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A B S T R A C T   

Introduction: The geotropic variant of lateral canal BPPV occurs due to free floating otoconia in the non ampullary 
arm of this canal. Several repositioning maneuvers were effective to treat patients with this variant. We have 
previously proposed that the Zuma maneuver, first described for apogeotropic lateral canal BPPV, could also be 
effective for the geotropic variant as we believe that adopting a single maneuver may help the neurotological 
clinical practice. 
Material and methods: Fifteen patients with geotropic lateral canal BPPV were enrolled and treated with Zuma 
maneuver. Patients were reevaluated 1 h after a single maneuver. 
Results: All patients showed a nystagmus beating to the affected side in step I of Zuma maneuver that reversed its 
direction in step II. Besides, all patients achieved immediate resolution of vertigo and positional nystagmus after 
the application of the maneuver. 
Conclusions: The reversal of the nystagmus in step II of Zuma maneuver could be considered as a good prognostic 
indicator of the successful of this maneuver in patients with geotropic lateral canal BPPV. Moreover, despite the 
small sample of patients, Zuma maneuver was effective on short-term follow up for geotropic LC-BPPV after a 
single application.   

1. Introduction 

Benign paroxysmal positional vertigo (BPPV) is the most frequent 
cause of vertigo. Of all BPPV cases 16–31% may be attributed to the 
lateral canal BPPV variant (LC-BPPV) [1,2]. It is defined by horizontal 
nystagmus beating to the undermost (geotropic) or uppermost ear 
(apogeotropic) in the supine roll test. The geotropic LC-BPPV occurs due 
to free floating otoconia in the non ampullary arm of the LC. Conse-
quently, the repositioning maneuver for this variant should remove the 
particles from this arm into the utricle. 

It is well known that several repositioning maneuvers were effective 
to treat patients with geotropic LC- BPPV, such as: Barbecue Rotation 
(Roll maneuver), Forced Prolonged Position (Vannucchi Technique), 
Gufoni maneuver, and Zuma modified maneuver [3–8]. We proposed 
the Zuma modified maneuver [8] as an alternative treatment for 

geotropic LC-BPPV for practical reasons (Fig. 1). We believe that 
adopting a single maneuver and its modification may help the neuro-
tological clinical practice. Besides, knowledge of the semicircular canals 
anatomy and the behavior of the otoconia during a repositioning ma-
neuver is critical for the management of these patients [9]. 

However, we have previously proposed that the original Zuma ma-
neuver [10], first described for apogeotropic LC-BPPV, could also be 
effective for the treatment of patients with geotropic LC-BPPV [9] 
(Figs. 2, 3), based on a 3D biomechanical model of the semicircular 
canals [11,12]. Likewise, a recent study also based on 3D simulations 
showed that the Zuma maneuver is effective for canalithiasis of the non- 
ampullary and ampullary arms of the LC [13]. 

In this study, we observed a characteristic pattern of nystagmus in 
the first three steps of this maneuver in all patients. The purpose of the 
study was to evaluate our patients with geotropic LC-BPPV and the 
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dynamics of nystagmus during the repositioning of the particles using 
the Zuma maneuver. 

2. Material and methods 

A retrospective study was conducted on 15 patients who were 
diagnosed with a geotropic LC-BPPV without a history of trauma or 
concomitant neuro-otologic disease. The present study was conducted in 
accordance with the Declaration of Helsinki and approved by the insti-
tutional ethics committee. 

We only included patients that demonstrated characteristic hori-
zontal nystagmus in the supine roll test, seated supine positioning test 
and bow and lean test using a Video Frenzel goggle (Interacoustics, 
Middelfart, Denmark) [14–20]. 

To diagnose, all patients underwent the following sequence of posi-
tional maneuvers. First, they were submitted to an ocular motor exam-
ination with video-frenzel goggles in the sitting positioning. Then, the 
bow and lean test was performed followed by the seated supine posi-
tioning test. Lastly, patients were subjected to right and left supine roll 
test. 

