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Introduction

Benign paroxysmal positional vertigo (BPPV) is consid-
ered the most common vestibular disorder. The most reliable 
pathophysiological mechanism explaining BPPV is otoconial 
displacement from the utricular macula to semicircular canals 

(SCs). Debris either free-floating in the canal lumen (canalo-
lithiasis) or adhering to the cupola (cupololithiasis) enables 
the involved canal to become sensitive to gravity, resulting in 
positional nystagmus and vertigo spells triggered by head po-
sitionings. Positional nystagmus is typically transitory and ro-
tates around an axis perpendicular to the plane of the affected 
SC, which can be identified analysing directions of vertical, 
horizontal and torsional components in relation to head posi-
tionings [1]. 

BPPV can affect one or multiple SCs, either unilaterally or 
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Spontaneous canalith jam is an uncommon form of benign paroxysmal positional vertigo 
mimicking acute vestibular neuritis. We described for the first time a spontaneous horizontal 
semicircular canalith jam associated with a typical canalolithiasis involving contralateral pos-
terior semicircular canal (PSC), illustrating how the latter condition modified direction-fixed 
nystagmus during head movements. An 81-year-old woman with persistent vertigo referred 
to our center. Video-Frenzel examination showed horizontal direction-fixed right-beating 
nystagmus in primary gaze position, inhibited by visual fixation. She exhibited corrective 
saccades after leftward head impulses. Chin-to-chest positioning at the head-pitch test did 
not modify spontaneous nystagmus, whereas slight torsional components with the top pole 
of the eye beating toward the right ear appeared in backward head-bending, resulting in 
mixed horizontal-torsional nystagmus. At supine positioning tests, direction-fixed nystagmus 
turned into direction-changing geotropic horizontal nystagmus, which was stronger on the 
left side, while overlapping upbeat nystagmus with torsional right-beating components ap-
peared on the right. Primary clinical findings were consistent with a left horizontal semicircu-
lar canalith jam, inducing a persistent utriculofugal cupular displacement, combined with a 
typical right-sided PSC-canalolithiasis. Once canalith jam crumbled, resulting in a non-am-
pullary arm canalolithiasis of the horizontal semicircular canal, both involved canals were 
freed by debris with appropriate repositioning procedures.
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bilaterally. Most cases arise from posterior SC (PSC), less 
commonly from horizontal SC (HSC), while rarely from an-
terior SC (ASC) [1]. Although simultaneous involvement of 
multiple SCs represents an uncommon event, it is not excep-
tional, accounting for 6-20% of all BPPV, mainly after head 
trauma [1,2].

Canalith jam represents an uncommon subtype of BPPV 
in which canaliths are thought to aggregate plugging the ca-
nal lumen. In this condition, entrapped otoliths are assumed 
to exert either negative or positive pressure on the cupula, pre-
venting dynamic responses of the affected SC by blocking en-
dolymphatic flows, thus resulting in a persistent direction-fixed 
nystagmus regardless of head positions [3-7]. Canalith jam can 
occur either spontaneously or as a complication of canalith re-
positioning maneuvers (CRM) [3-7].

We described a challenging presentation for multicanal 
BPPV, as the patient herein reported presented with a sponta-
neous canalith jam involving left HSC combined with simul-
taneous right PSC-BPPV that modified direction-fixed nystag-
mus during head positionings. To the best of our knowledge, 
this is the first report showing a canalith jam associated with 
a typical canalolithiasis on the contralateral side.

Case Report

An 81-year-old woman presented with vertigo and nausea 
arisen upon awaking about five days earlier and exacerbated 
by head movements. She denied concurrent auditory symp-
toms. She also excluded recent vestibular symptoms and head 
trauma.

She exhibited spontaneous right-beating nystagmus, which 
followed Alexander’s law and inhibited by visual fixation. 
Bedside head impulse test (HIT) on the horizontal plane clear-
ly showed refixation saccades after leftward impulses. 

Bedside examination with a left eye-mounted monocular 
video-Frenzel goggle confirmed purely horizontal right-beat-
ing nystagmus with the patient in primary gaze position (Fig. 
1A). The “head pitch test” (HPT, also called “bow and lean 
test”) was performed to investigate possible modifications of 
nystagmus with head position changes. Spontaneous nystag-
mus was not modified by chin-to-chest positioning (Fig. 1B), 
while slight torsional right-beating components progressively 
appeared after 30°-backward head-bending, resulting in mixed 
horizontal-torsional right-beating nystagmus (Fig. 1C). Tor-
sional components receded once the head returned in prima-
ry position. These findings recurred each time the head was 
bent backward (Supplementary Video 1 in the online-only 
Data Supplement). Even though HPT was repeated several 
times few minutes later, it always showed the same signs. Nys-

tagmus direction did not change even after mild head-shakings 
in upright position. 

