducing the
flow of endolymph in the direction of moving particles and
causing nystagmus. If the flow of endolymph moves away from
the ampulla (ampullofugal), the afferent is excited and moves
towards the ampulla (ampullopetal) the afferent is inhibited.
Upon excitation the observed peripheral positional nystagmus
is upbeat nystagmus (UBN) towards the forehead) with torsion
lateralized to the involved side (the superior pole of both eyes)
in the head-referenced coordinate system. When the head is
returned to upright, the debris settles toward the ampulla,
reversing the flow of endolymph, inhibiting the afferent, and
generating a peripheral positional downbeat nystagmus (DBN)
(toward the chin) with torsion lateralized to the uninvolved side.

In DH positions and the straight head hanging position
(SHHP), the clinician may observe a peripheral DBN, with or
without torsion suggesting the activation of one of the vertical
canals of the coplanar pair, either AC excitation of the dependent
PC inhibition (14, 15). AC excitation is characterized by a DBN
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with or without torsion lateralized to the involved side that is
always observed in the SHHP and sometimes in one or both
DH positions due to the orientation of the initial ampullary
segment relative to the utricle (16). On sitting up, the inhibition
of the AC afferent should generate a reversal of nystagmus.
However, there is no reversal of nystagmus or no nystagmus
occurs (17). Cambi et al. (14) were the first to suggest that a
peripheral and positional DBN may be due to PC inhibition. It
was hypothesized that DBN was caused by limited movement of
debris to the non-ampullary or distal segment of the PC, referred
to as “apogeotropic PC-BPPV” (15, 18), or to the periampullary
or proximal segment of the PC, referred to as “sitting up vertigo”
(19) due to an obstruction of the PC lumen. “Sitting up vertigo”
was associated with or without DBN with torsion lateralized
toward the uninvolved side in the DH position or SHHP and
UBN with torsion lateralized to the involved side upon return
to upright. These obstructions were thought to be due to large
fragments of otolithic debris or constriction of the PC lumen
(15, 18, 19).

However, emerging evidence suggests that a peripheral DBN
observed in the DH position and SHHP may be due to a
change in the dynamics of the cupular response because of PC-
BPPV cupulolithiasis (PC-BPPV-cu) (8, 9, 20) and PC-BPPV
canalithiasis of the short arm (PC-BPPV-ca-sa) (11). It was
originally postulated that PC-BPPV-cu, in the ipsilateral DH
position (involved side), evoked a gradual-onset, low-amplitude,
persistent [>1 min (21)] UBN with torsion toward the involved
ear (7, 22). However, the degree of neck extension in the DH
position (8, 10), the natural variability of the orientation of
the cupula within the population (23, 24), and the location of
the debris within the short arm and on the cupula were not
considered. These factors influence the patterns of nystagmus
and the success of treatment for PC-BPPV-cu (23). In the DH
position, if the short arm is connected more superiorly or if the
DH position is less pronounced, the head extends ~20° below
the earth horizontal, nystagmus may not be observed because
the cupula axis is oriented in the earth vertical, and no cupula
deflection occurs (Figures 1A,B) (8, 11, 22). In the DH position,
if the short arm is connected more inferiorly and/or if the DH
position is more pronounced, the head extends ~30-40° below
the earth horizontal, the afferent is inhibited and a constant, low-
amplitude DBN with or without torsion toward the unaffected
side will be observed (Figure 1C) (8, 11) in the contralateral DH
position (uninvolved side) and sometimes in the ipsilateral DH
position and SHHP (17).

There are no practical clinical guidelines for the
management of PC-BPPV-cu, PC-BPPV-ca-sa, and AC-
BPPV canalithiasis (12). The purpose of this case report
is to describe the clinical presentation, diagnostic process,
and particle repositioning maneuvers for an individual who
presented with two atypical patterns of positional nystagmus,
suggesting a change in PC cupular response dynamics. The first
variant was primarily DBN in DH positions with no nystagmus
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FIGURE 1

Positional testing (top row) and proposed mechanisms of atypical nystagmus from the PC. The location of debris within canal-cupulolithiasis
(M) and canalithiasis of the short arm (e) (bottom row). Illustrated for the right membranous labyrinth. AC, anterior canal; LC, lateral canal; PC,
posterior canal; CC, common crus; Npc, non-ampullary segment of PC (distal); Ppc, periampullary segment of PC (proximal); and Cpc, cupula of
PC. The area of the PC between the CC and ampulla is the long arm (LA) and between the ampulla and the utricle is the short arm (SA). The PC
long arm has two regions, the periampullary segment—proximal segment near the ampulla and the non-ampullary segment—distal segment
near the common crus. Arrow indicates the line of gravity. (A—C) Right PC cupulolithiasis. The amount of head extension and flexion in the
provoking position will vary the orientation of the axis of the PC cupula relative to the earth horizontal varying the amount and direction of
nystagmus. (A) Initial position of the Dix-Hallpike test (DHT). In the sitting position, 45° neck rotation toward right (top row). No deflection of
cupula. No nystagmus or symptoms (bottom row). (B) Head right DH position—recumbent position with the neck rotated 45° toward right and
extended 20° below the earth horizontal (top row). Neutral position of ipsilateral PC cupula, the axis of the cupula is oriented in the earth vertical
resulting in no nystagmus (bottom row). (C) Head right DH position with the neck extended 40° from the earth horizontal (top row). In the
pronounced provoking position, the weight of the cupula causes the deflection of the cupula toward the utricle, inhibiting the PC afferent
generating a constant, low-amplitude downbeat nystagmus (DBN) with or without torsion lateralized to the uninvolved side (bottom row). (D,E)
Two earth horizontal positions for the right PC cupula oriented 180° to each other. (D) The right half Hallpike (HH) position—recumbent position
with the neck rotated 45° toward right and flexed 30° from the earth horizontal. The right PC cupula axis is in the earth horizontal (top row). A
weighted cupula causes a maximum deflection of the cupula toward the long arm resulting in the excitation of PC afferent generating an upbeat
nystagmus (UBN) with torsion lateralized to the involved side (bottom row). (E) Inverted release (IR) position for the right PC cupula. Left
side-lying position with the neck flexed 20° and rotated 45° down (top row). A weighted cupula causes a maximum deflection of the cupula
toward the utricle, resulting in the inhibition of PC afferent generating a DBN with or without torsion lateralized to the uninvolved side (bottom

row).
on sitting, suggesting PC-BPPV-cu. Ipsilateral canal conversion included intermittent sensation of pressure, tinnitus, and
from DBN to UBN during the SHHP suggested PC-BPPV-cu hyperacoustics of the left ear. She had no significant medical or
on the long-arm side. The second variant was slight DBN in family history.

the DH position due to PC-BPPV-cu on the short-arm side
and primarily UBN on sitting, suggesting PC-BPPV-ca-sa.
This case met all institutional health insurance, portability, and Clinical findi ngs
accountability act requirements, and the approval was obtained

from Midwestern University’s Institute Review Board. Clinical neurologic (25) and oculomotor examinations

(26) were normal except for mild balance impairment.
The clinician observed a slight spontaneous right beat
Patient information nystagmus in all positions of gaze without fixation. The use of
videonystagmography (VNG) (Chartr, Otometrics, Denmark)

A woman aged 68 years experienced spontaneous episodic during positional testing and treatment prevented visual fixation
vertigo triggered with changes in the head position relative and the suppression of nystagmus. Lab testing, vestibular
to gravity. She was referred for the management of BPPV function testing, and radiographic imaging were not performed.
by Midwestern University’s Multispecialty Clinic and See the timeline for the first and second episodes of care
was evaluated 12 days after onset. Neurootologic history (Table 1).
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TABLE 1 Timeline for first and second episode of care including clinical findings, diagnostic assessment, and therapeutic intervention.

Timeline First variant Second variant
PC-BPPV-cu-la PC-BPPV-cu-sa and PC-BPPV-ca-sa
Day 12 Day 19 Day 32 Day 33 Day 34

Positional testing
DHT—head R

e Direction e Persistent DBN e None e None e Persistent DBN e None

e Symptoms e Vertigo e None e None e None e None
Return to upright

e Direction e RBN e None e Transient UBN, LT e None e None

e Symptoms e None e None e Vertigo, truncal retropulsion e Imbalance, nausea e None
DHT—head L

e Direction e Persistent DBN e None e DBN (85) to persistent LBN e Persistent LBN e None

e Symptoms e Vertigo e None e None e Slight imbalance e None
Return to upright

e Direction e RBN e None o Transient UBN, LT o Transient UBN e None

e Symptoms e None e None e Vertigo, truncal retropulsion e Imbalance, nausea e None
SHHP

e Direction o Ipsicanal conversion, e None e None o Persistent DBN e None

transient UBN, LT

e Symptoms e Vertigo e None e None e None e None
Return to upright

e Direction e Transient DBN, RT e None e Transient UBN, LT e None e None

e Symptoms e Vertigo e None e Vertigo, truncal retropulsion o Slight imbalance e None
Diagnosis/mechanism L PC-BPPV-cu-la BPPV resolved L PC-BPPV-ca-sa L PC-BPPV-cu-sa and -ca-sa BPPV resolved

Ipsicanal conversion to L

PC-BPPV-ca-la

Therapeutic intervention

e LCRPx3

e Activity restriction

e Activity restriction

e Vitamin D levels

e Neck Extension x3
e CRP—x1

o Activity restriction

e Neck Extension x3.
e CRP—x1

e Demi-semont x3

o Activity restriction

PC-BPPV, posterior canal benign paroxysmal positional vertigo; ca, canalithiasis; cu, cupulolithiasis; la, long arm; sa, short arm; DBN, downbeat nystagmus; UBN, upbeat nystagmus; T,
torsion; R, right; L, left; LBN, left beat nystagmus; RBN, right beat nystagmus; CRP, canalith repositioning procedure. Bold values key findings.

First variant: Peripheral DBN DH
positions

Diagnostic assessment of the first variant:
Peripheral DBN provoking positions

In the first episode of care, clinicians observed in both
DH positions with the head positioned ~40° below the earth
horizontal (13) a DBN (no torsion) with a short latency of onset,
long duration (>1min), and crescendo-decrescendo velocity
profile associated with symptoms of vertigo. On return to
upright from both DH positions, the clinician observed a right
beat nystagmus and the patient reported no symptoms. In the
SHHP, there was a 60s latency until the onset of a transient
burst of UBN with left torsion, associated with an intense
sensation of vertigo. On return to sitting, the clinician observed
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a burst of DBN with right torsion associated with vertigo
(Supplementary Video S1).

Interpretation of the first variant:
Peripheral DBN provoking positions

Central positional vertigo is associated with neurologic
findings and, in most cases, impaired pursuit (27). In this case,
the history and findings of DBN in both DH positions and the
absence of associated neurologic signs suggested vertical canal
involvement—either the inhibition of PC or the excitation of
AC. Without fixation, the patient had a mild spontaneous right-
beating nystagmus (RBN) that increased in intensity without
symptoms on return to upright from DH positions. The patient
had a history of left neurootologic involvement, which might
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have resulted in a peripheral RBN or had a pseudo-spontaneous
nystagmus. The persistence of DBN in DH positions and the
absence of nystagmus in the SHHP suggests PC involvement.
In the SHHP, DBN is always observed with AC-BPPV and
sometimes with PC involvement (17). With canalithiasis of
the AC, the duration of attacks is <l min (21, 28). Initially,
in the SHHP, the clinician did not observe any nystagmus,
suggesting PC-BPPV. At 60s, the transient burst of UBN
with left torsion suggested the excitation of primary afferents
to the left PC and an ipsicanal switch, conversion of PC-
BPPV-cu-la to PC-BPPV-ca-la (8). The nystagmus changed the
direction from a DBN in DH positions to an UBN in SHHP.
Left torsion with UBN suggested left ear involvement. On
sitting up, DBN with right torsion—suggested the inhibition of
the left PC afferent associated with PC-BPPV-ca-la. Based on
the history and the ipsicanal switch on positional testing, no
further vestibular function testing or radiographic imaging was
indicated. The patient’s initial symptoms were consistent with
those of atypical BPPV involving the PC (8). If she did not show
any improvement in or the resolution of symptoms after two
to three sessions of particle repositioning maneuver, she would
be referred for further diagnostic testing to rule out central
involvement (12).

Therapeutic intervention of the first
variant: Peripheral DBN provoking
positions

Typical left PC-BPPV was treated with three cycles of a
modified canalith repositioning procedure (CRP) (29). In the
first cycle, an orthotropic UBN with left torsion was observed
in the first and second positions, mild DBN in the right side
lying position and no positional nystagmus on return to upright.
Activity restrictions were provided due to the complexity of
BPPV (12) and were consistent with those provided to patients
with intractable BPPV (30). Restrictions included sleeping with
the head of the bed elevated to 40°, sleeping on the back or right
side, and limiting up/down head movements for 1 week (30).

Follow-up and outcomes of the first
variant: Peripheral DBN provoking
positions

In a 1-week follow-up, the patient reported no symptoms
of vertigo with daily routine. Positional testing was negative,
suggesting that left PC-BPPV had resolved. The patient was
relieved that BPPV was resolved and the concern was that it
would recur. Activity restrictions were continued, and vitamin D
levels were reviewed and found to be within the recommended
range (31) to minimize the risk of recurrence of BPPV.
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Second variant recurrence: UBN
sitting up

Diagnostic assessment—second variant
recurrence—first session UBN sitting up

Approximately 17 days following the resolution of atypical
PC-BPPYV, the patient rolled over in the bed and experienced
the sensation of vertigo. Clinical examination findings 3 days
following the recurrence suggested no associated neurologic
signs. The primary complaint was imbalance and nausea on
sitting up and with walking. She reported falling while ascending
ariser without a rail. Positional testing was performed with VNG
(without fixation). With the right DH position and SHHP, the
clinician observed no nystagmus, and the patient reported no
symptoms. With the left DH position, there was a mild DBN for
8s followed by an LBN and no symptoms. On return to upright
from each position, the clinician observed a transient burst of
UBN with left torsion associated with a strong sitting up vertigo
and truncal retropulsion (Supplementary Video S2).

