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• Canalolithiasis: otoconia are free to float back and forth along the canal
→ paroxysmal direction-changing nystagmus

BPPV: possible scenarios



• Cupulolithiasis: otoconia adhere to the cupula overloading the cupula
itself → persistent direction-changing nystagmus with a neutral point

BPPV: possible scenarios



• Canalith jam:

• Complete: an otolith clot entirely plugs the canal lumen →

spontaneous nystagmus that can be modulated by gravity

BPPV: possible scenarios



• Canalith jam:

• Incomplete: otoliths are partially entrapped in the canal lumen generating
a positional jam → persistent direction-fixed positional nystagmus

BPPV: possible scenarios



• Pathomechanism: otoliths migration from a wider to a narrower segment of the canal
o at the outlet of the ampulla
o at the bifurcation of the common crus
o between the ampulla wall and a deflected cupula not allowing to return to its neutral position

• It should be suspected when sudden conversion from a transient positional nystagmus to a persistent
form which is thereafter unaffected by change of head position

• It usually occurs as a complication of CRM, in the presence of 3 signs which suggest many free particles:
o provocation of vertigo by minimal change of position
o severe positional nystagmus of long duration (over 12 seconds)
o involvement of more than one canal

BPPV: canalith jam



• Patients with refractory BPPV submitted to surgical
plug of the PSC

o Scanning electron microscope: otoconia and otolithic
membrane fragments partially embedded in a gel
matrix rather than free-floating otoconia

o Complete or incomplete occlusion of the canal due
to otoconial matter does not seem to be so unlikely

BPPV: canalith jam



• «Filling defects» within semicircular
canals on 3D HR MRI in patients with
atypical or refractory BPPV

BPPV: canalith jam



➢ Another case of HSC jam complicating wrong CRM for geotropic HSC-BPPV
• «Irritative» spontaneous nystagmus due to continuous positive

ampullopetal pressure exerted by the otolith clot
• Normal HIT
• Reversible CP after CRM

➢ 1° case of  HSC jam complicating CRM for HSC-BPPV
• “Paretic” spontaneous nystagmus due to a continuous negative

ampullofugal pressure exerted by the otoliths clot
• positive bedside horizontal HIT and reversible after CRM

BPPV: canalith jam



BPPV: canalith jam

• 1° case of  HSC jam were the diagnosis was based on
the vHIT

• vHIT exhibited a selective high-frequency VOR
impairment for the affected canal reversible after
CRM



• High frequency sampling camera (100 - 250 frames/sec) with
sensitivity overlapping Scleral Search Coil (gold standard)

• Precise measure of the VOR-gain (eye/head velocity ratio) of each of
the 6 canals

• Target: (Type I hair cells, phasic irregular afferents)

video HIT



video HIT

• If the “canalith jam” is assumed to alter endolymphatic flows leading to persistent deflections of the
cupula of the affected canal

• If vHIT can precisely measure high-frequency responses of ampullary afferents for each single canal

• It could potentially provide useful clues to detect the involved canal in case of canalith jam

• In case of atypical spontaneous/positional nystagmus, it could probably contribute in the precise
distinction among peripheral and central disorders



BPPV: canalith jam



• CASE 1

o 74-year-old woman

o Abrupt onset of acute vertigo with nausea
and vomiting since one day prior to
presentation

o Neither auditory symptoms nor previous
vestibular symptoms

o Brain CT scan: negative

o Neurological examination: unremarkable

o Bedside HIT: positive on the right side
with re-fixation saccades

→ Diagnosis of right AVL

HSC canalith jam



o Caloric Test: severe right 
canal paresis (UW 95%)

o Pure Tone Audiometry: mild and symmetrical HF-
SNHL consistent with the patient's age

• INSTRUMENTAL WORK-UP IN ACUTE STAGE

HSC canalith jam

cVEMPs

oVEMPs
o cVEMPs:

symmetrical
amplitudes (AR
10%, R = L)

o oVEMPs:
symmetrical
amplitudes (AR
12%, R = L)



o Video HIT: Selective right HSC hypofunction (gain
0.59)

?