Mixed upbeating nystagmus with torsional right-beating 
components appeared even bringing the patient from the sit-
ting to the supine position [“seated-supine positioning test 
(SSPT)”] (Fig. 2A). Surprisingly, it changed into long-lasting 
paroxysmal geotropic horizontal nystagmus by turning the 
patient’s head towards the left side at the “supine head roll 
test” (SHRT, also called “supine head yaw test”) (Fig. 2B). The 
patient’s head was then turned contralaterally, eliciting weaker 
horizontal paroxysmal geotropic nystagmus compared to the 
left side. Few seconds later, upbeating paroxysmal nystag-
mus with torsional right-beating components overlapped and 
replaced horizontal nystagmus (Fig. 2C) (Supplementary 
Video 2 in the online-only Data Supplement).

These findings suggested a primary left HSC-canalith jam, 
which then crumbled transforming into HSC-canalolithiasis, 
combined with simultaneous right PSC-canalolithiasis. 

Left HSC was freed with CRM according to Gufoni [8]. 
Then, right-sided PSC-BPPV was verified with Dix-Hallpike 
maneuver and Epley’s CRM was performed (Supplementary 
Video 3 in the online-only Data Supplement). Ten minutes 
later, positioning tests were repeated, proving that the posi-
tional vertigo and nystagmus was disappeared after Gufoni 
maneuver and Epley maneuver for the left HSC-BPPV cana-
lithiasis and right PSC canalithiasis, respectively. Finally, 
neither spontaneous/positional nystagmus nor corrective sac-
cades after bedside HIT could be observed when the patient 
was re-examined two days later, accounting for a complete 
symptoms receding. The patient expressed her consent to the 
recording and publication of the videos.

Discussion

In BPPV, vertigo spells are triggered by head position chang-
es resulting in positional nystagmus. Oculomotor patterns de-
pend on both the affected SC and the position of otoconia in 
the canal lumen. 

