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Abstract

IntRoductIon

Benign paroxysmal positional vertigo (BPPV) is the most 
common mechanical disorder of the vestibular labyrinth. 
Since BPPV is a purely clinical vestibular disorder, its 
diagnosis solely depends on the elicitation of specific 
oculomotor patterns on the diagnostic positional tests, namely 
Dix‑Hallpike test (DHT) for the vertical canals (posterior and 
anterior semicircular canals) and supine roll test (SRT) for the 
horizontal semicircular canal. In cases of the most frequent 
posterior semicircular canal variant of the BPPV (PSC‑BPPV), 
the side to which DHT elicits the upbeating geotropic positional 
nystagmus during 20‑degrees head hanging position is the 
involved side. In the least frequent anterior semicircular canal 
variant of the BPPV (ASC‑BPPV), though the DHT may elicit 
downbeating positional nystagmus in the 20‑degrees head 
hanging position to either side, it is the direction of torsion 
that lateralizes the involved side.[1]

The experiments of Julius Ewald (1855‑1921) in pigeons 
framed the three laws that bear his name, and these laws are 
fundamental for understanding the pathophysiology of the SRT, 
which generates the diagnostic oculomotor patterns for the 
horizontal semicircular canals affected by vestibular lithiasis 
during the positional tests.[2] Ewald (1892) cannulated each of 

the three semicircular canals and applied negative and positive 
pressures to observe the intensity and direction of the generated 
nystagmus. The two main outcomes of his experiments are:
1. The generated nystagmus is always directed parallel to 

the plane of the stimulated canal (Ewald’s 1st law),
2. The generated nystagmus is stronger when the endolymph 

moves towards the ampulla (ampullopetal) in the case 
of the horizontal semicircular canal (Ewald’s 2nd law), 
and away from the ampulla (ampullofugal) in case of 
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vertical semicircular canals (posterior and anterior) 
(Ewald’s 3rd law).

In the geotropic variant of the horizontal semicircular canal 
benign paroxysmal positional vertigo (geo‑HSC‑BPPV), in 
which otoconial debris is free‑floating in the long posterior 
non‑ampullary arm of the horizontal semicircular canal, an 
ipsilesional lateral head roll in the yaw‑axis, during the SRT, 
produces an excitatory hydrodynamic drag of the endolymph 
towards the ampulla. This very reason in the variant, during 
SRT, elicits stronger geotropic nystagmus to the side of lesion 
than to the opposite side [Figure 1a and 1b]. In the apogeotropic 
variant of HSC‑BPPV (apo‑HSC‑BPPV), where otoconial 
debris is either free‑floating in the short anterior ampullary 
arm of the horizontal semicircular canal or is adherent to the 
cupula, thus making it heavier, the excitatory hydrodynamic 
drag of the endolymph towards the ampulla occurs when there 
is contralesional lateral head roll in the yaw axis during SRT. 
Accordingly, in the apo‑HSC‑BPPV during the SRT, stronger 
apogeotropic nystagmus is elicited when the head is yawed to 
the contralesional side [Figure 1a and 1c].

The canalith repositioning maneuvers for treating HSC‑BPPV 
like Gufoni, Appiani, barbecue roll and forced prolonged 
positioning (FPP) are dependent on precise lateralization 
of the involved side. During these maneuvers, the head and 
body of the patient are sequentially oriented in a manner 
that the utricular exit in the posterior arm of the horizontal 
semicircular canal is positioned to the most gravity‑dependent 
location. Therefore, it is extremely important to precisely 
lateralize the involved side for the accurate execution of the 
repositioning maneuver in cases of HSC‑BPPV. Ewald’s laws 
are the basis of the localization and the lateralization of the 
involved semicircular canal in cases of BPPV. However, cases 
of HSC‑BPPV occasionally occur that violate Ewald’s second 
law and elicit symmetrically strong horizontal positional 
nystagmus on lateral head rolls to either side during the SRT.[3]

A 38‑year male patient is reported who presented with two days 
history of vertigo on lying supine and on assuming either of 
the lateral recumbent positions. The SRT elicited a lying‑down 
nystagmus (LDN) beating towards the patient’s right in the 
supine neutral position and symmetrically strong intensity 
geotropic horizontal positioning nystagmus on a lateral head 
roll to the right as well as left. In HSC‑BPPV, the LDN mostly 
beats toward the involved ear in the apogeotropic variant and 
directs to the healthy ear in the geotropic type. Accordingly, 
the lateralization to left was inferred and the patient was 
successfully treated for left geo‑HSC‑BPPV.

case descRIptIon

History
A 38‑year‑old male patient presented in the second week of 
March 2019 with 2‑day history of vertigo on assuming either of 
the lateral recumbent positions, getting to supine position from 
sitting and vice‑versa. The severity of vertigo was reported 
to be more severe on the right lateral recumbent position He 

also vomited twice during this period. There was no history 
of staggering, diplopia, dysarthria, difficulty in swallowing, 
hiccups, drooping of upper eyelids, or facial or limb weakness. 
There was no history of hypertension, diabetes, coronary artery 
disease, hypothyroidism, jaundice, craniocervical trauma, 
cervical radiculopathies, cervical canal stenosis, rheumatoid 
arthritis, Paget’s disease, ankylosing spondylitis, low back 
dysfunction, spinal cord injuries, or cerebrovascular disease.