Interpretation—recurrence of the second
variant—first session UBN sitting up

The findings suggest PC-BPPV-cu-sa and PC-BPPV-ca-sa.
Nystagmus or symptoms are absent in the contralateral DH
position and SHHP, but there is a mild DBN in the ipsilateral
(left) DH position, which suggests left PC-BPPV-cu-sa. Due
to the orientation of the axis of the cupula relative to the
earth horizontal, an inhibitory response was generated resulting
in DBN. In 19% of patients, following successful particle
repositioning maneuvers, a DBN in the ipsilateral DH position
suggests the movement of otolithic debris from the long arm to
the short arm during the maneuver (11). UBN associated with
left torsion on return to upright from all positions and without
other neurologic signs suggests vertical canal involvement. On
sitting up, PC otolith debris moved from the utricle to the
cupula, deflecting the cupula away from the utricle causing the
excitation of the afferent generating an UBN with associated
torsion (11). Left torsion suggests the excitation of the left PC.
The findings do not suggest a periampullary jam in the PC lumen
(19) [periampullary restricted canalolithiasis model (32)] based
on the history of recent successful treatment of the left PC-BPPV
and no nystagmus observed in the contralateral DH position. It
is proposed that, with a periampullary jam, an increase in DBN
with torsional nystagmus is observed in the contralateral DH
position and no nystagmus in the ipsilateral DH position (19).
In this case, no nystagmus was observed in the contralateral DH
position and DBN was observed in the ipsilateral position. In the
ipsilateral DH position following DBN, an LBN was observed,
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which suggests possible debris settlement in the long arm of
the LC.

Therapeutic intervention—recurrence of the
second variant—first session UBN sitting up

Atypical left PC-BPPV was treated with three cycles of
neck extension (33) and a modified CRP (29). The patient was
provided with post maneuver activity restrictions. Following the
maneuver, the patient reported less intense truncal retropulsion
and nausea on sitting up and imbalance on walking. Symptoms
gradually resolved over 4 h.

Diagnostic assessment—recurrence of
the second variant—second session

The next day, the individual woke up with severe vertigo and
imbalance. She was escorted by her husband to the clinic. On
examination, the clinician observed a DBN in the contralateral
DH position and SHHP and a LBN in the ipsilateral DH
position. On return to upright from the contralateral provoking
position and SHHP, there was no nystagmus but there was
a slight UBN upon return to upright from the ipsilateral
provoking position.

Interpretation—evolution of the second
variant—second session

Positional test findings suggest the left PC-BPPV-cu-sa.
The debris within the short arm may be adherent—PC
cupulolithiasis of the short arm or adjacent to the cupula
(nonadherent)—PC-ca-sa (11). An inverted release (IR) position
(lying on the uninvolved side with the head flexed 20° and
rotated 45° downward) would determine if the debris was
attached to the cupula. In case of being adjacent to the cupula,
no nystagmus would occur because the debris would move from
the cupula to the utricle (10). LBN in the SHHP may be due to a
pseudo-spontaneous nystagmus from the left lateral canal.

Therapeutic intervention—evolution of
the second variant—second session

The patient was treated with neck extension (33) in an
attempt to create ipsicanal conversion followed by demi-Semont
(18), the final position the same as IR, to remove particles from
the cupula on the side of the utricle. The patient were provided
with post maneuver activity restrictions, and continued to
complain of imbalance and nausea. In the evening, BPPV
resolved spontaneously.
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Follow-up and outcomes—evolution of
the second variant—second session

At a 1-week follow-up, she had no vertigo or imbalance
with her daily routine and positional testing was negative. She
was grateful to have resolved BPPV but was concerned about
its recurrence.

Discussion

This case report describes the clinical presentation of two
variants of atypical nystagmus from PC-BPPV due to a change
in cupular response dynamics, one from cupulolithiasis with
debris on the long-arm side and the other from primarily short
arm canalithiasis and cupulolithiasis. The clinical presentation
of the first variant from PC-BPPV-cu-la was persistent DBN
with torsion lateralized to the uninvolved side, associated
with symptoms of vertigo in DH positions and no nystagmus
or associated symptoms on return to upright. An ipsicanal
conversion occurred from PC-BPPV-cu with debris on the long-
arm side to canalithiasis in the long arm. This occurred when
the patterns of nystagmus changed from an atypical persistent
positional DBN in the DH position to a typical positional
transient UBN with torsion lateralized toward the involved
side (60s delay to onset) in the SHHP. This ipsilateral canal
conversion supported the mechanism of the first variant as PC-
BPPV-cu-la. PC-BPPV was successfully treated with a modified
CRP. BPPV recurred 17 days later. Her primary complaint was
imbalance and nausea. The second variant was both PC-BPPV-
cu-sa and PC-BPPV-ca-sa. The clinical presentation of PC-
BPPV-cu-sa was no nystagmus or symptoms in the contralateral
DH position and SHHP, and DBN with torsion lateralized
to the uninvolved side (duration of 8s) followed by an RBN
in the ipsilateral DH position. A burst of UBN with torsion
to the involved side associated with symptoms of imbalance
and nausea on return to upright from all provoking positions
suggested PC-BPPV-ca-sa. The patient was treated with neck
extension and a modified CRP. Symptoms gradually resolved
over 4h. The next morning, the patient awoke with symptoms
of imbalance and nausea. The clinical presentation was DBN
with torsion away from the involved side in DH positions and
SHHP, suggesting PC-BPPV-cu. There was a subtle UBN with
torsion toward the involved side on return to upright from
the ipsilateral DH position, suggesting PC-BPPV-ca-sa. She
was successfully treated with neck extension and demi-Semont
maneuver. Symptoms gradually resolved within 4 h.

Emerging evidence suggests that atypical positional DBN
from the PC may be due to the changes in the cupular response
from cupulolithiasis or short-arm canalithiasis (8, 11, 32). The
following factors will change the orientation of the cupula axis
with respect to the earth horizontal, influencing the patterns of
nystagmus and the success of treatment, especially in the case
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of PC-BPPV-cu and PC-BPPV-ca-sa. The ability to position the
head in extension may be hindered by cervical or thoracic spine
mobility limitations or pain, necessitating modifications to the
positions. The examiner may choose to perform a DH position
that has less or more pronounced head extension in the supine
(Figure 1B) (12) or head extension more pronounced in the
supine recumbent position (Figure 1C) (13). If less pronounced,
the head is extended ~20° below the earth horizontal, no
nystagmus is observed if the axis of the cupula is oriented in
the earth vertical and no cupula deflection occurs (Figures 1A,B)
(8, 11, 22). If more pronounced, the head extends ~30-40°
below the earth horizontal, the afferent is inhibited and a
constant, low-amplitude DBN with or without torsion towards
the uninvolved side will be observed (Figure 1C) (11, 12). The
patterns of nystagmus will also be influenced by the orientation
of the cupula due to the natural individual variability in the
location of PC attachment to the utricle (23) and the position
of the cupula within the ampulla (24). In the DH position, if the
short arm is connected more superiorly, nystagmus may not be
observed because the axis of the cupula is oriented in the earth
vertical and no deflection of the cupula occurs (Figures 1A,B)
(8, 11). If the short arm is connected more inferiorly, the afferent
is inhibited and a constant, low-amplitude DBN with or without
torsion toward the unaffected side will be observed (Figure 1C)
(8, 11). Lastly, the location of the debris within the short arm
(11), the adherence of debris to the cupula on the side of the
utricle or long arm, and the proximity of debris to the cupula
(adjacent) (11) will influence the patterns of nystagmus and the
particle repositioning maneuver performed to successfully treat
PC involvement.

When atypical nystagmus from the PC is suspected,
additional positional testing should be performed to identify the
location of the debris within the canal. The half Hallpike (HH)
position and IR position may be used to differentiate between
PC-BPPV-cu and PC-BPPV-ca-sa and to also differentiate PC-
BPPV-cu from AC-BPPV canalithiasis (10, 21). The cupula is
deflected maximally by the gravitational force when the axis
of the affected cupula is oriented in the earth horizontal. Two
earth horizontal positions oriented at 180° to each other: the
HH (recumbent supine position with the head rotated 45°
toward the involved side, flexed 30°) (10, 22) and the IR
position (lying on the uninvolved side with the neck flexed
20°, rotated 45° downward) (10) (Figures 1D,E). If the vertical
canals are involved, in the HH, the direction of nystagmus is
UBN with torsion lateralized to the involved side. With the IR,
the direction of nystagmus reverses the direction relative to the
HH position. If nystagmus is stronger in the HH position, it
is generated by the posterior cupula due to the inhibition of
the PC and if stronger in the inverse position it is generated
by the contralateral anterior cupula due to the excitation of the
PC (10). If no nystagmus is observed in the IR, otolithic debris
may be adjacent to the cupula within the short arm of the PC—
PC-BPPV-ca-sa. Persistent positional DBN in the ipsilateral DH
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position following a successful particle repositioning maneuver
for PC-BPPV may be due to ipsilateral PC-BPPV-cu-sa (11). Asa
result of the maneuver, debris is repositioned from the long arm
to the utricle, then to the short arm, and finally settles adjacent
to the cupula (11).

PC-BPPV-cu and PC-BPPV-ca-sa have also been implicated
as a mechanism of type 2 BPPV (11). The proposed diagnostic
criteria for type 2 BPPV are symptoms suggestive of BPPV
without nystagmus during the DHT or supine roll test and
a short episode of vertigo with truncal retropulsion during
and immediately after sitting up from the ipsilesional side
(34). Recently, Harmat et al. (11) hypothesized two possible
mechanisms of type 2 BPPV, PC-BPPV-ca-sa with debris located
inferiorly at the base of the PC cupula incapable of deflecting the
cupula or PC-BPPV-cu-sa with debris attached to the surface of
the cupula on the side of the utricle loading the cupula but not
changing its position. This further supports the role of the cupula
in atypical PC-BPPV.

It is recognized that atypical nystagmus from the PC may
be generated by limited movement of the debris within the
lumen caused by a partial or complete obstruction from an
innate stenosis of the canal and/or large fragments of utricular
otolithic debris in a normal canal (35). The location of the
obstruction determines the presentation of atypical PC-BPPV
(Figure 1A). Vannucchi et al. (15) suggested that an obstruction
of the lumen of the PC located in the distal or non-ampullary
segment of the long arm of the PC near the common crus
(Figure 1A) would generate a DBN associated with torsion
lateralized to the uninvolved ear or without torsion due to
the inhibition of the PC afferent. On return to sitting, there
would be no nystagmus because the non-ampullary segment
would be oriented in the earth horizontal (Figure 1A). This
pattern of nystagmus was referred to as “apogeotropic PC-
BPPV” (15, 18) and was further described by Cambi et al. (14)
and Califano et al. (17). Scocco et al. (19) later suggested that an
obstruction may occur in the periampullary segment (proximal
segment) of the long arm of the PC (Figure 1) resulting in
“sitting up vertigo.” The pattern of nystagmus suggestive of
a periampullary obstruction is no nystagmus in the ipsilateral
DH position, and it is either no nystagmus or persistent DBN
with or without torsion lateralized to the uninvolved side in the
contralateral DH or SHHP (19). Upon return to upright from
the DH position and SHHP, an UBN with torsion lateralized
to the involved side may be observed (19). Differentiation
between non-ampullary and periampullary obstructions is based
on the findings from the head yaw test (the supine recumbent
position with the head turned 90° to the ipsilateral (involved)
and contralateral (uninvolved) sides). UBN in contralateral yaw
and DBN in ipsilateral yaw suggest non-ampullary involvement
while DBN in contralateral yaw and UBN in ipsilateral yaw
suggest periampullary involvement (19).

Partial or complete obstruction to the lumen of the canal
would modify the direction of endolymph displacement and
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cause a transient high-frequency VOR deficit in the involved
vertical canal (36, 37). In individuals with persistent positional
DBN, with or without torsion in the DH positions and SHHP
and without nystagmus on return to upright, the video head
impulse test (VHIT) was able to detect the involved vertical canal
of the coplanar pair, either PC-BPPV canal obstruction or AC-
BPPV (36, 37). However, in typical acute PC-BPPV, the vHIT
was unable to identify the involved canal (38). In this case, the
VHIT was not used to identify the involved canal.

In this case, in the SHHP, the 60-s latency before the onset
of a transient burst of UBN with left torsion (lateralized to the
involved side) suggested an ipsicanal switch from PC-BPPV-
cu-la to PC-BPPV-ca-la, implying left PC involvement (14).
Computer simulations of the Yarcovino maneuver demonstrate
a canal switch from AC-BPPV to PC-BPPV (39). The degree of
head extension relative to the earth horizontal in the Yarcovino
maneuver and SHHP are similar. A canal switch would result
in DBN and possibly a reversal in the direction of torsion. In
this case, only UBN with torsion lateralized to the involved side
was observed in the SHHP. Therefore, an ipsicanal switch rather
than a canal switch occurred. It is hypothesized that the longer
latency may reflect the time taken for otolithic debris to move
through the ampulla into the long arm of the canal (40), the slow
sedimentation velocity caused by small particles (29, 40), silent
debris defined as the movement of otolithic debris along the
canal wall (29), or neutral head position—an axis of the affected
posterior cupula oriented in the earth vertical (22).

Limitations of this case are the need for further positional
testing to confirm the left PC-BPPV-cu, neuroimaging to rule
out CNS involvement, and vHIT to rule out canal jam or
obstruction. Ipsicanal conversion occurred during the SHHP, so
no HH or IR was performed. Neuroimaging was not performed.
The most common pattern of central positional nystagmus
evoked with positional testing is positional DBN (41, 42).
When the clinician observes DBN in the provoking position,
CNS involvement should be considered. An individual should
be referred for a thorough neurologic examination, additional
CNS testing, and/or magnetic resonance imaging (MRI) of the
brain and posterior fossa if associated auditory or neurological
symptoms are present. If symptoms are consistent with BPPV
and show no improvement or resolution after two to three
sessions of particle repositioning maneuvers (12), a referral
should be made for further testing. No associated neurologic
signs were not observed in this individual, and the history was
not suggestive of CNS involvement. No vHIT was performed
to rule out complete or partial occlusion. The location of the
obstruction determines the presentation of atypical PC-BPPV,
the non-ampullary segment (distal) (18) or the descending
periampullary segment (proximal) (19) (Figure 1A). The vHIT
has only identified obstructions within the non-ampullary
segment of the PC.