Diagnostic approach for BPPV is based on the interpreta-
tion of nystagmus according to head positionings. Diagnostic 
tests in both upright and supine positions include head rota-
tions along the planes of the canals, aiming to achieve the most 
proper stimulation for two paired SCs. In fact, as each stimu-
lus generating a cupular deflection results in the contraction of 
coupled ocular muscles, both excitatory and inhibitory stimuli 
for each SC ampullary receptor result in pathognomonic nystag-
mus patterns [1]. For example, Dix-Hallpike maneuver on the 
right side mainly assesses both right PSC and left ASC; there-
fore, positional nystagmus resulting from right PSC-canaloli-
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Fig. 1. Schematic representation for the assumed otoliths position within both labyrinths and for resulting nystagmus according to head 
position changes with the patient upright. Membranous labyrinths (sacculus and cochlea were excluded for simplification) are repre-
sented along the sagittal (pitch) plane to show otoliths behavior depending on head movements, thus explaining the proposed mecha-
nism for resulting nystagmus. Debris settling within right and left labyrinths are represented in red and blue, respectively. Nystagmus 
features (fast phase) resulting from right and left endolymphatic flows are represented with red and blue arrows, respectively. The size 
of arrows directly correlates with nystagmus amplitude. (A) Purely horizontal spontaneous right-beating nystagmus (blue arrow) in pri-
mary gaze position was likely generated by a persistent utriculofugal displacement of left HSC cupula due to a continuous negative 
pressure (blue dashed arrow) between the otoliths clot (canalith jam) within the HSC and the cupula itself. HSC cupula is shown in 
utriculofugal (inhibitory) deflection compared to its original position (blue dashed line). Contralaterally, otoliths settle the undermost part 
of the ampullary arm of right PSC, eliciting neither endolymphatic flows nor detectable nystagmus. (B) Bending the head forward (at the 
chin-to-chest position), debris were slightly driven toward right PSC cupula (red arrow), resulting in ampullopetal (inhibitory) cupular dis-
placement (red dashed line), generating slight downbeat nystagmus with left-beating torsional components (red arrows). As inhibitory 
stimuli result in weaker outputs compared to excitatory stimuli, baseline right-beating nystagmus (blue arrow) due to left HSC-canalith 
jam could have likely overlapped these weak vertical/torsional components. (C) With 30°-backward head-bending at the HPT, particles 
within right PSC were slightly shifted away from the ampulla (red arrow), resulting in ampullofugal bending of the cupula (red dashed line). 
This excitatory stimulus likely resulted in an upbeating nystagmus with rightward torsional components (red arrows) overlapping baseline 
right-beating nystagmus (blue arrow). HSC: horizontal semicircular canal, PSC: posterior semicircular canal, HPT: head pitch test.
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Fig. 2. Representation of particles position within both membranous labyrinths (represented along the pitch plane) and resulting nystag-
mus according to head position changes with the patient supine. Debris settling within right and left labyrinths are represented in red and 
blue, respectively. Nystagmus features (fast phase) resulting from right and left endolymphatic flows are represented with red and blue 
arrows, respectively. (A) At the SSPT, canalith jam likely crumbled within left HSC non-ampullary arm. Contralaterally, debris moved 
away from the PSC ampulla resulting in an ampullofugal (excitatory) cupular displacement (red dashed line), that in turn generates up-
beating nystagmus with torsional right-beating components (red arrows). (B) At leftward SHRT, debris on the left side were displaced to-
ward the HSC ampulla (blue arrow, excitatory stimulus) which in turn bent ampullopetally (blue dashed line) resulting in strong long-last-
ing paroxysmal geotropic nystagmus (blue arrow). Contralaterally, debris remained in the undermost tract of the PSC without resulting in 
detectable nystagmus. (C) At rightward SHRT, debris moved away from the ampulla (blue arrow) generating an ampullofugal (inhibitory) 
endolymphatic flow and weaker right-beating nystagmus compared to contralateral side (blue arrow). On the right side, debris were 
shifted further away from PSC ampulla (red arrow) resulting in ampullofugal (excitatory) displacement of the ampulla (blue dashed line) 
and in paroxysmal upbeating nystagmus with right-beating torsional components (red arrows) overlapping and replacing paroxysmal 
geotropic horizontal nystagmus. SSPT: seated-supine positioning test, HSC: horizontal semicircular canal, PSC: posterior semicircular 
canal, SHRT: supine head roll test.
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thiasis is upbeating with right-beating torsional components 
(i.e., with the top poles of the eyes beating toward the lower-
most ear) [9]. 

Although specific positionings have been conceived for the 
diagnosis of each form of BPPV, positional nystagmus due to 
a specific BPPV subtype may also be evoked by maneuvers 
that are recommended for other SCs. Therefore, nystagmus 
patterns elicited by positionings are more relevant than the 
positioning itself for BPPV diagnosis [10]. Since BPPV may 
involve multiple SCs in one or both sides, it may be challeng-
ing to identify the position of otoconia and the most appropri-
ate CRM. A nystagmus-guided approach is particularly useful 
in such cases [2,10,11].

We herein reported a peculiar case of bilateral BPPV includ-
ing left HSC-canalith jam and right PSC-canalolithiasis.

Canalith jam represents a rare form of HSC-BPPV occur-
ring when an otoliths clot plugs a narrow portion of the mem-
branous duct. In this condition, a continuous alteration of hy-
drostatic pressure within the affected SC leads to a persistent 
deflection of the cupula towards the utricle or in the opposite di-
rection. It results in spontaneous nystagmus regardless of head 
position changes, mimicking vestibular neuritis [3-7].

The patient of our report presented with a history consistent 
BPPV, showing right-beating horizontal nystagmus in primary 
gaze position.

Horizontal nystagmus in upright position does not repre-
sent a rare finding in HSC-BPPV, as the natural 30°-inclina-
tion of HSC from the horizontal plane results in a gravity-in-
duced slow motion of free-floating debris or in a persistent 
deflection of the overloaded cupula while upright [10-13]. Al-
though it could be misinterpreted as spontaneous nystagmus, 
it actually represents direction-changing nystagmus as it is 
strongly modulated by head positions. Therefore, it should be 
properly called “pseudo-spontaneous nystagmus” due to its 
gravity dependency [11-14].