The supine roll test, also called McClure-Pagnini test [14–16], was 
performed by turning the head 90 degrees to each side in the supine 
position. In geotropic LC-BPPV, otoconia are displaced toward the 
ampulla when the head is turned to the affected ear, provokes an 
ampullopetal excitatory current and a nystagmus beating toward the 
affected ear. When the head is turned to the unaffected side, the particles 
move from the ampulla, results in an ampullofugal inhibitory endo-
lymphatic current and a nystagmus beating to the unaffected ear. In 
accordance with Ewald’s second law, which postulates that the response 
to an excitatory stimulus is always more intense than to an inhibitory 
stimulus, the affected side is the one on which the nystagmus is more 
intense. 

In the seated supine positioning test [17,18], the patient is briskly 
brought from the seated to the supine position. The LC is placed on a 
vertical plane during the supine position and the debris move to the 
lowest part of the canal by gravity. In geotropic LC-BPPV, otoconia move 
away from the ampulla. As a result, that causes an ampullofugal 
inhibitory endolymphatic current and a nystagmus beating toward the 
unaffected ear. 

In the bow and lean test [19], the examiner bows the patient’s head 
forwards and leans it backwards in the sitting position. In the geotropic 
LC-BPPV, otoconia are displaced toward the ampulla in the bow test and 
away from the ampulla in the lean test. Nystagmus with greater intensity 
in the bow test compared with the lean test indicates an excitatory 
endolymphatic flow and suggests a geotropic LC-BPPV affecting the 
same side as the direction of the nystagmus [19,20]. For example, if a 
patient demonstrates a more intense nystagmus beating to the left in the 
bow test and a less intense nystagmus beating to the right in the lean 
test, the debris are floating in the non ampullary arm of the left LC (left 
geotropic LC-BPPV). However, the presence of nystagmus in the bow 
and lean test varies widely, ranging from 22 to 77%. [20–22]. 

Patients with LC-BPPV may also reveal a pseudo-spontaneous 
nystagmus [23], once the LC is inclined 30 degrees in relation to the 
horizontal plane and that allows a slow movement of the otoconia by 
gravity. In geotropic LC-BPPV, at the same way as the seated supine 
positioning test, the particles move away from the ampulla. Conse-
quently, both pseudo-spontaneous and seated supine positioning 
nystagmus beat toward the unaffected ear. In previous studies con-
ducted in patients with LC-BPPV, pseudo-spontaneous nystagmus was 
demonstrated in 26% and 76% of the cases [20,23]. 

The identification of the affected side is indispensable for the correct 
management of these patients. The intensity of the nystagmus in the 
McClure-Pagnini test is an important clinical sign to certify the affected 
ear. Nevertheless, occasionally it may be difficult to identify the 

Fig. 1. Zuma Modified Maneuver for right geotropic LC-BPPV. Data modified from Zuma e Maia [10] and MacDougall [31].  

B.F. Ramos et al.                                                                                                                                                                                                                                



Journal of the Neurological Sciences 434 (2022) 120160

3

differences in intensity of the nystagmus in this test. As a result, the 
direction of the nystagmus in seated supine positioning test, bow and 
lean test and the pseudo-spontaneous nystagmus may be useful signs of 
lateralization. In this study, the affected ear was determined by the 
characteristics of the nystagmus revealed in these tests. These findings 
strongly suggest the diagnosis of LC-BPPV. 

All patients were treated with Zuma Maneuver [10], first described 
to treat patients with apogeotropic LC-BPPV. The patient in the sitting 
position, is briskly brought to the lying down position onto the affected 
side (step I). Then, his head is turned 90 degrees toward the unaffected 
side (step II). After that, the patient moves the body into dorsal decu-
bitus and his head is turned another 90 degrees toward the unaffected 
side (step III). Lastly, the patient’s head is tilted slightly forward (step 
IV), before returning to the sitting position (step V). Patient is held in 
each position for 60 s. Since the particles are free floating on the canal, 
there is no need to wait for 3 min in each position, like in the original 
maneuver. 

The pattern of the nystagmus evoked in step I, II and III during this 
maneuver was observed with Video-Frenzel goggles without visual 
fixation. 

The therapeutic efficacy of the maneuver was determined by the 
same neurotologist 1 h after a single maneuver to assure of the resolu-
tion of vertigo and positional nystagmus. 