HSC canalith jam

• INSTRUMENTAL WORK-UP IN ACUTE STAGE

• HYPOTHETICAL PATHOMECHANISM
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o Selective neuritis
involving right HSC
ampullary nerve?

o Selective ischemia of
the arterial terminal
branch supplying right
HSC?

✓
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o Right HSC pseudo-hyporeflexia due to a spontaneous
canalith jam inducing a selective plug of the canal
lumen

o An otoliths clot entrapped within the membranous duct
could likely exert a continuous negative pressure on the
cupula, leading to a persistent ampullofugal deflection
of the cupula, preventing dynamic responses of the
right HSC by blocking endolymphatic flow.

RIGHT HSC

canalith jam

o This condition could likely result in:

o Paretic spontaneous nystagmus regardless of head position
o HSC VOR gain impairment for both low- (caloric) and high-frequency (video HIT) 

domains

• HYPOTHETICAL PATHOMECHANISM

HSC canalith jam



• Video-Frenzel examination (2 days later)

o After repeated head shakings, the supine roll test
elicited bilaterally a positional paroxysmal
direction-changing geotropic horizontal
nystagmus (R > L) suggesting a BPPV
involving the non-ampullary arm of the right
HSC

o Otoconia likely fell in the non-ampullary arm of
the right HSC

HSC canalith jam

• TRATMENT AND FOLLOW-UP

o The patient was then submitted to CRM for HSC-BPPV (Gufoni) and was
instructed to lay with the head on the healthy side for two days

o When the patient returned 2 days later, her symptoms had subsided free floating 
debris



HSC canalith jam

o Caloric test: complete recovery of 
the right canal paresis (UW 18%)

o Video HIT: functional recovery of the 
right HSC (gain 0.96)

• INSTRUMENTAL WORK-UP AFTER CRM (2 days later)



HSC canalith jam

• CASE 2

o 49-year-old man
o Onset of acute vertigo in the

morning
o Recent history consistent with

positional vertio
o Neither auditory symptoms

nor previous vestibular
symptoms

o Brain CT scan: negative
o Neurological examination:

unremarkable

o h-Bedside HIT: positive on the
right with re-fixation saccades



HSC canalith jam

cVEMPs

oVEMPs
Video HIT: Selective right HSC hypofunction (gain 0.33)



HSC canalith jam

• HYPOTHETICAL PATHOMECHANISM • Video-Frenzel examination (after head shakings)

RIGHT HSC
canalith jam

free floating 
debris



HSC canalith jam

• INSTRUMENTAL WORK-UP FOLLOWING 
CRM for HSC-BPPV

o Video HIT: normalization of right
HSC VOR-gain (gain 1.1)



• CASE 3

o 47-year-old woman
o Abrupt onset of acute vertigo

with nausea and vomiting
o Neither auditory symptoms nor

previous vestibular symptoms
o No migraine
o Brain CT scan: negative
o Neurological examination:

unremarkable

o h-Bedside HIT: positive on the
left with re-fixation saccades

HSC canalith jam



• INSTRUMENTAL WORK-UP IN ACUTE STAGE

o cVEMPs: symmetrical amplitudes
o oVEMPs: symmetrical amplitudes

o Video HIT: Selective left HSC
hypofunction (gain 0.59)

cVEMPs

oVEMPs

HSC canalith jam



canalith jam

• HYPOTHETICAL PATHOMECHANISM

HSC canalith jam

free floating 
debris

• Video-Frenzel examination (after 48 hours)



HSC canalith jam

• INSTRUMENTAL WORK-UP FOLLOWING 
CRM for HSC-BPPV

o Video HIT: normalization of left
HSC VOR-gain (gain 0.92)



• CASE 1

o 41-year-old woman

o positional vertigo without headache or auditory
symptoms

o initially seen in the ED → diagnosis of right PSC-
BPPV

o brain CT scan normal

o 3 days of self-administered physical therapy at
home led to worsening of symptoms with the
onset of disabling dizziness

PSC canalith jam

→ Central DBN? Peripheral DBN?