However, the patient in this case showed persistent right-
beating nystagmus irrespective to head-bending at HPT and re-
fixation saccades after leftward HIT, consistent with left ves-
tibular neuritis. Nevertheless, it is well known how canalith 
jam may likely account for these findings in patients with re-
cent BPPV. Persistent utriculofugal displacement of the cupu-
la due to negative pressure between the otoliths clot and the 
cupula itself, with resulting endolymphatic blockage, may also 
account for direction-fixed nystagmus and the transient hypo-
function of left HSC activity as detected by HIT [2,3,6].

Moreover, upbeating nystagmus with right-beating torsional 
components regularly overlapped baseline right-beating hori-
zontal nystagmus by bending the head 30° backward. Since 
head tilts along the pitch plane can stimulate also vertical SCs, 

such nystagmus pattern indicates the presence of additional 
debris within the right PSC [1,10,12]. This assumption could 
be verified as similar nystagmus was elicited at the SSPT [11,13]. 
Bringing the patient to the supine position with the head aligned 
with the body, PSC lies 45°-inclined from the pitch plane and 
gravity vector can move debris away from PSC cupola result-
ing in an excitatory stimulus [10,12,13,15]. Conversely, slight 
downbeat nystagmus with torsional left-beating components 
would have been expected at the chin-to-chest position, due 
to ampullopetal (inhibitory) otoliths shift within right PSC in-
duced by gravity [12]. Nevertheless, it is well known how in-
hibitory stimuli for labyrinthine sensors result in weaker oculo-
motor responses compared to excitatory inputs [1,9]. Moreover, 
slight left-beating torsional components could have been over-
lapped by stronger baseline right-beating nystagmus. These 
phenomena may likely account for the lack of nystagmus chang-
es in chin-chest position despite concurrent PSC-canalolithiasis.

Then, SHRT revealed long-lasting, direction-changing par-
oxysmal geotropic horizontal nystagmus stronger on the left 
side, suggesting that left HSC-canalith jam crumbled result-
ing in a settlement of free-floating debris within the non-am-
pullary arm of the canal [4]. Once the patient’s head quickly 
turned on the right side, torsional components beating toward 
the undermost ear immediately overlapped horizontal geotro-
pic nystagmus, proving right PSC-canalolithiasis. Right PSC-
canalolithiasis was finally verified with Dix-Hallpike test on 
the right side. 

Clinical Practice Guidelines released by American Acade-
my of Otolaryngology-Head and Neck Surgery provide the 
most appropriate approach in ordinary cases of BPPV, sug-
gesting to check firstly vertical canals involvement with Dix-
Hallpike maneuvers, and then HSC-BPPV with SHRT if mul-
ticanal involvement is suspected [16]. In this report, however, 
we described a unique case of left HSC-canalith jam with si-
multaneous right-sided PSC-canalolithiasis mimicking a clin-
ical picture consistent with Lyndsay-Hemenway syndrome (i.e., 
positional paroxysmal nystagmus overlapping spontaneous 
nystagmus and corrective saccades after horizontal head im-
pulse). Once canalith jam crumbled converting into a typical 
left HSC-canalolithiasis, we followed an unconventional ap-
proach based on the regular observation of nystagmus in each 
head position (nystagmus-based approach). 

This kind of approach during positioning tests allowed us to 
understand canaliths dynamics in both labyrinths and to iden-
tify their positions. The same strategy was adopted while per-
forming proper CRM to systematically track the ampullofu-
gal progression of debris within SCs.
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Supplementary Video
Video 1. Upright examination. Horizontal right-beating 

nystagmus in primary gaze position. Head pitch test did not 
modify the direction of spontaneous horizontal nystagmus, 
whereas slight torsional right-beating components progres-
sively appeared after 30° backward head-bending.

Video 2. Supine examination. Mixed upbeating nystagmus 
with torsional right-beating components appeared at the seat-
ed-supine positioning test and strong long-lasting paroxys-
mal geotropic horizontal nystagmus appeared after leftward 
head rotation. Pure horizontal paroxysmal geotropic nystag-
mus (weaker than leftward hear rotation) was evoked turning 
the patient’s head to the right side. Few seconds later, up-beat-
ing paroxysmal nystagmus with torsional right-beating com-
ponents overlapped and replaced horizontal nystagmus.

Video 3. Repositioning and final reassessment. No nystag-
mus appeared in supine position and left supine head roll test, 
whereas slight upbeating paroxysmal nystagmus with tor-
sional components was still detected on the right.

Supplementary Materials
The online-only Data Supplement is available with this ar-

ticle at https://doi.org/10.7874/jao.2020.00507.
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