3. Results 

A total of 15 patients affected by geotropic LC-BPPV were observed. 
Of these, 5 were male and 10 were female, age range 30–83 years (mean 
61, median 63). The affected side was the right in 9 patients and left in 6 
patients. The duration of symptoms until the vestibular examination 
varied from 1 to 6 days. 

None of the patients had a bilateral or multi-canal BPPV. Oculomotor 

Examination using a Video Frenzel goggle showed a pseudo- 
spontaneous nystagmus in 5 patients only with visual fixation 
removed, beating to the unaffected ear. 

All patients demonstrated a horizontal nystagmus in the McClure- 
Pagnini test beating to the undermost ear, in the seated supine posi-
tioning test beating to the unaffected side, in the bow test beating to the 
affected side and in the lean test beating to the unaffected side. Both the 
pseudo-spontaneous and seated supine positioning nystagmus always 
beats in the same direction. The affected side was determined based on 
the direction of the nystagmus revealed in these tests. 

In two subjects, the geotropic LC-BPPV was caused by a canal switch, 
since it was diagnosed after an Epley Maneuver for ipsilateral posterior 
canal BPPV. These patients were retested after this maneuver and 
exhibited a characteristic horizontal nystagmus in the following posi-
tional maneuvers. 

All patients showed a transient nystagmus beating to the affected 
side (duration <60 s) in step I of Zuma maneuver. This nystagmus 
reversed its direction as it beats to the unaffected side and remained 
transient in step II. In step III, it remained transient and beating to the 
unaffected side. 

Table 1 shows the demographic data, affected side and the direction 
of the pseudo-spontaneous nystagmus and the nystagmus presented in 
seated supine positioning and bow and lean tests. 

All patients achieved immediate resolution of vertigo and positional 
nystagmus as measured 1 h after the application of the maneuver. The 
pseudo-spontaneous nystagmus also disappeared after this procedure. 

4. Discussion 

The present study suggests that the reversal of the nystagmus in step 
II of Zuma maneuver for geotropic LC-BPPV predicts a successful repo-
sitioning of the otoconia. Moreover, it suggests that the Zuma maneuver, 

Fig. 2. Zuma Maneuver for right geotropic LC-BPPV. Ny, nystagmus; ↓, nystagmus beating to the right (affected side);↑, nystagmus beating to the left (unaffected 
side). Data modified from Zuma e Maia [10] and MacDougall [31]. 
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first described for the apogeotropic variant, could also be an alternative 
treatment for the geotropic variant of LC-BPPV. 

Repositioning maneuvers should always be performed observing the 
provoked nystagmus in each step of the rehabilitation treatment as it 
helps to solve the BPPV in the first treatment section [24–26]. For 
example, in Epley maneuver the otoconia should always move away 
from the ampulla, resulting in the same vertical torsional upbeating 
geotropic nystagmus. This orthotropic pattern of nystagmus predicts a 
successful treatment in cases of posterior canal BPPV [27]. On the other 
hand, a reversal pattern of nystagmus in step II of Zuma maneuver could 
be considered as a good prognostic indicator of the successful of this 
maneuver in patients with geotropic variant of LC-BPPV. In step I of this 
maneuver (lying down on the affected side), otoconia, initially located 
in the non ampullary arm of the LC, are displaced in the direction of the 
ampullary arm (moving away from the utricle and toward the ampulla), 
resulting in an ampullopetal excitatory current and causing a nystagmus 
beating toward the affected ear. On the other hand, in step II of the 
maneuver (head rotated 90 degrees toward the ceiling), the particles 
move back to the non ampullary arm of the canal and away from the 
ampulla. That results in an ampullofugal inhibitory endolymphatic 
current, causing a reversal of the nystagmus beating to the unaffected 
ear. During step III otoconia move away from the ampulla, through the 
non ampullary arm of the LC before entering the utricle. Consequently, 
the nystagmus remains beating to the unaffected ear. 