The strategy for resolving PC-BPPV-cu is to use the
provocative positions that achieve the release of the otolithic
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debris from the cupula, depending on which side of the cupula
the debris is located (10). The SHHP may be used to cause
an ipsicanal switch from PC-BPPV-cu to PC-BPPV-ca-la. Once
converted to canalithiasis, typical PC-BPPV may be treated
with a modified CRP (29) or liberatory maneuver (43). If the
debris is located on the side of the cupula near the utricle, the
release position can be obtained by having the patient lie on
the uninvolved side with the neck flexed 20° and rotated 45°
downward (10) (Figure 1E). This is the same position as the
side lying position of the CRP, the 180° inverted position of
the liberatory maneuver, demi-Semont (lying on the uninvolved
side with the neck rotated 45° downward) and 45° forced
prolonged positioning (lying on the uninvolved side with the
neck rotated 45°downward) (18). If the debris is located on the
side of the long arm, a modified CRP or liberatory maneuver
may be performed.
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Case report: Concurrent
Intravestibular schwannoma
mimicking Méniére’s disease and
cochlear hydrops detected via
delayed three-dimensional
fluid-attenuated inversion
recovery magnetic resonance
imaging

Koji Nishimura*, Toshihisa Murofushi and Nobuhiro Hakuba

Department of Otolaryngology, Teikyo University School of Medicine, Mizonokuchi Hospital,
Kawasaki, Japan

Objective: To present a case of intralabyrinthine schwannoma (ILS) presenting
as Méniere's disease diagnosed via 4-h delayed gadolinium-enhanced
three-dimensional fluid-attenuated inversion recovery magnetic
resonance imaging (3D-FLAIR MRI) and treated successfully using the
translabyrinthine approach.

Patient: A patient who was diagnosed with intravestibular ILS.

Interventions: The patient underwent comprehensive preoperative
neurological examinations and MRI. The tumor was resected using the
translabyrinthine approach and was pathologically confirmed as schwannoma
based on the surgical specimen.

Main outcome measures: Preoperative audiogram and vestibular test findings
and MRI images.

Results: Preoperatively, pure-tone audiogram showed progressive
sensorineural hearing loss only on the affected side. The video head
impulse test and vestibular evoked myogenic potential test showed
vestibular dysfunction on the affected ear. Immediate gadolinium-enhanced
T1-weighted MRI revealed an enhanced region in the vestibule. Meanwhile,
magnetic resonance cisternography showed a filling defect. Delayed 3D-FLAIR
MRI revealed a signal void in the scala media of the cochlea indicative of
cochlear hydrops, and a strong signal in the perilymph at the basal cochlea
suggestive of impaired blood—labyrinthine barrier.

Conclusion: Delayed 3D-FLAIR MRI is useful in diagnosing concurrent ILSs
and endolymphatic hydrops.

delayed 3D-FLAIR MR imaging, endolymphatic hydrops (EH), intralabyrinthine
schwannomas (ILSs), intravestibular schwannoma, vestibular evoked myogenic
potential (VEMP), video head impulse test (vHIT), Méniére’'s disease
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Introduction

Vestibular schwannomas (VSs) are benign neoplasms
commonly arising from the Schwann cells of the vestibular
division of the vestibulocochlear nerve. Intralabyrinthine
schwannomas (ILSs) are a rare clinical entity, and they
arise from the distal branches of the vestibular and cochlear
nerves within the membranous labyrinth (1, 2). The common
symptoms of ILSs are unilateral hearing loss, tinnitus,
imbalance/dizziness and occasionally episodes of vertigo, which
are similar to those of Méniére’s disease (MD) (3, 4).
Endolymphatic hydrops is a characteristic of MD and other
inner ear diseases, such as endolymphatic tumors. Moreover,
VSs can cause endolymphatic hydrops (5-9). Naganawa
et al. developed magnetic resonance imaging (MRI) methods
to facilitate the visualization of endolymphatic hydrops in
living humans using intravenous gadolinium-based contrast
media (10, 11). Herein, we report a case of concurrent
ILS mimicking MD and cochlear hydrops diagnosed via
gadolinium-enhanced MRIL

10.3389/fneur.2022.1043452

Case report

A woman in her 30% visited our department due to
hyperacusis in the right ear. Audiogram showed almost normal
hearing level (Figure 1A). The patient did not present with
spontaneous or positional nystagmus. However, she occasionally
experienced vertigo in the morning 4 years prior to her initial
visit to our department. Four years after the first visit, she
presented with vertigo, tinnitus, and hearing loss in the right ear.
Audiogram revealed moderate right sensorineural hearing loss
particularly at low frequencies (Figure 1B). Magnetic resonance
(MR) cisternography showed no VS in the cerebellopontine
angle. However, a filling defect of fluid intensity was detected
in the vestibule of the right ear, and this finding was
overlooked by an otolaryngologist and a radiologist (Figure 2A
asterisk). Corticosteroid was prescribed for 7 days for acute
sensorineural hearing loss in the right ear. Thereafter, partial
hearing improvement was observed (Figure 1C). Nevertheless,
the patient continually presented with tinnitus in the right
ear and dizziness. Thus, her hearing function was evaluated

A The initial visit B 4 years after the initial visit C 4 years after the initial visit
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FIGURE 1
Pure-tone audiogram at the initial visit showed almost normal hearing threshold on both sides (A). Audiogram 4 years after the initial visit
revealed moderate sensorineural hearing loss in the right ear at low and middle frequencies (B). Audiogram after treatment with corticosteroid
with partial hearing improvement (C). Audiogram 6 years after the initial visit showed mild hearing loss in the right ear only at low frequencies
(D). Audiogram 7 years after the initial visit revealed severe hearing loss in the right ear at all frequencies (E). Audiogram 12 years after the initial
visit showed profound sensorineural hearing loss in the right ear (F).
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regularly. Results showed moderate hearing loss in the right
ear at low frequencies (Figure 1D). Seven years after the
initial visit, she complained of worsening hearing loss in
the right ear. Audiogram revealed moderate sensorineural
hearing loss at all frequencies in the right ear (Figure 1E).
She was again treated with corticosteroid. However, there
was no hearing improvement. Twelve years after the initial
visit, her hearing function deteriorated. Audiogram revealed
profound sensorineural hearing loss in the right ear (Figure 1F).
Both cervical and ocular vestibular evoked myogenic potential
(cVEMP and oVEMP) were not detected upon right ear
stimulation (Figure 3A). The video head impulse test (vHIT)
showed decreased vestibulo-ocular reflex (VOR) gains in
both the anterior and posterior canals on the affected and
unaffected sides. Covert catch-up saccades were observed
during eye movement elicited by right lateral semicircular
canal stimulation. This result indicated decreased right lateral
semicircular canal function (Figure 3B). Due to episodes of
recurring vertigo and fluctuating hearing loss, endolymphatic
hydrops, possibly correlated with MD, was considered as the
preliminary diagnosis (12). Thus, delayed 3D-FLAIR MRI was
performed to confirm endolymphatic hydrops (10, 11) or
identify other conditions. MR cisternography showed a filling
defect of fluid intensity in the vestibule of the right ear (Figure 2B
asterisk). Gadolinium-enhanced T1-weighted imaging revealed
a moderately enhanced region in the right vestibule, which
indicated a hypervascular mass in the right vestibule (Figure 2C
asterisk). Delayed 3D-FLAIR MRI showed endolymphatic
hydrops in the right cochlea (Figure 2D arrows) with a stronger
signal intensity in the scala tympani in the basal portion of
the cochlea (Figure 2D arrowhead) than in the contralateral
ear. The patient wanted to undergo intralabyrinthine tumor
resection. Thus, surgery using the translabyrinthine approach
was performed (Figure 4). Wide mastoidectomy was performed,
followed by transmastoid labyrinthectomy. Then, a pink
irregular shaped mass was found to fill the vestibule. After tumor
resection, residual tumor was not observed microscopically and
endoscopically. An 8-mm mass was completely resected. The
whorls of spindle-shaped cells and the palisading structure of
cells were consistent with schwannoma. The patient did not
present with complications nor vertigo after the surgery. Further,
she was followed-up every month, and she underwent clinical
vestibular evaluations.

Discussion

Herein, we present a case of concurrent endolymphatic
hydrops diagnosed via 3D-FLAIR MRI and ILS diagnosed
via pathological examination of surgical specimen. To the
best of our knowledge, there are only two studies describing
endolymphatic hydrops diagnosed via delayed 3D-FLAIR MRI
in patients with ILS (7, 13). One possible mechanism underlying
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FIGURE 2

Axial magnetic resonance (MR) images obtained from a patient
with concurrent right intravestibular schwannoma and
endolymphatic hydrops in the right cochlea. (A) MR
cisternography images obtained 4 years after the patient’s initial
visit to our department. (B—D) MR images obtained 12 years
after the patient's initial visit to our department. (A,B) MR
cisternography revealed a filling defect in the right vestibule
(asterisks). (C) Gadolinium-enhanced T1-weighted imaging
showed an enhanced region in the right vestibule indicating the
presence of a hypervascular mass (asterisk). (D) Delayed
3D-FLAIR image, subtraction of the positive endolymphatic
image from the positive perilymphatic image revealed black
areas (arrowheads) representing the right cochlear hydrops and
diffuse perilymphatic hyperintense area (arrowhead) indicative
of blood-labyrinth barrier impairment.

endolymphatic hydrops is the presence of a tumor obstructing
the ductus reuniens, which connects the cochlear duct and the
saccule. Endolymphatic hydrops is also detected via delayed
3D-FLAIR MRI (14) and non-contrast-enhanced 3D-FLAIR
MRI (6) in some VS cases. Hence, other than mechanical stenosis
of the ductus reuniens, a common mechanism associated with
this condition may exist between VSs and ILSs.

ILSs commonly cause unilateral hearing loss, tinnitus,
vertigo, and aural fullness, which fairly overlap with MD
symptoms. In accordance with this finding, 39% of patients
with ILS were previously diagnosed with MD (15). If a patient
is diagnosed with MD, the diagnosis is more challenging
to reconsider. Our patient was also misdiagnosed with MD.
However, she underwent gadolinium-enhanced T1-weighted
MRI, which revealed a vestibular tumor. Prior to the initial
series of ILSs diagnosed via MRI (16), ILS was diagnosed
incidentally during surgery (17, 18), or autopsy (19, 20).
Currently, MRI is the gold standard for diagnosing ILSs
(1, 2). ILSs are characterized a low signal intensity within
the membranous labyrinth, which appears as filling defects,
on thin-section T2-weighted images. On post-gadolinium
T1-weighted images, ILSs appear as enhanced masses. The
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FIGURE 3

VEMP and vHIT. (A) oVEMP (500-Hz bone conduction) and cVEMP (500-Hz air condition). The patient had normal oVEMP and cVEMP on the
unaffected side (left ear), and she presented with abnormal oVEMP and cVEMP in the affected side (right ear). (B) vHIT showed hyporeflexia in
the anterior and posterior semicircular canals of both ears. Meanwhile, vHIT of the left lateral semicircular canal was normal, and vHIT of the
right lateral semicircular canal had covert saccades (arrow), which indicated that the right lateral semicircular canal had decreased function.
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imaging characteristics of our patient were in accordance with
those of ILSs. Delayed 3D-FLAIR MRI was initially performed
to visualize endolymphatic hydrops in patients with MD (10,
11, 21). A few studies have reported the characteristics of
ILSs on delayed 3D-FLAIR MRI (7, 13, 22). The strong
enhancement in the ipsilateral cochlear basal on delayed
3D-FLAIR MRI in the current case was in accordance with that
of two previous reports on perilymphatic hyperintense areas
surrounding the tumor (13, 22). Perilymphatic enhancement
on delayed 3D-FLAIR MRI was also detected in patients
with intracanalicular or cerebellopontine angle VSs, which
might be caused by leakage of gadolinium into the cochlear
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perilymphatic space via the impaired blood-labyrinth barrier
(14). Thus, sensorineural hearing loss in a subset of patients
with VSs and ILSs is caused by alterations in blood-labyrinth
barrier permeability. In addition, hearing loss was the most
common presenting symptom in patients with ILSs regardless of
tumor location (2). Homann et al. first detected endolymphatic
hydrops via delayed 3D-FLAIR MRI in a patient with ILS
(7). In similar studies investigating ILSs via delayed 3D-FLAIR
MRI, endolymphatic hydrops was detected in 11.1% (3/27)
(13), and 0% (0/3) of patients (22), respectively. However,
in studies about ILSs detected via non-contrast-enhanced
3D-FLAIR MRI, endolymphatic hydrops was observed in
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FIGURE 4

Intraoperative findings. After cortical mastoidectomy (A) and
labyrinthectomy (B), a pink mass was observed in the right
vestibule (arrow) (C). After tumor resection, the intravestibular
region was evaluated both microscopically (D) and
endoscopically (E). An 8-mm mass was excised (F). (G)
High-power microphotograph showed a nuclear palisading
pattern. Scale bar = 100 um.

46.7% (14/30) of patients (23). Delayed 3D-FLAIR MRI is
more effective in diagnosing endolymphatic hydrops than
non-contrast-enhanced 3D-T2-weighted gradient-echo steady-
state sequences (FIESTA-c) particularly in cases without ILSs
(24). Of note, delayed 3D-FLAIR MRI in cases of ILSs
might underestimate endolymphatic hydrops since gadolinium
might leak in the endolymph due to impairment of the
inner ear microenvironment caused by the tumor. Thus,
different modalities can affect the assessment of endolymphatic
hydrops in ILSs. In our case, concurrent endolymphatic
hydrops and intravestibular ILS were detected via delayed
3D-FLAIR MRI. Endolymphatic hydrops may exist with
ILSs. However, it cannot be clearly identified via delayed
3D-FLAIR MRI.