• INSTRUMENTAL WORK-UP

o cVEMPs: symmetrical amplitudes
o oVEMPs: symmetrical amplitudes

AC cVEMPs

AC oVEMPs

o Video HIT: Selective right PSC
hypofunction (gain 0.53)

PSC canalith jam



• HYPOTHETICAL PATHOMECHANISM

• This condition could likely result in:
o Spontaneous downbeat/left-torsional

nystagmus regardless of head position
o PSC VOR deficit for both low- (?) and

high-frequency (vHIT) domains

o Right PSC pseudo-hyporeflexia induced by a canalith jam
resulting in a selective and complete canal deficit.

o An otolith clot completely entrapped within the
membranous duct could likely exert a continuous positive
pressure on the cupula, resulting a persistent
utricolopetal (inhibitory) deflection, preventing right PSC
dynamics by blocking endolymphatic flows and
ampullary responses

PSC canalith jam



• Video-Frenzel evaluation

o Demi Semont maneuvers and resolution of
nystagmus following CRM

o Video HIT: normalization of
PSC VOR-gain (gain 0.77)

• INSTRUMENTAL WORK-UP FOLLOWING CRM

PSC canalith jam



PSC canalith jam

• CASE 2

o 69-year-old woman

o Acute onset of unsteadiness
without headache or auditory
symptoms

o brain CT scan normal

o Arterial hypertension, dislipidemia



PSC canalith jam

o Video HIT: Selective right PSC hypofunction
(gain 0.36)

o Bedside HIT



PSC canalith jam

o 1 week later



o Video HIT: functional restoration of the right
PSC (gain 0.88)

PSC canalith jam

• HYPOTHETICAL PATHOMECHANISM



PSC canalith jam

• CASE 3

o 42-year-old man

o Recent onset of positional
vertigo

o No headache

o No auditory symptoms



• INSTRUMENTAL WORK-UP

o Video HIT: Selective right PSC
hypofunction (gain 0.56)

PSC canalith jam

cVEMPs

oVEMPs



PSC canalith jam

o 1 week later following 
CRM for refractory PSC-
BPPV



PSC canalith jam

• INSTRUMENTAL WORK-UP FOLLOWING 
CRM for refractory PSC-BPPV

o Video HIT: normalization of left
HSC VOR-gain (gain 0.76)



• CASE 1

o 56-year-old woman

o Recently received repeated CRM for refractory
left PSC-BPPV

o Symptoms progressively turned into
continuous unsteadiness.

o Neither concurrent auditory symptoms, nor
migraine

o Neurological evaluation and brain MRI: no CNS
sings

o Audiometry: slight bilateral HFSNHL (L > R)

ASC canalith jam

→ Central UBN? Peripheral UBN?



• INSTRUMENTAL WORK-UP

o cVEMPs: amplitudes R > L (within normal AR: 25%)
o oVEMPs: amplitudes R > L (within normal AR: 19%)

AC cVEMPs

AC oVEMPs

o Video HIT: Selective left ASC hypofunction
(gain 0.46)

ASC canalith jam



▼

R L
▼

R L
▼

R L

L

R

o HRCT scans: no signs of SCD on the left

• IMAGING

→ Possible canalith 
jam of the left ASC?

ASC canalith jam



• Video-Frenzel evaluation after Brandt-Daroff
exercises → conversion in typical left PSC-BPPV

• Video HIT: Normalization of left ASC VOR-gain
(gain 0.72)

o Left ASC pseudo-
hyporeflexia due to a
canalith jam inducing a
selective plug of the
canal lumen and a
continuous positive
(inhibitory) pressure on
the cupula

• HYPOTHETICAL PATHOMECHANISM

ASC canalith jam



• BPPV involving either the ASC or the non-ampullary arm of the PSC lead to positional downbeat
nystagmus (pDBN)

• In some cases, pDBN could not have a clear torsional component and could exhibit a persistent
course, mimicking central pDBN

• Differential diagnosis could be challenging:
o Central vs peripheral pDBN
o among peripheral forms, apogeotropic PSC–BPPV vs contralateral ASC-BPPV

• pDBN due to inhibition of PSC is hardly distinguishable from pDBN due to excitation of contralateral
ASC as nystagmus is generated from the contraction of the same paired ocular muscles

VS

?