We have previously described the Zuma modified maneuver [8] to 
treat patients with geotropic LC-BPPV. However, we noticed in the 
evaluation of those seven patients that the nystagmus in steps I, II and III 
of the maneuver were not very intense, once the displacement of the 
otoliths may be short. The intensity becomes greater in step IV when the 
patient in dorsal decubitus turns his head 90 degrees toward the unaf-
fected side (unpublished observation). In this position the particles, in 
fact, move away from the ampulla, through the non ampullary arm of 

the LC before entering the utricle, resulting in a nystagmus beating to the 
unaffected ear. This issue to evaluate the nystagmus could cause a slight 
hesitation to confirm the correct diagnosis during the repositioning 
maneuver. It is always important to reassure the diagnosis of LC-BPPV, 
once there are many patients that demonstrate positional horizontal 
nystagmus caused by others etiologies (i.e. migraine, light/heavy 
cupula, central positional nystagmus) and may not respond to the 
repositioning maneuvers. That is the reason why we only included pa-
tients in which a characteristic nystagmus, that strongly suggest the 
diagnosis of LC-BPPV, was demonstrated. Therefore, the evaluation of 
the nystagmus during the repositioning maneuver may not only 
demonstrate a prognostic indicator, but also elucidate the otoliths’ paths 
toward the utricle and confirm the correct diagnosis [9,28]. 

We have previously proposed that the Zuma maneuver [10], first 
described for apogeotropic LC-BPPV, could also be effective for the 
geotropic LC-BPPV based on 3D biomechanical model of the semi-
circular canals [11,12]. Likewise, a recent study [13] also based on 3D 
simulations showed that the Zuma maneuver is effective for canalithiasis 
of the non-ampullary and ampullary arms of the LC. These authors [13] 
also demonstrated that the Gufoni maneuver is effective for geotropic 
LC-BPPV and the 360 degrees roll maneuver is effective for canalithiasis 
of the non-ampullary and ampullary arms of the LC. Due to the whole 
body rotation, roll maneuver may be difficult in patients with obesity, 
advanced age or restricted cervical movement. In addition, these factors 
may impact maintenance of the head in the appropriate plane during 
head and body rotation [29]. Gufoni maneuver [6,7] may be considered 
a quick, simple and effective maneuver for geotropic LC-BPPV. This 
maneuver was modified to be performed for apogeotropic LC-BPPV 
[30]. Instead of lying the patient in the unaffected side and inclining 
the head downwards, the patient is moved into a side-lying position onto 
the affected side and his head is turned upwards in the maneuver 
described by Ciniglio Appiani [30]. These different descriptions of 

Fig. 3. Zuma Maneuver for right apogeotropic LC-BPPV. Data modified from Zuma e Maia [10] and MacDougall [31].  
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Gufoni maneuvers may be confusing and may impair the management of 
these patients. Our study is the first to test Zuma maneuver in patients 
with geotropic LC-BPPV, as we believe that adopting a single maneuver 
for both variants may help the neurotological clinical practice [9]. 

Nevertheless, we should mention that we cause an unnecessary 
excitatory stimulus performing the Zuma maneuver for patients with 
geotropic LC-BPPV. That could result in greater symptoms of vertigo and 
nausea, comparing to the Zuma modified maneuver, whereas the par-
ticles only move toward the utricle, causing an inhibitory stimulus. 
However, none of the patients presented with vomiting episodes during 
the repositioning maneuver. 

There are some limitations of this study mostly related to the small 
sample of patients enrolled. However, all the patients demonstrated the 
reversal of the nystagmus in step II of Zuma maneuver and achieved 
immediate resolution of vertigo and positional nystagmus after a single 
application of this maneuver. Besides, we proposed a very strict inclu-
sion criteria based on a characteristic nystagmus showed in the posi-
tional tests, although the presence of all lateralization signs varies 
widely in patients with LC-BPPV based on the literature and may not be 
presented in most cases according to some authors [20]. It is important 
to consider that some patients with LC-BPPV may be presented only with 
a direction changing nystagmus in the McClure-Pagnini test. Therefore, 
further studies are needed to validate our findings in this type of 
patients. 

5. Conclusion 

Our data suggest that the reversal of the nystagmus in step II of Zuma 
maneuver could be considered as a good prognostic indicator of the 
successful of this maneuver in patients with geotropic LC-BPPV. More-
over, despite the small sample of patients, the Zuma maneuver was 
effective on short-term follow up for geotropic LC-BPPV after a single 
application. However, prospective randomized studies are needed to 
evaluate the efficacy of this maneuver on short and long term follow up. 
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