In the current case, the asymmetric ratios of cVEMP and
oVEMP were 100%, which indicated severe otolith dysfunction
on the affected side. Approximately 75% of patients with
intravestibular ILS and 55.6% of patients with intracochlear
ILS present with an abnormal ¢VEMP (25). Hence, unlike
auditory functional differences, intralabyrinthine localizations
could affect vestibular functional differences. Our patient
presented with decreased VOR gains in both sides of the
anterior and posterior semicircular canals, and covert catch-
up saccades in the lateral semicircular canal on the affected
side. The long duration of unilateral vestibular dysfunction (16
years in the current case) might help achieve good dynamic

Frontiersin Neurology

40

10.3389/fneur.2022.1043452

visual performance. Lee et al. presented a case of ILS mimicking
MD based on a positive VHIT result in all semicircular
canals on the affected side (26). The causes of decreased
VOR gains on the left anterior and posterior semicircular
canals remain unknown. However, the risk of ILS should
be considered.

Hearing function cannot be preserved with surgical
resection of ILSs. Thus, in patients with serviceable hearing or
tolerable symptoms, the wait-and-see strategy is recommended
(1, 8). Surgery is indicated if ILS extends toward the
cerebellopontine angle or into the middle ear, or if a patient
presents with intractable vestibular symptoms (1). In cases in
which surgery can be performed, tumor localization is important
in surgical planning. In the current case, the tumor was located
in the vestibule and did not extend to other regions. Hence,
according to the classification of Kennedy (1) or Salzman (2),
it was considered an intravestibular type.

Conclusion

Combined fluctuating hearing loss and episodic vertigo
attacks can be observed in ILS and MD. Therefore, delayed
3D-FLAIR MRI is useful in the diagnosis of concurrent ILSs and
endolymphatic hydrops.
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Hearing loss affecting about 2/1000 newborns is the most common congenital
disease. Genetic defects caused approximately 70% of patients who have
non-syndromic hearing loss. We recruited 13 Chinese Han deafness families
who tested negative for GJB2, SLC26A4, and mitochondrial 12S rRNA. The
probands of each family were performed whole-exome sequencing (WES)
or targeted next-generation sequencing (NGS) for known deafness genes to
study for pathogenic causes. We found four novel mutations of CDHZ23, one
novel mutation of MYO15A, one novel mutation of TMCZ1, one novel mutation
of PAX3, and one novel mutation of ADGRV1, one novel CNV of ADGRV1, and
one novel CNV of STRC. Hearing loss is a highly hereditary and heterogeneous
disease. The results in the limited samples of this study show that Usher and
Waardenburg syndrome-related genes account for a major proportion are
strongly associated with Chinese Han hearing loss patients negative for GJB2,
SLC26A4, and mitochondrial 12S rRNA, followed by STRC resulting in mild to
moderate deafness.

KEYWORDS

deafness, targeted sequencing, whole-exome sequencing, gene mutation, etiological
analysis

Introduction

Hearing loss is the most common congenital disease affecting about 2/1,000
newborns (1). Approximately 70% of non-syndromic hearing loss is caused by genetic
defects (2). Autosomal recessive non-syndromic deafness, the most common form of
hearing loss, is usually pre-lingual and accounts for 80% of non-syndromic hereditary
deafness. Autosomal dominant non-syndromic deafness, which is often post-lingual,
accounts for the remaining 20% (3). Mitochondria and X-linked inheritance account
for only 1-2% of non-syndromic deafness. About 30% of genetic deafness is associated
with about 700 symptoms described to date, leading to syndromic deafness (4). To date,
more than 44 syndromic deafness genes and 100 non-syndromic deafness genes have
been mapped (http://hereditaryhearingloss.org).

Currently, next-generation sequencing (NGS) is increasingly applied in clinics to
enable accurate diagnosis. In this study, we recruited 13 Chinese Han deafness families
negative for GJB2, SLC26A4 and mitochondrial 12S rRNA. The probands of each family
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were performed targeted NGS for known hearing loss genes or
whole-exome sequencing (WES) to study for pathogenic causes.

Subjects and methods

Subjects collection and audiological
evaluations

Thirteen patients (HL1~13) were recruited from the
Department of Otorhinolaryngology-Head and Neck Surgery
of Xinhua Hospital affiliated with Shanghai Jiaotong University
School of Medicine. Informed consent was approved from
all subjects to participate in this study from October 1,
2018 to December 31, 2020. For child participants, written
consent will be sought from their parents or guardians.
All patients had a detailed medical history and a thorough
examination to rule out noise, trauma, pregnancy infection, and
other non-genetic factors. All affected subjects were evaluated
by audiological examinations, including otoscopy, pure-tone
audiometry (PTA), distortion product otoacoustic emissions
(DPOAES), and auditory brainstem response (ABR). Magnetic
resonance imaging (MRI) was performed on the HL13 proband.
The research was approved by the Ethics Committee of Xinhua
Hospital affiliated to Shanghai Jiaotong University School of
Medicine (No. XHEC-D-2021-060).

Targeted NGS

Genomic DNA of all family members was extracted
from whole peripheral blood leukocytes. Using polymerase
chain reaction (PCR) amplification, GJB2, SLC26A4, and the
mitochondrial 12S rRNA exon were directly sequenced first in
13 probands. A panel of 415 hearing loss-related genes was
performed by targeted NGS in 12 probands excluding HL6
(Supplementary Table 1). Data processing including targeted
gene capturing, filtering of multiple databases for variations, and
bioinformation analysis was previously reported in detail (5).
Potential causative mutations, which were detected by targeted
NGS, were identified for each proband using Sanger sequencing.
Where possible, a co-segregation analysis of all family members
was also conducted.

Whole exome sequencing

The whole exome sequence of the HL6 proband was
sequenced in the Illumina platform by the NextSeq500
sequencer, and the obtained reads by whole exome sequence
were mapped to the human genome reference sequence hg19.
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SNP arrays

We used SNP arrays to detect the chromosomal regions of
CNV identified by targeted NGS in the HL5. SNP arrays were
performed as previously reported in detail (5).

Multiplex ligation-dependent probe
amplification

The SALSA® MLPA® probe mixes P461-A1 DIS (MRC-
Holland, Amsterdam, The Netherlands) was used to identify
deletion/duplication of STRC-CATSPER2 in HL6 and HL7
family members, according to the manufacturer’s instructions.
The PCR amplification products were analyzed on ABI 3500
Genetic Analyzer (Life-Technologies, Carlsbad, CA) using Gene
Marker 1.91 software (Soft Genetics, State College, PA).

Results

Clinical manifestations

There are eight female and five male probands. Those
affected individuals ranged in age from 14 months to 49
years. Patients from 13 Chinese families all had congenital,
bilateral, and sensorineural hearing loss. They all come to the
doctor because they have failed newborn hearing screening or
were diagnosed with hearing abnormalities in infancy. Their
hearing loss was relatively stable, with the exception of a mild
progression of HL5 proband. Hearing loss was defined as varying
degrees, including moderate, severe, and profound hearing loss.
Click on the auditory brainstem response thresholds was 60-70
dBs for HL5, 40 dBs for HL6, 60-70 dBs for HL7, 40 dBs for the
left ear, and 90 dBs for the right ear of HL11 proband. The other
probands had profound hearing loss. The HL5 proband was
diagnosed with retinitis pigmentosa by an ophthalmologist as a
teenager including symptoms of small vision, night blindness,
and amblyopia. The HL10 proband had a heterochromia iridis,
and her father had a heterochromia iridis but no hearing loss.
The HLI1 proband had excessive freckles, and his father had
excessive freckles but no hearing loss. The HL12 proband had
hydronephrosis. Ear malformation was observed in the HL13
proband by MRI, including abnormal enlargement of inner
ear canal, bone defect of cochlear apex and skull base, and
cerebrospinal fluid.

Genetic findings
To detect possible causative variations by target NGS or

WES, nonsynonymous variants were filtered, with minor allele
frequencies greater than 0.005 for autosomal recessive, and
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TABLE 1 The gene mutation of HL1-13.

Gene Mutation Nucleotide change Amino InterAcmg Mutationtaster Pathogenic SIFT Allele References
type (transcript acid grade (score) frequency
version) change in controls
Autosomal
recessive
USH2A Missense c.9611A>G p.-H3204R PM3_Strong, Polymorphism (1) Uncertain Tolerated 0/1000 25649381
(NM_206933) BP4 (0.052)
Missense c.7068T>G p-N2356K PM1, BP4 Disease_causing Uncertain Damaging 0/1000 30245029
(NM_206933) (0.937) (0.005)
CDH23 Stop €.2333G>A p-W778* PVS1, PM2 Disease_causing_automatic Likely_pathogenic - 0/1000 Novel
coden (NM_022124) (1)
Stop €.6409C>T p.Q2137* PVS1, PM2 Disease_causing_automatic Likely_pathogenic - 0/1000 Novel
coden (NM_022124) (1)
CDH23 Splicing c.3579+5G>A - PM2 - Uncertain - 0/1000 Novel
(NM_022124.5)
Splicing ¢.7051_7054+1dup - PVS1, PM2 - Likely - 0/1000 Novel
(NM_022124.5) pathogenic
MYOI15A Missense €.5693G>A p-R1898Q PM2, PP3 Disease_causing (1) Uncertain Damaging 0/1000 Novel
(NM_016239.3) (0.011)
Frameshift ¢.10258_10260del p.F3420 PM3_Strong, - Likely - 0/1000 31250571
TTC(NM_016239.3) fs* PM2, PM4 pathogenic
ADGRV1 Frameshift ¢.12177_12181delGGTTG p-V4060 PVS1,PM2 - Likely - 0/1000 Novel
(NM_032119) fs*12 pathogenic
CNV chr5: 89887683 - - - - - - - Novel
(whole) 90431463
STRC CNV chr15:43888567- - - - - - - Novel
(whole) 43988112
STRC CNV chr15:43891839- - - - - - - 26969326
(E15-29) 43902647
TMC1 Splicing c16+1C>T - PVS1,PM3_Strong,PM2 Disease_causing (1) Pathogenic - 0/1000 25525159
(NM_138691)
Splicing €.535+5G>A - PM2 - Uncertain - 0/1000 Novel
(NM_138691)
Autosomal
dominant
(Continued)
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PM2
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£5*29
p.T303T
p.Y113H

)

)

M_144773

)
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NM_001127366

c.1174-2A>T
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NM_181457
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NM_000248
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Splicing
Missense
whole
deletion

-, No information; *, stop coden.

PAX3
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PROKR2
X-linked
recessive
POU3F4

10.3389/fneur.2022.1048218

minor allele frequencies greater than 0.0005 for autosomal
dominant. Candidate causative mutations are summarized in
Table 1. In 8 recessive families, bi-allelic mutations were found
in known deafness genes, part of which were identified by
parental genotyping including p.H3204R and p.N2356K in
USH2A (OMIM 608400), p.Q2137X and p.W778X in CDH23
(OMIM 605516), ¢.3795 + 5 G>A and c.7051_7054 + 1dup
in CDH23 (OMIM 605516), p.R1898Q and ¢.10258_10260 del
in MYOI5A (OMIM 602666), c.12177_12181delGGTTG and
a duplication in ADGRVI (OMIM 602851), partial or whole
gene deletion in STRC (OMIM 606440), c.16 + 1C>T and
c.535 + 5G>A in TMCI (OMIM 606706) (Table1). In 4
dominant families, four heterozygous variants associated with
dominant deafness were identified, including c.534_535 in
GGAGGCAGAGGAA in PAX3 (OMIM 606597), c.1174-2A
> T in PAX3 (OMIM 606597), p.T303T in MITF (OMIM
156845), and p.Y113H in PROKR2 (OMIM 607123), as well
as partial co-segregating with the phenotype (Figure 1). In
the HL13 proband, we detected the hemizygous deletion of
POU3F4 gene by targeted sequencing, which is consistent with
the clinical phenotype of the patient. The co-separation of the
reported mutations was confirmed from the hearing phenotype
of the extended family members by Sanger sequencing
(Figures 1, 2). Of the 19 mutations identified in this study,
10 were reported to be associated with deafness for the first
time (Table 1, Figure 2).

Using targeted NGS and SNP arrays, the HL5 proband was
found to replicate approximately 544 kb in chromosome region
5q14.3 [arr5q14.3 (89887683-90431463) X3] (Figure 2). Whole
exon sequencing revealed a 99 kb of copy number variation in
the HL6 proband at 15q15.3 (43888567-43988112), including
STRC, CKMTI1A, CKMT1B, and CATSPER2 genes. Using MLPA,
we found that the sibling in the HL6 family with the same
symptoms also had the same CNV (Figure 3). In the HL7 family,
the results of WES and MLPA revealed that the proband had
a homozygous deletion in exon 8 and 10 of CKMTIB gene,
and exon 19, 23-25 of STRC gene, heterozygous deletion of
exon 1, 2, 4, 7, and 12 of CATSPER2 gene. Using MLPA,
we detected heterozygous deletion of exon 8, 10 of CKMTIB
gene, and exon 19, 23-25 of STRC gene in the father of the
proband; heterozygous deletion in exon 8 and 10 of CKMTIB
gene, exon 19, 23-25 of STRC gene, and exon 1, 2, 4, 7,
and 12 of CATSPER2 gene in the mother of the proband
(Figure 3).