Incomplete canalith jam



➢ Left ASC-BPPV

• Otoconia shift towards the common crus
• Ampullofugal deflection (excitation) of ASC cupula
• pDBN with variable left-torsional component

➢ Right apogeotropic PSC-BPPV

• Otoconia shift towards the ampullary arm
• Ampullopetal deflection (inhibition) of PSC cupula
• pDBN with variable left-torsional component

L

R

BPPV with pDBN



BPPV with pDBN



BPPV with pDBN



• An “incomplete canalith jam” (also called “positional jam” or
“transient jam”) has been hypothesized

• If vHIT can precisely measure high-frequency responses of ampullary afferents for each single
canal

o vHIT could provide useful clues to detect the involved canal in BPPV with pDBN (non-ampullary
arm PSC vs ASC)

o It could potentially provide a precise distinction between peripheral and central pDBN

BPPV with pDBN



• In patients with typical PSC-BPPV, affected
canal VOR gain is rarely impaired

o No significant alterations for the PSC involved at
the vHIT in most cases as free-floating particles
do not alter high-frequency responses

vHIT and typical (ampullary arm) PSC BPPV



vHIT and BPPV with pDBN

• As already theorized, this condition could likely result in an incomplete canalith jam (positional jam) 
behaving as a ‘‘low-pass filter’’:

o allowing the cupula to be activated by low frequency stimuli (otoconial shifts)
o impeding the ampullary receptor to respond to high-frequency inputs (head impulses)



→ Central pDBN?

→ Peripheral pDBN?

VS

?

Right ASC- BPPV Left apogeotropic PSC-BPPV

• Video-Frenzel evaluation
o persistent pDBN with slight right torsional components

vHIT and BPPV with pDBN



• INSTRUMENTAL ASSESSMENT

o AC cVEMPs: symmetrical amplitudes
o AC oVEMPs: symmetrical amplitudes

AC cVEMPs

AC oVEMPs

vHIT and BPPV with pDBN

o Video HIT: Selective left PSC
hypofunction (gain 0.64)



• INSTRUMENTAL ASSESSMENT after conversion in
paroxysmal positional upbeat/left torsional nystagmus
during reversed Epley’s CRM due to involvement of left
PSC ampullary arm

• Video HIT: Normalization of left PSC
VOR-gain (gain 0.97)

vHIT and BPPV with pDBN



• Video-Frenzel evaluation
o persistent pDBN with slight left-torsional

components

vHIT and BPPV with pDBN

→ Central pDBN?

→ Peripheral pDBN?

VS

?

Right apogeotropic PSC- BPPV Left ASC-BPPV



AC
cVEMPs

AC
oVEMPs

• INSTRUMENTAL ASSESSMENT

o AC cVEMPs: symmetrical amplitudes and thresholds
o AC oVEMPs: symmetrical amplitudes and thresholds

vHIT and BPPV with pDBN

• Video HIT: selective left ASC loss
(VOR-gain 0.57)



• INSTRUMENTAL ASSESSMENT after CRM (Yacovino)

o Video HIT: normalization of left ASC VOR-gain (gain 0.89)

vHIT and BPPV with pDBN



• 12 patients with ASC-BPPV
o All exhibited pDBN with torsional component in

provoking positions
o The mean VOR-gain was within normal limits

for the 6 semicircular canal including the
involved ASC

o In each case nystagmus exhibited a
crescendo-decrescendo pattern

o mean duration of nystagmus: 51 ± 28 s

vHIT and BPPV with pDBN



• 59 patients with peripheral pDBN submitted
to vHIT before and after CRM resulting
either in symptoms receding or
transformation in a typical BPPV variant.

o Apogeotropic PSC-BPPV: 46 cases (78%)
o ASC-BPPV: 7 cases (11.9%)
o Unidentified canal: 6 cases (10.1%)

vHIT and BPPV with pDBN

• In most cases nystagmus was persistent
(> 2 min) with a significant prevalence
among apogeotropic PSC-BPPV



• VOR-gain of the affected canal was impaired in 43/59 cases
(vHIT sensitivity: 72.9%)

• Considering only patients with persistent pDBN, VOR-gain
of the affected canal was impaired in 39/44 cases (vHIT
sensitivity: 88.6%)