Examination
The general physical examination and vitals of the patient were 
normal. The screening examination of the cervical spine did 
not reveal any limitation of movement. The examination of the 
back region did not reveal kyphoscoliosis. The examination 
of the lumbosacral spine, including straight‑leg raising (SLR) 
test and reverse SLR‑test, were normal. The neurological 
examination revealed normal cranial nerve examination; 
strength was grade 5/5 in all four limbs with normal deep 
tendon reflexes, and bilateral plantar reflexes were flexor. The 
examination of the cerebellar system revealed no spontaneous 
or gaze‑evoked nystagmus, and there was no appendicular or 
axial incoordination. The Otoneurologic examination revealed 
normal vertical and horizontal saccadic and smooth pursuit 
eye movements. The head impulse test was bilaterally normal. 
Before carrying out positional tests, the presence of spontaneous 
nystagmus was ruled out by using takeaway Frenzel goggles.[4] 
The Dix‑Hallpike test carried as per the published guidelines 
of the American Academy of Otolaryngology, Head, and Neck 
Surgery Foundation (AAO‑HNS)[5] did not elicit positional 
nystagmus. The SRT was performed with patient in long‑sitting 
on the examination table. Placing the patient from the sitting 
to the supine neutral position elicited a horizontal right 
beating nystagmus (LDN) lasting approximately ten seconds. 
The lateral head roll to the right elicited geotropic horizontal 
nystagmus of six seconds duration and to the left elicited 
geotropic horizontal nystagmus of four seconds in duration. 
Elicited geotropic horizontal positional nystagmus during SRT 
had an almost symmetric strength on the lateral head roll to 
either side [Video 1]. Because the LDN is directed towards 
the healthy ear in the variant geo‑HSC‑BPPV [Figure 2], it 
was reasonable to lateralize the disease involvement to the 
left horizontal semicircular canal.

Diagnosis
The aforesaid clinical history and otoneurologic examination 
were consistent with the diagnosis of geotropic variant of left 
horizontal semicircular canal benign paroxysmal positional 
vertigo (Left geo‑HSC‑BPPV). A video recording of the supine 
head roll test [Video 1], unveiled the symmetrically strong elicited 
geotropic horizontal positional nystagmus to either side and by 
capturing the right beating LDN, supported the lateralization of 
involvement to the left horizontal semicircular canal.

Intervention
The Gufoni maneuver[6] for the left geo‑HSC‑BPPV was 
performed with patient in short‑sitting and lower limbs hanging 
down the long edge of examination table. From short‑sitting, 
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the patient was positioned briskly to the right lateral recumbent 
for approximately one minute. Thereupon the head of the 
patient was inclined 45‑degrees downwards in the yaw axis 
and maintained for two minutes. After this, the patient was 
brought back to the short sitting position [Video 2].

Prognosis
A repeat SRT one hour after Gufoni maneuver [Video 3], as 
well as 24‑hours later [Video 4], did not elicit any positioning 
nystagmus and the patient did not had vertigo as well. The 
patient was telephonically enquired weekly for next four weeks 
about vertigo and he remained symptom‑free during that time.

dIscussIon

The SRT in patients suffering from HSC‑BPPV identifies the 
affected ear by comparing the relative strengths of elicited 
horizontal positional nystagmus during the lateral head rolls to 
either side. As per the Ewald’s 2nd law, an asymmetric horizontal 
positional nystagmus is mostly elicited, which is stronger on 
the ipsilesional lateral head roll in the geo‑HSC‑BPPV and 
contralesional lateral head roll in the apo‑HSC‑BPPV during 
SRT due to excitatory ampullopetal cupular deflection as 
explained [Figure 1]. Rarely the elicited horizontal positional 
nystagmus in HSC‑BPPV is of symmetric strength to either 
side, making lateralization impossible based on the findings 
of lateral head rolls during SRT singularly. The initial location 
of the otoconial debris, the acceleration of rotation, and the 
angle subtended during the head roll are determinants of 
the intensity of the elicited horizontal positional nystagmus 
during the SRT.[7] LDN is an important secondary sign of 

lateralization, and is particularly useful for the patients in 
whom SRT elicits horizontal positional nystagmus of almost 
equal strength on the rolling head to either side during the 
SRT.[8] In cases of long posterior arm horizontal semicircular 
canalolithiasis (geo‑HSC‑BPPV), lying down from sitting to 
supine causes otoconial debris to move away from the cupula 
consequent to the canal attaining a vertical position [Figure 2]. 
This results in an inhibitory ampullofugal deflection of the 
cupula, and the resultant nystagmus (clinically appreciated as 
LDN) is directed away from the affected side [Figure 2].[9] The 
direction of LDN is away from the affected side in most patients 
with geo‑HSC‑BPPV. By contrast, in almost all patients with 
apo‑HSC‑BPPV, the LDN is directed towards the affected side.