Discussion

In CDH23, homozygous nonsense, frameshift, some
missense and splice site mutations, or compound heterozygotes
combined of these above USHID alleles are considered
hypomorphic alleles with no sufficient retinal, vestibular, and
auditory cochlear function leading to USHI1D. Conversely,
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missense mutations in CDH23 are associated with non-
syndromic DFNBI12 deafness. The DFNB12 allele maintains
normal retinal and vestibular function and is dominant to
the USHID allele phenotypically, even in the presence of
the USHI1D allele (6). In this study, patients were young at
the time of diagnosis. While there are no obvious vestibular
and retina symptoms, based on the above principles, we can
make a USHI1D diagnosis in this study due to the nonsense
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and splice site mutations of CDH23 in the proband HL2
and HL3. ADGRVI is a pathogenic gene of USH2C, which
is belonging to USH2. The primary clinical manifestation
of USH2 is congenital moderate to severe deafness, and
onset of retinitis pigmentosa within 1-20 years of life, but
without vestibular impairment. Besnard et al. (7) concluded
that ADGRV1 mutations account for 6.4% and a small but
significant proportion of mutations that cause USH2. Newly
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result of the proband HL5. (K) The NGS result of the HL5 proband.
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(A) The NGS result of the mutation ¢.2333G > A in CDH23 of HL2 proband. (B) The NGS result of the mutation ¢.6409C > T in CDH23 of HL2
proband. (C) The Sanger sequencing result of the mutation ¢.3579 + 5G > A in CDH23 of HL3 proband. (D) The Sanger sequencing result of the
mutation ¢.7051_7054 + 1dup in CDH23 of HL3 proband. (E) The Sanger sequencing result of the mutation c.5693G > A in MYO15A of HL4
proband. (F) The NGS result of the mutation ¢.535 + 5G > A in TMC1 of HL8 proband. (G) The NGS result of the mutation
¢.534_535insGGAGGCAGAGGAA in PAX3 of HL9 proband. (H) The Sanger sequencing result of the mutation ¢.12177_12181delGGTTG in
ADGRV1 of HL5 proband. (I) The gPCR results of the exon 1, 45, and 90 in ADGRV1 of the HL5 proband contrast to normal. (J) The SNP array

PAXS: NM_00t127366; 0.534_83EinsGGACGCAGAGGAA, readsl-
1

CTTCTTCTCGCTTTCCTCTGCCTCCTTCCTCTCCAAGTCGGCCTCCTC

research suggests gene dysfunction associated with Usher
syndrome is the second-leading genetic cause of hereditary
sensorineural hearing loss after connexin dysfunction (8). In

Frontiersin Neurology

this study, because the probands of HLI, 2, and 3 were still
young and only showed hearing problems, they will develop
into Usher syndrome in the future. The proband HL5 was over
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FIGURE 3
(A—C) The WES results of I:1, I:2, and Il:1 in HL6 family. (D,E) The MLPA results of I1:1 and I1:2 in HL6 family. (F) The NGS result of HL7 proband.
(G—I) The MLPA results of II:1, 1:2, and I:1 in HL7 family.

30 years old, and he showed typical symptoms of the Usher Of all congenital sensorineural deafness, STRC mutations
syndrome, including hearing loss, small vision, night blindness, reported for the first time in 2001 are currently estimated
and amblyopia. to account for ~5-6% (9). However, given variable STRC
Frontiersin Neurology frontiersin.org
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allele frequencies existing in different races, there may be a
higher proportion, and an increasing number of cases are
reporting copy number variation relevant to clinical in the
STRC locus (10). STRC, with 99.6% coding sequence identity,
is closely linked to the pseudogene and is a challenge for the
analysis. The gene CATSPER2, a neighboring gene to STRC, is
responsible for sperm motility and leads to deafness infertility
syndrome in males, most commonly with sequential deletion
of both STRC and CATSPER2 genes. Women with this serial
loss only suffer from hearing loss (11). The study indicates
that, after the GJB2 gene which is the majority of mild to
moderate inherited deafness, STRC deletion accounts for the
second most common cause (12). Due to racial differences and
insufficient attention, the role of STRC gene mutations in the
pathogenic of hereditary deafness in China is less reported.
The results show that copy number variation of STRC gene
is not uncommon in clinics. Next-generation sequencing can
identify such cases. Combining with the MLPA method, patients
can be accurately diagnosed with the STRC gene mutation,
which requires us to pay more attention to its pathogenicity in
the clinic.

Waardenburg syndrome is susceptible to being
misdiagnosed as autosomal recessive due to PAX3 spontaneous
mutation and ignores MITF-related freckle phenotype. It
is a de novo mutation c¢.534_535ins GGAGGCAGAGGAA
of PAX3 in the HL9 proband. C.1174-2A > T in PAX3 of
the HL10 proband and ¢.909G >A in MITF of the HL11
proband were inherited from their fathers, respectively,
with heterochromia iridis or excessive freckles but no
hearing loss.

DFNX2 (X-linked deafness type 2), with clinical features,
typically include progressive mixed hearing loss, stapes fixation,
and temporal bone anomalies, is the most common type
14). The POU3F4
mutations account for approximately 50% of genetic causes
of DENX2 (15). Affected men showed mixed hearing loss

or less commonly, only sensorineural hearing loss. Typical

of X-linked deafness in humans (13,

manifestations of MRI are characterized by hypoplasia of the
cochlear base, thickening of the base of stapes floor, loss of
the bony modiolus, expansion of internal acoustic meatus, and
abnormally wide communication between the cochlear base and
the auditory bone (16). In our study, we investigated the HL13
proband was characterized by structural abnormalities of inner
ear, X-linked recessive inheritance, and hemizygous deletion
in POU3F4.

Our
sporadic

in a limited number of
the of
some families are lack of validation by other affected
which further
relevant especially novel
Our further the

pathogenicity of the reported mutation sites in the hearing

research  resulted

family samples, and genetic  results

family ~members, needs a evaluation

from other studies, those

mutations. results  also verified

loss population.
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Conclusion

The results of the limited samples of this study show
that hearing loss is a highly genetic heterogeneous disease.
In hearing loss patients negative of GJB2, SLC26A4, and
mitochondrial 12S rRNA, Usher and Waardenburg syndrome-
related genes account for a major proportion in Chinese
Han families, followed by STRC causing mild to moderate
hearing loss.
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Case report: Spiller syndrome
initially mimicking vestibular
neuritis
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Jie Xu? and Yu Geng'?*
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Spiller syndrome is a rare subtype of medial medullary infarction (MMI). Herein,
we report on a patient with progressing stroke who presented with the
initial features of acute peripheral vestibulopathy and MMI (Spiller syndrome),
as confirmed by magnetic resonance imaging (MRI). A 42-year-old man
experienced acute persistent vertigo with nausea, vomiting, and severe gait
instability for 6 h before presenting to the emergency department. He exhibited
spontaneous right-beating horizontal-torsional nystagmus that intensified on
rightward gaze. The patient fell to the left side during the Romberg test.
Cranial computed tomography (CT) performed immediately upon admission
did not provide evidence for ischemia or hemorrhage of the brainstem
and cerebellum; however, the symptoms underwent exacerbation 4h after
admission, manifesting as left-sided limb weakness and dysarthria, without
dysphagia. Furthermore, bedside examination revealed difficulty in extending
the tongue to the right, positive left Babinski's sign, and abnormal vibration and
position sense in the paralyzed limb. Head impulse test recording revealed a
normal gain in the vestibulo-ocular reflex, and numerous consistent covert
corrective saccades were captured upon turning the head to the left side.
Cranial MRI depicted an acute infarct confined to the right side of the
medial medulla, which met the diagnostic criteria for Spiller syndrome. Our
study underscores the importance of considering the possibility of a nucleus
prepositus hypoglossi lesion even if the signs and symptoms support the
diagnosis of peripheral lesions in patients with acute vestibular syndrome
exhibiting vascular risk factors.

KEYWORDS

Spiller syndrome, vestibular neuritis (VN), nucleus prepositus hypoglossal, ischemic
stroke (IS), vertigo, nystagmus

1. Introduction

Spiller syndrome, a rare subtype of medial medullary infarction (MMI), is
characterized by a triad of contralateral hemiparesis sparing the face, the contralateral
loss of deep sensation, and ipsilateral hypoglossal paralysis (1, 2). Owing to the
complexity and variability of the vascular supply to the medial medulla oblongata (3, 4),
a typical triadic presentation of Spiller syndrome is uncommon (5-7).
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Acute vestibular syndrome (AVS) manifests as recent-onset
continuous vertigo, nausea, vomiting, motion intolerance, and
gait instability lasting from days to weeks (8). Vestibular neuritis
(9) is a common etiology of AVS. However, it also occurs in
patients with stroke involving the cerebellum or brainstem,
i.e., pseudo-vestibular neuritis (10, 11), which has rarely been
reported in Spiller syndrome.

This case report describes a patient with progressing stroke
who initially presented with the features of both acute peripheral
vestibulopathy and MMI (Spiller syndrome), as confirmed by
magnetic resonance imaging (MRI).

2. Case description

A 42-year-old man presented with acute persistent
vertigo, concomitant with nausea, vomiting, and severe
gait instability for 6h prior to admission to the emergency
department (ED). He denied experiencing headaches, neck
pain, auditory symptoms, diplopia, dysphagia, dysarthria, and
other focal neurological symptoms. He had a history of cerebral
hemorrhage, hypertension for 7 years, and diabetes mellitus for 5
years. Physical examination revealed spontaneous right-beating
horizontal-torsional nystagmus that became more prominent
on rightward gaze (Supplementary Video 1). There were no
corrective saccades on the bedside head impulse test (HIT),
without head tilt or skew deviation (Supplementary Video 2).
The patient fell to the left side during the Romberg test. The
general physical and remaining neurological examinations
yielded normal results. Cranial computed tomography (CT)
performed immediately upon arrival to the ED did not provide
any (imaging) evidence for ischemia or hemorrhage of the
brainstem and cerebellum (Figure 1). However, CT revealed
leftward conjugate ocular deviation upon closing the eyes
(Figure 1B). Since the bedside HITs were normal, we considered
this patient to have a “pseudo-vestibular neuritis” with central
HINTS and administered pharmacotherapy for symptom relief.

Four hours following admission, the symptoms underwent
exacerbation, manifesting as left-sided limb weakness and
dysarthria, without dysphagia. A bedside examination revealed
spontaneous right-beating nystagmus, difficulty in extending the
tongue to the right, positive left Babinski’s sign, and abnormal
vibration and position sense in the paralyzed limb; nonetheless,
the patient did not have pain and fever. Subsequently, he
underwent cranial magnetic resonance imaging (MRI), which
revealed an acute infarct confined to the right side of the medial
medulla (Figures 2A-C). Cervical and cranial CT angiography
revealed occlusion of the left vertebral artery at the V4
segment (Figure 2D). Furthermore, we recorded nystagmus
using a video-oculography system (ICS Impulse, Otometrics,
Denmark). The patient exhibited spontaneous right-beating
nystagmus with a mean slow-phase velocity (SPV) of 7.7°/s,
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which decreased during visual fixation, with a mean SPV of
1.6°/s (Figure 3A). Nystagmus was identical to spontaneous
nystagmus in all gaze directions but was more intense upon
gazing to the right (Figure 3B). HIT recording using the ICS
Impulse system revealed a normal gain in the vestibulo-ocular
reflex (VOR) (0.99 for the right horizontal canal and 0.84 for
the left horizontal canal; normal value >0.80), and numerous
consistent covert corrective saccades were captured upon
turning the head to the left side (Figure 3C). Echocardiography
and electrocardiography did not provide any evidence for a
cardiogenic etiology.

Following 1 week, the vestibular symptoms and nystagmus
had largely disappeared, and the left limb weakness and deep
sensory deficits had partially improved; however, he was still
unable to walk independently.

3. Discussion

The patient presented with central unilateral paralysis of
the hypoglossal nerve, contralateral limb hemiparesis, and deep
sensory hemianopia; thus, the lesion was localized clinically to
the sublingual nucleus, corticospinal tract, and medial tegmental
tract. Moreover, cranial MRI revealed an acute cerebral infarct in
the medial medulla, which met the diagnostic criteria for Spiller
syndrome (1). The initial clinical symptoms and abnormal
oculomotor signs presented a diagnostic challenge. This is
because infarcts located at this anatomical site present only
with symptoms of isolated acute vestibular damage commonly
arising from the brainstem root entry zone, vestibular nucleus,
or cerebellum (12), but not the medial medulla. Therefore, the
functional and anatomical relationship between the signs and
symptoms of vertigo and medullary infarction in this patient
requires further explanation (12, 13).

Interestingly, HIT examinations of the patient demonstrated
covert left corrective saccades at 4 days following onset.
Furthermore, the gain in the VOR was still within the normal
range at 4 days, which confirmed the presence of a clear central

FIGURE 1

(A, B) Cranial computed tomography (CT) demonstrates no
abnormality in the brain tissue. (B) A leftward conjugate ocular
deviation is observed while the eyes are closed (white arrow).
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FIGURE 2

(A—C) Diffusion-weighted magnetic resonance imaging (DWI) of the patient. (A) No abnormal signal is observed in the vestibular nucleus of the
pons. (B) Acute infarction in the medial medulla, which involves the nucleus prepositus hypoglossal (NPH) (white arrow). (D) Cranial computed

tomography angiography (CTA) of the patient demonstrates total occlusion of the left intracranial vertebral artery (ICVA), which represents the
offending vessel.
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(A) Without visual fixation, the patient demonstrates spontaneous right-beating nystagmus with a linear nystagmus waveform and a mean
slow-phase velocity (SPV) of 7.7°/s, which decreases during visual fixation, with a mean SPV of 1.6°/s. (B) Nystagmus in all gaze directions is
similar with spontaneous nystagmus, and is more intense upon staring to the right. (C) Results of the video-oculography-based HIT (vHIT) (RHC,
right horizontal semicircular canal; LHC, left horizontal semicircular canal). The VHIT results demonstrate numerous corrective saccades in the
left horizontal semicircular canal, but the VOR gain is in the normal range, thereby suggesting damage in the central nervous system. vHIT
examination of the bilateral anterior semicircular canal and posterior semicircular canal reveals no abnormality.
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vestibular compensatory effect (13, 14), thus suggesting the
symptoms of vertigo were closely related to the impairment of
central vestibular function (11, 15-18). Fibers originating from
the nucleus prepositus hypoglossi (NPH) near the dorsal midline
of the medulla oblongata can affect contralateral vestibular
function by inhibiting the pathway formed by the inferior olive-
cerebellar lobule-vestibular nucleus on the contralateral side
(12, 19,20) (Figure 4). Therefore, damage to one side of the NPH
leads to vestibular dysfunction on the side opposite to the lesion,

vertigo symptoms resembling vestibular neuritis, spontaneous
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horizontal nystagmus, and vestibular ataxia (12, 20). Moreover,
the fibers emanating from the NPH can affect the excitability
of the contralateral paramedian pontine reticular formation
(PPRF) by affecting the neural pathways between the ipsilateral
cerebellar flocculus and fastigial nucleus. Damage to one side
of the NPH leads to a decline in the inhibitory effect on the
PPRF on the contralateral side, thus increasing excitability;
furthermore, the patients may exhibit an ocular contrapulsion
(Figure 1B) (21-23). Moreover, an NPH lesion reduces the
inhibitory effect on the vestibular nucleus, thus contributing
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FIGURE 4

— Inhibitory projection
-~ EXCitatory projection

Connections between the NPH and vestibular-brainstem-cerebellar system. FN, fastigial nucleus; VN, vestibular nucleus; NPH, nucleus
prepositus hypoglossal; PPRF, paramedian pontine reticular formation; and ION, inferior olivary nucleus. The ION principally accepts inhibitory
fibers from the contralateral NPH. Damage to one side of the NPH excites the contralateral Purkinje fibers. The contralateral VN and cerebellar
fastigial nucleus are suppressed, and the excitability of the contralateral PPRF increases.

to the establishment of central compensatory function and
shortening the duration of the vestibular symptoms.