• Considering patients with paroxysmal pDBN (vHIT
sensitivity: 26.7%)

• VOR-gain of the affected canal was
significantly more impaired in case with
persistent pDBN compared to paroxysmal
pDBN

• VOR-gain of the affected canal was significantly more impaired in cases
of spontaneous DBN where it is possible to assume a complete canalith
jam entirely plugging the canal lumen

vHIT and BPPV with pDBN



• Presenting impaired VOR-gain values for the affected canal normalized after symptoms receding or
conversion into a typical BPPV-form, confirming a strong relationship between lithiasis and altered
cupular dynamics.

vHIT and BPPV with pDBN



• Also VOR-gain values for the contralateral vertical canal functionally coupled with the involved canal
significantly improve after CRM, despite presenting VOR-gain was within normal ranges.
o peripheral phenomena (functional loss of the “push-pull” mechanism) → could likely explain this

phenomena among cases with recent onset of BPPV
o central compensation (cerebellar “shut-down”) → may likely explain reduced VOR-gain values in

those patients with long-lasting symptoms

vHIT and BPPV with pDBN



• 54-year-old female

• Recurrence of positional vertigo with nausea,
progressively turned in chronic
disequilibrium

• Arterial hypertension

• Menopause for 3 years

• Not-disabling pulsatile tinnitus on the right
side

• History of recurrent BPPV treated elsewhere

• Bedside oculomotor test: negative

• Neurologic evaluation: negative

VOR fluctuations in BPPV



• Video HIT: selective right PSC loss (gain 0.62)

o We assumed that debris were partially entrapped in the non-ampullary arm of the right PSC resulting in
persistent pDBN and slight high-frequency VOR impairment

VOR fluctuations in BPPV



• Video-Frenzel evaluation → Demi Semont maneuver

VOR fluctuations in BPPV



• Video-Frenzel evaluation → Demi Semont maneuver

• Video-Frenzel evaluation at 3 days: persistence of
symptoms

VOR fluctuations in BPPV



o Video HIT: normalization of right PSC VOR gain (gain 0.8)

• Conversion in typical geotropic PSC-BPPV

o Debris were free to move back and forth along the ampullary arm of the canal without impacting on
high-frequency VOR dynamics

VOR fluctuations in BPPV



• Video-Frenzel evaluation 5 days later: severe worsening of symptoms with the onset of disabling dizziness

VOR fluctuations in BPPV



o Video HIT: new severe impairment of PSC VOR gain (gain 0.35)

• PSC canalith jam

o Debris failed to return to the utricle and were completely blocked within a narrow portion of PSC non-
ampullary arm plugging the canal → severely impairing VOR dynamics by exerting a continuous
positive pressure on the cupula

VOR fluctuations in BPPV



• Video-Frenzel evaluation → Demi Semont maneuver

VOR fluctuations in BPPV



• Video-Frenzel evaluation 4 days later: symptoms resolution

VOR fluctuations in BPPV



o Video HIT: normalization of PSC VOR gain (gain 0.88)

• Debris are back to the utricle

o Debris were finally back to the utricle after CRM, VOR dynamics are newly restored

VOR fluctuations in BPPV



vHIT and BPPV with spontaneous reversal ny

• HISTORY

o 57-year-old female

o Multiple Sclerosis in follow up since 15
years

o Recurrent PSC - BPPV

o Recurrence of positional vertigo since
few weeks

o No auditory symptoms

o MRI: posterior fossa free from MS
lesions

o Bedside oculomotor test: negative



vHIT and BPPV with spontaneous reversal ny

• Video HIT: normal right PSC VOR gain (gain 0.74)

o debris are free to move back and forth along the ampullary arm of the right PSC, without impacting on
high-frequency VOR dynamics



vHIT and BPPV with spontaneous reversal ny

o debris are free to move back and forth along the ampullary arm of the right PSC, without impacting on
high-frequency VOR dynamics

o free-floating debris in the ampullary arm of the canal move away from the ampulla, resulting in transient
excitation of the PSC afferents and in paroxysmal upbeat/right-torsional nystagmus



vHIT and BPPV with spontaneous reversal ny

• Evaluation after 5 days: persistence of symptoms

o First: transient excitation of the PSC afferents with paroxysmal upbeat/right-torsional nystagmus
o Then: spontaneous reversal nystagmus with persistent positional DBN and left-torsional components