Pseudo‑spontaneous nystagmus (PSN) is long‑lasting 
non‑paroxysmal nystagmus observed in the upright position 
and mostly unveiled by the slow horizontal rotations of the 
head, which causes the floatation of the otoconial debris 
in the horizontal semicircular canal which is inclined 30° 
relative to the horizontal plane. PSN too is a sign of secondary 
importance for lateralizing the affected ear in HSC‑BPPV.[10] 
The frequency of PSN in HSC‑BPPV is reported to vary from 
40.1‑76%, and increases to 96% after mild head‑shaking.[11‑13] 
In geo‑HSC‑BPPV, it beats to the healthy ear, whereas in the 
apogeotropic forms, it beats to the affected ear. However, the 
PSN must be differentiated from the spontaneous nystagmus 
by the head pitch test (HPT) in the sitting position under 
videonystagmoscopy control.[11] During HPT, on pitching 
the head forward 30°, the PSN disappears because the 
horizontal semicircular canal attains an almost horizontal 
orientation (neutral position) relative to the horizontal plane, 
which ceases the floatation of the otoconial debris. PSN 

Figure 1: The position of otoconial debris in supine neutral position and 
during lateral head rolls. (a): Top to bottom ‑ supine neutral position, lateral 
head roll right and to left. (b): Otoconia in posterior arm of right horizontal 
semicircular (geotropic variant) canal shifts ampullopetal (green arrow) 
on lateral head roll to right and ampullofugal (blue arrow) on lateral 
head roll to left. (c): Otoconia in anterior arm of right horizontal 
semicircular (apogeotropic variant) canal shifts ampullofugal (blue arrow) 
on lateral head roll to right and ampullopetal (green arrow) on lateral 
head roll to left

cba

Figure 2: The mechanism of lying‑down nystagmus (LDN) in left 
geo‑HSC‑BPPV. (a). In the sitting position, the otoconial debris (in red) is 
in the long posterior non‑ampullary arm of the left horizontal semicircular 
canal. (b). As the patient is shifted to the supine position, the canal 
becomes vertical and the otoconial debris moves away from the cupula 
giving rise to ampullofugal deflection (blue arrow) of the cupula. The 
resulting LDN would be away from the affected side

b

a
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reverses its direction when the head is pitched 60° forward 
and reappears again with increased intensity on pitching the 
head approximately 30° backward.

The incidence of LDN is reported to vary from 59.2‑83%,[3,8,14] 
and is comparable to that of PSN. The lateralizing value of 
LDN is identical to that of PSN, directs to the healthy ear and 
does not require videonystagmoscopy for its detection. In this 
case, LDN captured during recording of eye movements during 
the SRT aided in lateralization given the fact that lateral head 
roll elicited horizontal nystagmus of equal strength to either 
side. The direction of the LDN, which is a secondary sign of 
lateralization, attained ascendancy, and guided to accurately 
treat the patient with the Gufoni maneuver. Two short term 
follow‑ups at one hour and 24 hours after the therapeutic 
Gufoni maneuver were aimed to minimize the confounding 
effects of spontaneous remissions reported in HSC‑BPPV.[15] 
The disappearance of vertigo and elicited nystagmi (geotropic 
horizontal positional nystagmus on the lateral head roll to either 
side as well as LDN) at short term follow‑up reinforces the 
lateralizing value of LDN in patients who elicit symmetrically 
strong nystagmus on the head roll to either side during SRT.

conclusIon

The terminology seated supine positioning nystagmus (SSPN) 
used by the Asprella[11] is identical to LDN described earlier[3,8] 
in terms of its pathogenesis and lateralizing value. The LDN is 
an important secondary sign of lateralization both in geotropic 
as well as apogeotropic variants of HSC‑BPPV (especially in 
developing countries like India where the videonystagmoscopy 
equipment are not routinely available), where the diagnostic 
SRT elicits horizontal positional nystagmus of almost equal 
strength on rolling the head to either side. Every doctor or 
trained vestibular physical therapist who is directly involved in 
the care of patients with benign paroxysmal positional vertigo 
should explicitly look for this secondary albeit important 
lateralizing sign while performing the SRT. A close‑up video 
recording of the SRT focusing on eye movements can be a 
useful aid for comparing the strength of the elicited horizontal 
positional nystagmus and can occasionally unveil an LDN.
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