4. Conclusion

This case report described a clinically rare case of
progressive classic Spiller syndrome that initially mimicked
vestibular neuritis. Clinicians unfamiliar with the NPH may
require clarification about the correlation between the initial
presentation of contralateral pseudovestibular neuritis to the
lesion of this progressive stroke. This case report explains
the anatomical site of the NPH and its pathophysiological
mechanism in the vestibular-ocular movement pathway such
that non-nerve-otology professionals can understand the
pathogenesis and clinical manifestations of NPH-mediated
“pseudovestibular neuritis.”

Data availability statement

The original contributions presented in the study are
included in the article/Supplementary material, further inquiries
can be directed to the corresponding author.

Ethics statement

Written informed consent was obtained from the
individual(s) for the publication of any potentially identifiable

images or data included in this article.

Frontiersin Neurology

54

Author contributions

HW and YG mainly wrote this article. TS participated in the
revision and provided valuable medical records and professional
advice. All authors helped organize the case data and provided
valuable advice. All authors contributed to the article and
approved the submitted version.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be
found online at: https://www.frontiersin.org/articles/10.3389/
fneur.2022.1072220/full#supplementary-material

frontiersin.org


https://doi.org/10.3389/fneur.2022.1072220
https://www.frontiersin.org/articles/10.3389/fneur.2022.1072220/full#supplementary-material
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Wang et al.

References

1. Pergami P, Poloni TE, Imbesi F, Ceroni M, Simonetti F. Dejerine’s syndrome or
Spiller’s syndrome? Neurol Sci. (2001) 22:333-6. doi: 10.1007/s10072-001-8178-3

2. Fukuoka T, Takeda H, Dembo T, Nagoya H, Kato Y, Deguchi I, et al. Clinical
review of 37 patients with medullary infarction. J Stroke Cerebrovasc Dis. (2012)
21:594-9. doi: 10.1016/j.jstrokecerebrovasdis.2011.01.008

3. Tatu L, Moulin T, Bogousslavsky ], Duvernoy H. Arterial territories
of human brain: brainstem and cerebellum. Neurology. (1996) 47:1125-
35. doi: 10.1212/wnl.47.5.1125

4. Bassetti C, Bogousslavsky J, Mattle H, Bernasconi A. Medial medullary stroke:
report of seven patients and review of the literature. Neurology. (1997) 48:882-
90. doi: 10.1212/wnl.48.4.882

5. Pongmoragot J, Parthasarathy S, Selchen D, Saposnik G. Bilateral medial
medullary infarction: a systematic review. J Stroke Cerebrovasc Dis. (2013) 22:775—
80. doi: 10.1016/j.jstrokecerebrovasdis.2012.03.010

6. Kim JS, Han YS. Medial medullary infarction: clinical, imaging,
and outcome study in 86 consecutive patients. Stroke.  (2009)
40:3221-5. doi: 10.1161/STROKEAHA.109.559864

7. Akimoto T, Ogawa K, Morita A, Suzuki Y, Kamei S. Clinical study of
27 patients with medial medullary infarction. J Stroke Cerebrovasc Dis. (2017)
26:2223-31. doi: 10.1016/j.jstrokecerebrovasdis.2017.05.004

8. Hotson JR, Baloh RW. Acute vestibular syndrome. N Engl ] Med.
(1998) 339:680-5.

9. Jeong SH, Kim HJ, Kim JS. Vestibular neuritis. Semin Neurol. (2013) 33:185-
94. doi: 10.1055/s-0033-1354598

10. Thémke FE Hopf HC. Pontine lesions mimicking
peripheral  vestibulopathy. ]  Neurol — Neurosurg  Psychiatry.
66:340-9. doi: 10.1136/jnnp.66.3.340

acute
(1999)

11. Tarnutzer AA, Berkowitz AL, Robinson KA, Hsieh YH, Newman-Toker DE.
Does my dizzy patient have a stroke? A systematic review of bedside diagnosis in
acute vestibular syndrome. CMA]J. (2011) 183:E571-92. doi: 10.1503/cmaj.100174

12. Seo SW, Shin HY, Kim SH, Han SW, Lee KY, Kim SM, et al. Vestibular
imbalance associated with a lesion in the nucleus prepositus hypoglossi area. Arch
Neurol. (2004) 61:1440-3. doi: 10.1001/archneur.61.9.1440

Frontiersin Neurology

55

10.3389/fneur.2022.1072220

13. Tighilet B, Bordiga P, Cassel R, Chabbert C. Peripheral vestibular plasticity
Vs Central compensation: evidence and questions. J Neurol. (2019) 266:27-
32. doi: 10.1007/500415-019-09388-9

14. Swamy Suman N, Kumar Rajasekaran A, Yuvaraj P, Pruthi N, Thennarasu
K. Measure of central vestibular compensation: a review. J Int Adv Otol. (2022)
18:441-6. doi: 10.5152/i20.2022.21207

15. Strupp M, Bisdorff A, Furman J, Hornibrook J, Jahn K, Maire R, et al. Acute
unilateral vestibulopathy/vestibular neuritis: diagnostic criteria. J Vestib Res. (2022)
32:389-406. doi: 10.3233/VES-220201

16. Newman-Toker DE, Kattah JC, Alvernia JE, Wang DZ. Normal head impulse
test differentiates acute cerebellar strokes from vestibular neuritis. Neurology.
(2008) 70:2378-85. doi: 10.1212/01.wnl.0000314685.01433.0d

17. Mantokoudis G, Tehrani AS, Wozniak A, Eibenberger K, Kattah
JC, Guede CI, et al. Vor gain by head impulse video-oculography
differentiates acute vestibular neuritis from stroke. Otol Neurotol. (2015)
36:457-65. doi: 10.1097/ma0.0000000000000638

18. Machner B, Erber K, Choi JH, Sprenger A, Helmchen C, Trillenberg P, et al.
Simple gain-based evaluation of the video head impulse test reliably detects normal
Vestibulo-Ocular Reflex indicative of stroke in patients with acute vestibular
syndrome. Front Neurol. (2021) 12:741859. doi: 10.3389/fneur.2021.741859

19. Kim JS, Choi KD, Oh SY, Park SH, Han MK, Yoon BW, et al. Medial
medullary infarction: abnormal ocular motor findings. Neurology. (2005) 65:1294-
8. doi: 10.1212/01.wnl.0000180627.80595.10

20. Cho HJ, Choi HY, Kim YD, Seo SW, Heo JH. The clinical syndrome and
etiological mechanism of infarction involving the nucleus prepositus hypoglossi.
Cerebrovasc Dis. (2008) 26:178-83. doi: 10.1159/000145325

21. Kim SH, Zee DS, du Lac S, Kim HJ, Kim JS. Nucleus Prepositus Hypoglossi
lesions produce a unique ocular motor syndrome. Neurology. (2016) 87:2026-
33. doi: 10.1212/wnl.0000000000003316

22. Choi WY, Gold DR. Ocular
in  brainstem disease. ]  Clin
404. doi: 10.1097/WNP.0000000000000593

disorders
36:396—

and vestibular
(2019)

motor
Neurophysiol.

23. Britton Z, Scott G. Ocular ipsipulsion caused by posterior inferior cerebellar
artery stroke. Stroke. (2022) 53:037510. doi: 10.1161/strokeaha.121.037510

frontiersin.org


https://doi.org/10.3389/fneur.2022.1072220
https://doi.org/10.1007/s10072-001-8178-3
https://doi.org/10.1016/j.jstrokecerebrovasdis.2011.01.008
https://doi.org/10.1212/wnl.47.5.1125
https://doi.org/10.1212/wnl.48.4.882
https://doi.org/10.1016/j.jstrokecerebrovasdis.2012.03.010
https://doi.org/10.1161/STROKEAHA.109.559864
https://doi.org/10.1016/j.jstrokecerebrovasdis.2017.05.004
https://doi.org/10.1055/s-0033-1354598
https://doi.org/10.1136/jnnp.66.3.340
https://doi.org/10.1503/cmaj.100174
https://doi.org/10.1001/archneur.61.9.1440
https://doi.org/10.1007/s00415-019-09388-9
https://doi.org/10.5152/iao.2022.21207
https://doi.org/10.3233/VES-220201
https://doi.org/10.1212/01.wnl.0000314685.01433.0d
https://doi.org/10.1097/mao.0000000000000638
https://doi.org/10.3389/fneur.2021.741859
https://doi.org/10.1212/01.wnl.0000180627.80595.10
https://doi.org/10.1159/000145325
https://doi.org/10.1212/wnl.0000000000003316
https://doi.org/10.1097/WNP.0000000000000593
https://doi.org/10.1161/strokeaha.121.037510
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

:' frontiers ‘ Frontiers in Neurology

‘ @ Check for updates

OPEN ACCESS

EDITED BY

Michael Strupp,

Ludwig Maximilian University of
Munich, Germany

REVIEWED BY
Nicolina Goldschagg,

Ludwig Maximilian University of
Munich, Germany

Bryan Kevin Ward,

Johns Hopkins University, United States

*CORRESPONDENCE
Alexander Andrea Tarnutzer
alexander.tarnutzer@ksb.ch

RECEIVED 15 May 2023
ACCEPTED 31 May 2023
PUBLISHED 26 June 2023

CITATION
Spiegelberg M, Ermis E, Raabe A and
Tarnutzer AA (2023) Triggered episodic
vestibular syndrome and transient loss of
consciousness due to a retrostyloidal vagal
schwannoma: a case report.

Front. Neurol. 14:1222697.

doi: 10.3389/fneur.2023.1222697

COPYRIGHT
© 2023 Spiegelberg, Ermis, Raabe and
Tarnutzer. This is an open-access article
distributed under the terms of the Creative
Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is
permitted, provided the original author(s) and
the copyright owner(s) are credited and that
the original publication in this journal is cited, in
accordance with accepted academic practice.
No use, distribution or reproduction is
permitted which does not comply with these
terms.

Frontiersin Neurology

TvPE Case Report
PUBLISHED 26 June 2023
Dol 10.3389/fneur.2023.1222697

Triggered episodic vestibular
syndrome and transient loss of
consciousness due to a
retrostyloidal vagal schwannoma:
a case report
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tNeurology, Cantonal Hospital of Baden, Baden, Switzerland, 2Department of Radiation Oncology, Bern
University Hospital, University of Bern, Bern, Switzerland, *Neurosurgery, Bern University Hospital, Bern,
Switzerland, “Faculty of Medicine, University of Zurich, Zurich, Switzerland

Background: Various conditions may trigger episodic vertigo or dizziness,
with positional changes being the most frequently identified condition. In this
study, we describe a rare case of triggered episodic vestibular syndrome (EVS)
accompanied by transient loss of consciousness (TLOC) linked to retrostyloidal
vagal schwannoma.

Case description: A 27-year woman with known vestibular migraine presented
with a 19-month history of nausea, dysphagia, and odynophagia triggered by
swallowing food and followed by recurrent TLOC. These symptoms occurred
independently of her body position, resulting in a weight loss of 10kg
within 1 year and in an inability to work. An extensive cardiologic diagnostic
work-up undertaken before she presented to the neurologic department was
normal. On the fiberoptic endoscopic evaluation of swallowing, she showed a
decreased sensitivity, a slight bulging of the right lateral pharyngeal wall, and
a pathological pharyngeal squeeze maneuver without any further functional
deficits. Quantitative vestibular testing revealed an intact peripheral-vestibular
function, and electroencephalography was read as normal. On the brain MRI, a
16 x 15 x 12mm lesion in the right retrostyloidal space suspicious of a vagal
schwannoma was detected. Radiosurgery was preferred over surgical resection,
as resection of tumors in the retrostyloid space bears the risk of intraoperative
complications and may result in significant morbidity. A single radiosurgical
procedure (stereotactic CyberKnife radiosurgery, 1 x 13Gy) accompanied by oral
steroids was performed. On follow-up, a cessation of (pre)syncopes was noted
6 months after treatment. Only residual infrequent episodes of mild nausea
were triggered by swallowing solid food remained. Brain MRI after 6 months
demonstrated no progression of the lesion. In contrast, migraine headaches
associated with dizziness remained frequent.