• Video HIT: reduced PSC VOR gain (gain 0.68)



vHIT and BPPV with spontaneous reversal ny

o 2 separate groups of otoconia:
o ampullary arm: debris are free to move back and forth along the ampullary arm of the canal,

without impacting on high-frequency VOR dynamics
o non-ampullary arm: debris were partially entrapped in the non-ampullary arm of the right PSC

resulting in slight high-frequency VOR impairment



o In provoking position:
o First, free-floating debris in the ampullary arm of the canal move away from the ampulla, resulting in

transient excitation of the PSC afferents and in paroxysmal upbeat/right-torsional nystagmus

vHIT and BPPV with spontaneous reversal ny



o In provoking position:
o First, free-floating debris in the ampullary arm of the canal move away from the ampulla, resulting in

transient excitation of the PSC afferents and in paroxysmal upbeat/right-torsional nystagmus
o Then, partially entrapped debris in the non-ampullary arm of the canal move toward the ampulla and

block the PSC lumen resulting in an incomplete/positional canalith jam and in persistent
positional DBN with left-torsional components

o Result: spontaneous reversal of positional nystagmus

vHIT and BPPV with spontaneous reversal ny



vHIT and BPPV with spontaneous reversal ny

• Re-evaluation after 3 days
• Video HIT: normalization of PSC VOR gain

(gain 0.83)

o Horizontal paroxysmal direction-changing geotropic nystagmus on supine head roll maneuver
o free-floating debris in the non-ampullary arm of the right HSC move away from the ampulla, resulting in

transient avtivation of the HSC afferents and in paroxysmal geotropic nystagmus



o Canalith switch from right PSC to non-ampullary arm of the right HSC
o Debris are free to move back and forth along the non-ampullary arm of the canal, without impacting on

high-frequency VOR dynamics

vHIT and BPPV with spontaneous reversal ny



1 eye 
movements

affected canal 
VOR-gain on 

vHIT

proposed 
pathomechanism

endolymphatic flows

low frequency high frequency

canalolithiasis 

transient 
paroxysmal 

nystagmus in 
positioning test, 
reversing with 

gravity

generally normal

free-floating debris 
moving back and forth 

within the 
membranous canal

preserved as debris are free 
to move in both directions 

along the membranous 
canal

preserved as debris neither 
aggregate nor occlude the 
membranous canal, thus 

they do not alter ampullary 
responses

Conclusions



2 eye 
movements

affected canal 
VOR-gain on 

vHIT

proposed 
pathomechanism

endolymphatic flows

low frequency high frequency

incomplete (or 
“transient” or 

“positional”) 

canalith jam  

persistent pDBN
in both Dix 

Hallpike test and 
in SHHP, rarely 
reversing while 

upright

slightly reduced

debris are partially 
entrapped in a narrow 

tract of the 
membranous canal, 
partially plugging the 

canal lumen

likely preserved as  debris, 
even if partly blocked, are 

allowed to slowly shift 
towards the cupula or in 
opposite direction in Dix 
Hallpike test or in SHHP

reduced as debris likely 
impede high-frequency 

flows dampening responses 
to head impulses (behaving 

as a ”low-pass filter”)

Conclusions



3 eye 
movements

affected canal 
VOR-gain on 

vHIT

proposed 
pathomechanism

endolymphatic flows

low frequency high frequency

complete 
canalith jam

spontaneous 
nystagmus, 

slightly 
increasing in 

positioning tests

markedly 
reduced

an otolith clot is 
completely entrapped 
within a narrow tract 
of the membranous 

canal, entirely 
plugging the canal 

lumen

prevented due to the 
continuous endolymphatic 

pressure generated, leading 
to a constant cupular 

deflection

prevented due to the 
continuous endolymphatic 

pressure generated, leading 
to a constant cupular 

deflection

Conclusions



Thank you
andrea.castellucci@ausl.re.it

andrea.castellucci82@gmail.com
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