Discussion: Distinguishing triggered and spontaneous EVS is important, and
identifying specific triggers by structured history-taking is essential. Episodes being
elicited by swallowing solid foods and accompanied by (near) TLOC should initiate
a thorough search for vagal schwannoma, as symptoms are often disabling,
and targeted treatment is available. In the case presented here, cessation of
(pre)syncopes and significant reduction of nausea triggered by swallowing was
noted with a 6-month delay, illustrating the advantages (no surgical complications)
and disadvantages (delayed treatment response) of first-line radiotherapy in vagal
schwannoma treatment.
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case report, dysphagia, radiotherapy, transient loss of consciousness, dizziness
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1. Introduction

Vagal schwannomas are rare benign nerve tumors with a
low incidence that hardly undergo malignant transformation and
often present as slow-growing asymptomatic neck masses (1).
Definitive pre-operative diagnosis and hence deciding on optimal
treatment is often challenging, especially when located in the skull
base within the retrostyloid space. In this study, we describe the
rare case of a young female patient with recurrent episodes of
dizziness, vertigo, and nausea accompanied by (near) transient
loss of consciousness (TLOC) triggered by swallowing solid
food, that was diagnosed with a retrostyloid vagal schwannoma
and focus on the diagnostic workup, differential diagnoses, and
treatment options.

2. Case description

A 27-year-old woman presented to our dizzy clinic in February
2021 with a 19-month history of recurrent episodes of dizziness
(lasting 2-3 min) accompanied by nausea and dysphagia (located
to the right side of the throat by the patient) and odynophagia
following swallowing solid foods. Frequently, these episodes were
followed by cold sweats, pallor, palpitations, and progressive right-
sided tinnitus (with the tinnitus being known for more than 12
years). At the time of presentation, TLOC for approximately 2 to
3min was noticed at least four times per week (see Figure 1 for
the timeline of events). These symptoms occurred independently
of her head and body position, and she could not avoid her
episodes of TLOC with typical prevention maneuvers for vasovagal
syncope such as squatting and leg crossing. Cervical pain, especially
during horizontal head rotations or while lying on the right side,
was denied. Due to these food-intake-related episodes, the patient
lost 10 kg within 12 months. The patients history was otherwise
uneventful except for episodic migraine headaches without aura
and a vestibular migraine (with episodes occurring about every
other month and lasting for 1 day), and she did not take any
medication on a regular basis. The patient’s mother suffered from
episodic headaches also, and an aunt had been diagnosed with
a stroke.

Before presenting to our dizzy clinic, the patient had
already received an extensive diagnostic work-up including
a cardiologic assessment with no signs of structural heart
arrhythmia
echocardiography,

disease or cardiac (with normal results on

transthoracic stress  echocardiography,
long-term electrocardiography, and heart MRI). A gastroscopy
showed normal results. On detailed neurologic and neuro-otologic
examination at the time of presentation to our clinic, the patient
showed no Horner syndrome, postural hypotension, or paroxysmal
cough. Gait and balance testing was within normal range, and
no signs of peripheral-vestibular loss-of-function were found
on head-impulse testing. Hearing was normal. No symptoms of
neurofibromatosis 1 could be detected.

With the episodes being triggered by swallowing solid foods,
a fiberoptic endoscopic evaluation of swallowing (FEES) was
performed. On FEES, a slight bulging of the right lateral pharyngeal

wall with decreased sensitivity to touch was noticed. Pharyngeal
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squeeze maneuvers revealed a diminished contraction of the right
lateral pharyngeal wall, which was considered pathological in
comparison to the left side. Pharyngeal squeeze maneuvers also
triggered cold sweats and dizziness without progression to syncope.
No further functional deficits were noted on FEES, especially no
recurrent laryngeal nerve paresis.

Extensive neurologic evaluation including
electroencephalography (EEG) and hemodynamic functional
testing (Schellong test, 72 h-continuous electrocardiography,
and 24h blood pressure measurement), as well as quantitative
vestibular testing (video head-impulse-testing (VHIT), cervical
vestibular-evoked myogenic potentials (VEMPs), ocular VEMPs,
and caloric irrigation), demonstrated normal results. On magnetic
resonance imaging (MRI) of the brain a homogenous, contrast-
enhancing lesion in the retrostyloidal space suspicious of a vagal
schwannoma (dimensions = 16 x 15 x 12mm) was detected
(Figures 2A-C). On MRI of the cervical spine, no degenerative
or post-infectious changes could be depicted. Subsequently, a
68-Ga-DOTA-peptite PET/CT scan was performed to better
characterize the metabolic properties of this lesion. Testing showed
no expression of SSTR2; hence, a paraganglioma or a glomus vagale
tumor was considered unlikely.

Based on these findings, the case was presented to
neuro-oncologists, neuro-radiologists, neurosurgeons, and
otorhinolaryngologists at the interdisciplinary Schwannoma Board
of the University Hospital of Bern, Switzerland. After evaluation,
the board proposed a single radiosurgical procedure (stereotactic
CyberKnife radiotherapy, 1x13Gy) accompanied by cortisone
treatment (dexamethasone 4 mg per day, halving the dose every
3 days) for 10 days in order to cope with any radiation-induced
edema. The patient agreed to this treatment, which was performed
in March 2022 and was tolerated without any side effects. On
6 weeks of follow-up after treatment, the patient reported no
reduction of the triggered episodes of (near) TLOC, dizzy spells,
and exacerbated right-sided tinnitus. Weight was stable (60.7 kg).
At the same time, however, longer-lasting episodes of vertigo and
light-headedness were noticed, accompanied by fear of syncope,
exhaustion, and transient left-sided hemisyndrome, which were
interpreted as secondary functional symptoms/panic attacks due
to complete restitution without treatment. Diagnostic procedures
revealed a normal MRI scan of the neurocranium, a normal
CT-angiogram, and EEG as well as normal cerebrospinal fluid
(CSF) puncture lab and vasculitis screening lab results.

On further follow-up, the patient reported a cessation of
episodes with (near) TLOC and dysphagia by October 2022,
with residual infrequent episodes of mild nausea triggered by
swallowing about twice per week. In contrast, migraine headaches
associated with dizziness remained frequent (up to five episodes
per week). On repeated brain MRIs obtained in September 2022,
the vagal schwannoma was unchanged in size and morphology
(Figures 2D-F). On the last follow-up in January 2023, the patient
confirmed a regression of her migraine headaches accompanied
by dizziness by approximately 50% of episodes and a continuing
cessation of episodes with (near) TLOC.

Written informed consent was obtained by the patient for
publication. Being a description of a single, clinical case, no ethics

approval was required.
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FIGURE 1

Illustration of the timeline of events, with reported complaints, diagnostic testing, and treatments is shown separately. CE, contrast-enhancing; CTA,
computed tomography angiography EEG, electroencephalography; FEES, fiberoptic endoscopic evaluation of swallowing; Gy, gray; Ga-DOTA,
gallium 68 labeled 1,4,7,10-tetraazacyclododecane-tetraacetic acid; MRI, magnetic resonance imaging; PET/CT, positron emission
tomography/computed tomography; SSTR2, somatostatin receptor 2; TLOC, transient loss of consciousness.

FIGURE 2
Illustration of the vagal schwannoma on brain MRI (axial, sagittal, and coronal post-contrast T1 volumetric interpolated breath-hold examination

(VIBE) sequences) before treatment (A—C) and on follow-up, 6 months after treatment (D—F). On initial imaging, a contrast-enhancing solid mass
(marked with white arrows) in the right retrostyloid space in both the axial (A), sagittal (B), and coronal (C) plane can be seen. On follow-up, the solid
mass is unchanged in size and morphology. Courtesy of MRl images (A—C): Bilddiagnostik Basel, Switzerland.
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3. Discussion

Based on her clinical presentation with recurrent triggered
dizziness (2), this patient met the diagnostic criteria for a triggered
episodic vestibular syndrome (tEVS) (3). While most frequently
tEVS is linked to positional changes in the context of benign
paroxysmal positional vertigo (BPPV) and orthostatic hypotension,
visual stimuli, or head motion (in patients with chronic vestibular
loss-of-function) (3), other less known causes need to be considered
as well. In this context, a structured history-taking addressing the
specific type of trigger(s) is essential. With swallowing solid foods as
a characteristic trigger, it is important to search for rare pathologies
including parapharyngeal space-occupying lesions. In our patient,
the diagnosis was based on the characteristic clinical presentation
and the location of the tumor on MR imaging in the retrostyloidal
parapharyngeal space. Importantly, these triggered episodes need
to be distinguished from the patient’s known migraine headaches
and the vestibular migraine.

In most of these patients, neurogenic tumors which hardly
undergo malignant transformation can be diagnosed (1, 4,
5). Nevertheless, they represent a considerable diagnostic and
treatment challenge: the differentiation between a prestyloid lesion
and a retrostyloid lesion is important due to the fact that the
majority of retrostyloid parapharyngeal lesions are peripheral nerve
sheath tumors, paragangliomas, or lymph node metastases (4).
In contrast, prestyloid lesions are benign in 70-80 % and mostly
of salivary (pleomorphic adenomas) or rarely neurogenic origin
(trigeminal schwannomas). The diagnostic approach to retrostyloid
masses includes MR-imaging as well as duplex ultrasound (6)
and—after the exclusion of head and neck paragangliomas (7, 8)—
transoral or transcervical fine-needle aspiration cytology (9). Vagus
schwannomas are well-encapsulated tumors that most often are
diagnosed between the third and sixth decade of life, presenting
with a cervical, slow-growing mass. When palpable, characteristic
findings of parapharyngeal neurogenic tumors can be found,
specifically, this mass is typically mobile transversely, but not
vertically, and dislocates the carotid artery and the jugular vein
anteriorly (10). Paroxysmal cough and hoarseness can be initial
symptoms. Schwannomas are often located in the retrostyloid
parapharyngeal space but can even extend into the posterior cranial
fossa via the jugular foramen (11).

3.1. Treatment options for vagal
schwannoma

Different therapeutic approaches need to be evaluated and
discussed, ranging from watchful waiting to radiotherapy and
microsurgical resection. Since many vagal schwannomas are
asymptomatic when diagnosed, observation with serial imaging
(“watchful waiting”) may be a viable option depending on the size
and location of the tumor as well as the age and overall health status
of the patient (12). Little is known about the natural history of
vagal schwannoma. As summarized by Sandler et al., most authors
estimate a growth rate of 1-3 mm per year based on limited case
series, anecdotal evidence, and extrapolation from the vestibular
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schwannoma literature (12). However, most patients on a watchful
waiting strategy will eventually need targeted treatment either
because of observed tumor growth or the occurrence of clinical
symptoms, as in the case presented here.

Surgical excision has been considered the primary treatment
option, being highly effective, however, depending on the
characteristics of the tumor (location, size, and surgeon’s
experience) (12). Reports using intraoperative nerve monitoring
have shown improved nerve preservation (12, 13). Reports on
radiosurgery for vagal schwannomas are still limited (12, 14-16).
Radiation therapy is a commonly employed primary treatment
option for vestibular schwannomas and has been shown to be
extremely effective in halting tumor growth in more than 90%
of cases (17). Recently, radiosurgery has been used as a primary
treatment for medium to small schwannomas and as a secondary
treatment for residual or recurrent disease after microsurgery
(15). On the one hand, vagal schwannomas (especially cervical
vagal schwannomas) are much easier to access surgically than
vestibular schwannoma and thus microsurgical removal while
leaving the vagal nerve intact is feasible (12). On the other hand,
surgical resection of tumors in the retrostyloid space bears the
risk of intraoperative complications (including vagal nerve damage
and vocal cord palsy, alterations in phonation and swallowing
(including painful swallowing), emergence of a Horner syndrome,
and dysfunction of the temporomandibular junction (18)) and
may result in significant morbidity. Thus, radiosurgery could be
considered in patients who have shown small (i.e., <30 mm in
diameter) tumors with tumor growth as in our patient (from
16 mm to 20 mm diameter within 5 months) but are poor surgical
candidates (18, 19). Importantly, the anticipated delay in treatment
response of more than 6 months needs to be considered also when
discussing different treatment options.

While  the
schwannomas following therapeutic radiation has been reported

malignant  transformation of  vestibular
in single cases (20), the estimated risk of a secondary malignancy
or malignant transformation of a benign tumor in patients treated
with radiosurgery remains low at long-term follow up [0.045% over
10 years (21)]. There are no data on the long-term outcome of vagal
schwannoma after radiosurgery. For microsurgical approaches,
data are very limited. Different surgical resection techniques
seem to have similar recurrence rates (12, 22). Noteworthy, in a
systematic review of vagal paragangliomas, the vagal nerve was
functionally preserved in only 11 of 254 surgically treated patients
(4.3%) (23).

Thus, with radiosurgery selected as a primary treatment
strategy, the case reported here reflects a novel approach.
Preference for radiosurgery over microsurgical resection was based
on an acceptable low risk of neurological deterioration after
treatment and the expected long-term local and functional control.
To date, resection has been the mainstay treatment for patients with
vagal schwannomas. Considering the difficulty in achieving tumor
control by surgery alone and the high post-operative morbidity
rate, radiosurgery may be an effective and safe modality and a
reasonable alternative to surgical resection for small- to medium-
sized schwannomas (16).

In our patient, follow-up including MRI scans 6 months after
treatment demonstrated stable tumor size with no progression on
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imaging and a reported complete cessation of (pre)syncopes with
residual infrequent (2x per week) episodes of mild nausea. The
patient could return to work by November 2022 and reported
no TLOC anymore. The frequency of her vestibular migraine
headaches decreased, and she felt healthy again and got pregnant.
Further 1 year of follow-up after stereotactic radiosurgery will
enable us to further evaluate this treatment option in this
special case.

4. Conclusion

Schwannomas arising from the vagal nerve are a rare, benign
pathology usually resulting in unspecific symptoms. Definitive
pre-operative diagnosis and hence deciding on optimal treatment
is often challenging, especially when localized in the skull
base and in the retrostyloid space. The differentiation between
a prestyloid lesion and a retrostyloid lesion thus is crucial
for differential diagnosis. Usually, surgical excision is required,
especially in cervical schwannomas, but frequently, post-operative
complications can affect patients lifelong, so surgical indications
should be based carefully on the balance between risks and benefits
(24). Primary radiosurgery may, therefore, present a valuable
alternative approach, as demonstrated in our case. Importantly, a
delay in symptoms resolving of at least 6 months must be taken
into account when selecting this treatment strategy.
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Case report: A disconjugate
pattern in video head impulse
testing hints toward a central
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When acute vertigo occurs, the challenge for the medical practitioner lies in the
focused assessment to find the cause of its symptoms. Especially in the case
of central pathology, a fast diagnosis is essential for therapy. The head impulse,
nystagmus, test of skew (HINTS) protocol and the additional video head impulse
test (VHIT) can distinguish between central and peripheral vestibular causes in
the acute setting and thus help to set the right path for further evaluation and
treatment. In this case, a patient with acute onset of vertigo presented with
an unusual pattern in the VHIT. Binocular eye tracking showed a disconjugate
horizontal vestibulo-ocular reflex (VOR) with severe loss or gain for the adducting
eye yet with a lack of corrective saccades. The abducting eye produced a
pattern of mild VOR gain loss yet with pronounced corrective saccades. Together
with clinical findings that were compatible with internuclear ophthalmoplegia,
a probable central lesion in the medial longitudinal fasciculus (MLF) region was
suspected. The patient was sent to a tertiary hospital, where the initial MRl was
negative, but due to additional neurological symptoms occurring later, multiple
lesions in the cervical spine and cerebellum were detected. The hypothesis of
an inflammatory demyelinating disease of the central nervous system (CNS)
was made. A further workup led to the final diagnosis of neurosarcoidosis. In a
retrospective neuroradiologic assessment, an alteration compatible with a non-
active demyelinating lesion in the MLF was detected on secondary imaging as a
probable cause of the initial pathophysiologic finding. In this report, we aimed
to highlight the unusual case of a disconjugate VOR as a distinctive VHIT pattern
hinting toward a central cause of acute vertigo that clinicians should be aware of.

KEYWORDS

binocular, INO, neurosarcoidosis, disconjugate, internuclear ophthalmoplegia, video
head impulse test (VHIT)

1. Introduction

The assessment of a patient with acute vertigo in order to come to appropriate
conclusions for treatment is challenging. A variety of causes can lead to dizziness and
vertigo. While peripheral-vestibular disorders account for the majority of cases (1), acute
neurologic pathologies, such as stroke, can also present with dizziness without any other
leading symptoms (2). Over the last few years, focused clinical examination guidelines were
established in order to quickly reach a conclusive diagnosis for further treatment. The
head impulse, nystagmus, test of skew (HINTS) protocol enables clinicians to distinguish
between central and peripheral disorders with high precision (3). Additionally, the video
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head impulse test (VHIT) serves as a fast tool to measure
semicircular canal function (4-6) and can therefore contribute to
the first assessment.

However, in some cases, we are unable to achieve diagnosis
in the acute setting due to challenging clinical examination when
symptoms are severe and cooperation is reduced or due to unclear
or unexpected clinical findings.

In this report, we present a case where we were challenged
by an unusual VHIT finding not yet described in a patient with
acute vertigo. A subsequent workup led to the diagnosis of a rare
neurological disease.

2. Case description

A 55-year-old patient presented with acute vertigo. He
complained about aggravated symptoms with movements of the
head and an unstable gait, as well as nausea and vomiting. Apart
from treatment for hypertension and hypercholesterinemia, the
patient was healthy.

Clinical findings were as follows: predominantly down beating
nystagmus in eccentric gaze positions, with and without fixation.

10.3389/fneur.2023.1222475

With attempted right gaze, an adduction paresis of the left eye
and an abduction nystagmus of the right eye were documented,
consistent with the clinical phenotype of left internuclear
ophthalmoplegia. With left gaze, no gaze palsy or abduction
nystagmus was seen. Vertical eye movements were normal. The test
of skew showed no ocular tilt reaction. The clinical head impulse
test was inconclusive; therefore, binocular video head impulse
testing [Synapsys VHIT Ulmer 2.0, Marseille (7)] was performed
(Figure 1).

Horizontal semicircular canal testing with binocular eye
tracking showed a reduced gain on both sides (0.65 on the right
and 0.63 on the left, normal value = >0.8) and an asymmetry ratio
of 1%.

The cumulative impulse graph on the right side was congruent
with a mild loss of horizontal semicircular canal function, showing
slightly reduced gain and both covert and overt saccades (8).
Individual gain analysis revealed a higher gain (0.67) for the left
(abducting) eye than for the right (adducting) eye (0.48), yet covert
and overt corrective saccades were detected for both eyes in a
similar pattern.

Head impulses to the left side, however, showed a disconjugate
pattern of the abducting and adducting eye. Measurement of the
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FIGURE 1

Right horizontal HIT: mild hypofunction with a reduced gain of 0.65 (normal value = >0.8) and both covert and overt saccades. Left horizontal HIT:
disconjugate pattern. Mild to moderate gain reduction of 0.61 with a robust covert saccade bundle of the right abducting eye (red). Left adducting
eye analysis (blue) shows a severe gain reduction of 0.09 yet no correction saccades.
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FIGURE 2
Three T2W hyperintense lesions in the cervical myelon

right (abducting) eye revealed a mild to moderate gain reduction
of 0.61 with a robust saccade bundle starting ~150-200 ms after
the initiation of the head impulse. Left (adducting) eye analysis
showed a severe gain reduction of 0.09 and a slight elevation of
eye velocity toward the end of the head movement, yet there were
no correction saccades following the head impulse in spite of the
severe loss of gain.

Applying the HINTS protocol to these findings, VOR gain
reduction and corrective saccades should suggest a loss of canal
function and therefore a peripheral cause, while downbeating gaze
nystagmus, as well as gaze palsy, hint toward central disorders.
The disconjugate VHIT pattern of the right and left eye could
not be attributed to a peripheral-vestibular disorder but was rather
associated with a probable central lesion in the medial longitudinal
fasciculus (MLF) region, as described in a scleral search coil study
by Aw et al. (9).

3. Diagnostic assessment, treatment,
follow-up, and outcomes

The patient was immediately admitted to the neurologic
department of a tertiary hospital for further diagnosis and

Frontiersin Neurology

treatment. An MRI of the brain showed no recent ischemic or
inflammatory lesion but some non-specific white matter lesions.
An MRI-negative stroke due to small vessel disease was suspected,
and treatment with aspirin and clopidogrel was started. A further
stroke workup showed no other etiology, and the patient was
discharged to home. A few days later, the patient was re-admitted
due to progressive dizziness and paresis of the right leg. Extended
MR imaging revealed three inflammatory lesions in the cervical
spine and a hyperintense lesion in the right cerebellar hemisphere
showing contrast enhancement (Figures 2, 3).

The cerebrospinal fluid (CSF) on the lumbar puncture showed
pleocytosis in 86 cells and slightly elevated protein and lactate
levels. There was an intrathecal IgG synthesis combined with a
systemic immune reaction. There were no signs of an infective
disease or systemic vasculitis. A chronic remitting inflammatory
demyelinating disease of the central nervous system (CNS), e.g.,
multiple sclerosis, was suspected.

The patient was treated with high-dose intravenous (IV)
prednisolone for 5 days and transferred to a rehabilitation clinic
where his condition initially improved.

Because of a prolonged stay at the rehabilitation clinic, the
follow-up examination at the tertiary hospital was several weeks
later than initially planned. The patient, then, reported progressive
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FIGURE 3
One FLAIR hyperintense lesion in the right cerebellar hemisphere
showing contrast enhancement.

weakness in the right leg and paresthesia in both legs. Clinical
examination revealed an impaired monoparesis of the right leg,
a severe disturbance of proprioception of the leg left, and a
sensitive disturbance below the eighth thoracic vertebra (T8)
on both sides due to new inflammatory lesions in the cervical
and thoracic spinal cord. CSF puncture revealed a mononuclear
pleocytosis of 62 cells and elevated protein levels. The aquaporin
and myelin oligodendrocyte glycoprotein (MOG) antibodies in
serum and CSF were negative. There were also no clinical or
laboratory signs of an underlying systemic disease such as systemic
lupus erythematosus (SLE) or any systemic vasculitis. The sIL2
receptor in the CSF was elevated (365.1). Together with the
intrathecal IgG synthesis, combined with signs of a systemic
immune reaction and pleocytosis > 50, without evidence for any
infective or any other autoimmune disease, this indicated the
diagnosis of neurosarcoidosis.

The patient was again treated with high-dose IV prednisolone
followed by oral tapering and rituximab (initially 2 x 1,000 mg). He
continued to receive this treatment every 6 months with 1,000 mg.
Since then, his medical condition has been stable without any
evidence of disease activity or affection of the lung.

4. Discussion

To the best of our knowledge, this is the first description of a
VHIT finding with disconjugate horizontal VOR in patients with
acute vertigo. We report this case to highlight the correlation
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between the clinical finding of acute INO and a distinctive,
disconjugate VHIT pattern. It reveals severe VOR gain reduction
yet missing corrective saccades in the head impulse analysis of the
adducting eye, whereas the results for the abducting eye display a
pattern consistent with mild semicircular canal hypofunction and
corrective saccades.

Disconjugate VOR deficits have been shown in multiple
sclerosis patients with internuclear ophthalmoplegia (INO) by Aw
et al. (9) using the binocular scleral search coil technique. In this
study, the same distinctive pattern of VOR disconjugacy was found
for both unilateral and bilateral INO. The adducting eye revealed
a more severe loss of VOR, but no corrective saccades, whereas
the abducting eye had larger VOR gains and corrective saccades.
Since the same pattern was found in our case, a central-vestibular
disorder was suspected and ultimately diagnosed in the form of
a chronic remitting inflammatory demyelinating disease. We can,
therefore, confirm a disconjugate VOR deficit originating from a
CNS disease by using the binocular VHIT technique. Recently,
Grove et al. were able to show that multiple sclerosis (MS) patients
with low VOR gain have reduced or absent compensatory saccades
(CSs) (10, 11). They further postulated that the lack of CS in
correlation with reduced VOR in VHIT may be pathognomonic
for INO. Using binocular VHIT assessment, we were able to specify
this pattern to the adducting eye in INO. Together with the higher
gain of the abducting eye in combination with present CS, we argue
that this pattern could be a pathognomonic (binocular) VHIT sign
for INO.

Another study using monocular VHIT on patients with INO
found a deficit of the contralateral posterior canal (12). Since only
one eye was tracked, this finding is of importance for clinicians
using monocular VHIT systems. However, we argue that by using
monocular VHIT equipment, VOR disconjugacy in correlation
with clinical INO would have been missed, and therefore, the
diagnosis could not have been made.

The MRI following the first and second assessments revealed
remitting inflammatory lesions in the spinal cord and the
cerebellum, with additional neurological workup finally leading
to the diagnosis of neurosarcoidosis. With the initial clinical
findings described above, we suspected a lesion in the medial
longitudinal fasciculus (MLF). However, primary imaging did not
reveal pathology in this region. In a retrospective neuroradiological
assessment, we were able to discover a small lesion in probable
correlation with the patient’s neurologic visual disorder in the
secondary MRI imaging. At the level of the inferior colliculi,
the MLF showed an enhanced signal in the FLAIR protocol
(Figure 4).

The small finding had no correlation in the diffusion-weighted
sequences and no enhancement with contrast agents. Nevertheless,
it is compatible with a non-active demyelinating lesion that could
have caused the initial pathophysiological alteration. Why this MLF
lesion was not detected at the time of primary imaging remains
unclear. An explanation could be the short-time interval between
the onset of the clinical finding and the first MRI. Small lesions
are known to be missed in acute dizzy patients (3, 13). Inadequate
slice thickness could have also led to a missed lesion in the
MLF region.
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Colliculus inferior
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FIGURE 4

Retrospective imaging analysis: MLF shows an enhanced signal in
the FLAIR protocol at the level of the inferior colliculi, compatible
with a non-active demyelinating lesion. No correlation in the
diffusion-weighted sequences and no enhancement with contrast
agents were found retrospectively.

5. Patient perspective

In conclusion, our case supports the use of VHIT assessment
in patients with acute dizziness or vertigo. By using bilateral eye
tracking, ocular disconjugate VOR deficits can be revealed, leading
to an accelerated and focused investigation of central pathologies.
In this case, we report a distinctive VHIT pattern in correlation
with the clinical finding of acute internuclear ophthalmoplegia.
In the case of this patient, the origin of the pathological finding
was only discovered in the further course of the disease. With our
report, we hope to facilitate vestibular assessment for clinicians
dealing with similar cases with a specific diagnostic feature. This
might be especially helpful in patients with clinically occult INO or
reduced cooperation. Further reports of acute cases with analogical
binocular VHIT findings may support our hypothesis. Since new
VHIT studies using binocular eye tracking emerge (14) and novel
devices enter the VHIT market, we are confident that our findings
will be of value in future diagnostics. We, therefore, encourage
and recommend the use of VHIT in the emergency setting, while
highlighting a distinctive finding that clinicians should be aware of.
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	Case report: Concurrent intravestibular schwannoma mimicking Ménière's disease and cochlear hydrops detected via delayed three-dimensional fluid-attenuated inversion recovery magnetic resonance imaging
	Introduction
	Case report
	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	References

	Molecular etiology study of hearing loss in 13 Chinese Han families
	Introduction
	Subjects and methods
	Subjects collection and audiological evaluations
	Targeted NGS
	Whole exome sequencing
	SNP arrays
	Multiplex ligation-dependent probe amplification

	Results
	Clinical manifestations
	Genetic findings

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	Supplementary material
	References

	Case report: Spiller syndrome initially mimicking vestibular neuritis
	1. Introduction
	2. Case description
	3. Discussion
	4. Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Conflict of interest
	Publisher's note
	Supplementary material
	References

	Triggered episodic vestibular syndrome and transient loss of consciousness due to a retrostyloidal vagal schwannoma: a case report
	1. Introduction
	2. Case description
	3. Discussion
	3.1. Treatment options for vagal schwannoma

	4. Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Conflict of interest
	Publisher's note
	References

	Case report: A disconjugate pattern in video head impulse testing hints toward a central cause of acute vertigo
	1. Introduction
	2. Case description
	3. Diagnostic assessment, treatment, follow-up, and outcomes
	4. Discussion
	5. Patient perspective
	Data availability statement
	Ethics statement
	Author contributions
	Conflict of interest
	Publisher's note
	References

	Back cover




