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Abstract Although several researchers have tried various

canalith repositioning procedures for lateral canalolithiasis,

a standard treatment has not been established. We adopt

120� rotation, which is anatomically appropriate because

the principle of cure may be the fixing of pathological

debris to the dark cells of the utricle. The aims of this study

were to clarify the efficacy rate of the affected-ear-up 120�
maneuver and to elucidate the appearance rate of lying-

down nystagmus in patients with lateral canalolithiasis.

The subjects were 31 patients (26 females, 5 males) who

revealed transient direction-changing geotropic positional

nystagmus. After determining the involved side, we per-

formed the canalith repositioning procedure immediately.

To perform this maneuver: (1) Place the patient in the

supine position. (2) Rotate the head toward the healthy side

until facing downward 120� from supine. (3) Sit up. (4)

Ask the patient to remain upright with the chin down until

going to bed. Twenty-nine patients (94%) became symp-

tom free by only one maneuver. However, one patient

converted to ipsilateral posterior cupulolithiasis, and

another required a second maneuver. Lying-down nystag-

mus was found in 29 patients (94%), the transient type in

23 (74%), and the persistent type in 6 (19%). The direction

of transient (not persistent) lying-down nystagmus was

mostly toward the healthy side. These results suggest that

the affected-ear-up 120� maneuver is effective and that

lying-down nystagmus appears at a high rate.
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Introduction

Benign paroxysmal positional vertigo is classified into

two types, a posterior semicircular canal type and a

lateral semicircular canal type. Patients with the poste-

rior canal type reveal torsional/vertical nystagmus in the

Dix–Hallpike test [1]. The pathophysiology of transient

torsional/vertical nystagmus is canalolithiasis (moving

debris), while that of persistent torsional/vertical nys-

tagmus is cupulolithiasis (heavy cupula) [2–4]. Posi-

tional nystagmus of the lateral canal type is classified as

direction-changing apogeotropic horizontal nystagmus

(APO) or direction-changing geotropic horizontal nys-

tagmus (GEO). APO is always persistent and its patho-

physiology is cupulolithiasis [5, 6]. GEO is classified as

a persistent type or a transient type. Persistent GEO,

which lasts more than 1 min, is thought to be a light

cupula [7–10], and canalolithiasis accounts for transient

GEO [11, 12].

Several researchers have tried various kinds of canalith

repositioning procedures for lateral canalolithiasis [13–15].

However, a standard treatment has not been established.

We have carried out the affected-ear-up 120� maneuver for

10 years and are convinced of its effectiveness. The prin-

ciple of cure may be the fixing of debris to the dark cells of

the utricle because positional vertigo and GEO disappear

dramatically just after treatment in some cases. Therefore,

we ask patients to remain upright until going to bed after
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the treatment. The first aim of this study was to clarify the

efficacy rate of the affected-ear-up 120� maneuver.

In the posterior canal type, the affected side is the

direction of the torsional component (not the horizontal

component) in the head-hanging position [16]. When the

superior pole of the eyeball moves toward the right ear of

the patient in a quick-phase, the affected ear is the right. In

patients with lateral canalolithiasis, it is not always easy to

determine the lesion side. Why is this? The reason is that

the right lateral canal lies in the same plane as the left

lateral canal. The direction of right stimulatory nystagmus

is the same as that of left inhibitory nystagmus. We cannot

determine the involved ear by only observing the nystag-

mus direction. According to Ewald’s second law, stimu-

lation (ampullopetal deflection of the lateral canal cupula)

provokes a greater response than inhibition (ampullofugal

deflection). Therefore, in patients with canalolithiasis, head

turning toward the affected ear produces stronger nystag-

mus. However, it is not always easy to visually discern the

difference of intensity.

Koo et al. [17] introduced the value of lying-down nys-

tagmus. They reported that 43% of patients revealed lying-

down nystagmus and it mostly beat toward the healthy side.

We had formerly carried out the supine head roll test after

keeping the patient at rest in the supine position for several

minutes. However, this method cannot detect lying-down

nystagmus and we reviewed the test procedure 3 years ago.

First, the patient is seated to bring the lateral canal earth-

horizontal. After confirming no nystagmus, the position is

transformed to supine. This procedure is very important

because the gravity produces a sinking of dense particles and

an additional pressure to the cupula in canalolithiasis

patients. The second aim of this study was to elucidate the

appearance rate of lying-down nystagmus.

Materials and methods

Subjects

The subjects were 31 patients (26 females, 5 males, mean

age of 52.4 years) with lateral canalolithiasis who were

diagnosed and prospectively treated from January 2014 to

December 2016 at our institution. Group 1 (Patient no.

1–25) consisted of 25 patients who revealed transient GEO

the first time. Group 2 (Patient no. 26–31) consisted of 6

patients who changed to transient GEO from APO during a

supine head roll test (Fig. 1).

Nystagmus testing

Nystagmus testing was performed in the dark with the

patient’s eyes open using an infrared charge-coupled

device camera. First, the patient is seated to bring the lat-

eral canal earth-horizontal. After the observation of nys-

tagmus in the sitting position, the examiner reclines the

seat so that the lateral canal becomes earth-vertical. Lying-

down nystagmus is a finding with this procedure. If lying-

down nystagmus was elicited, we confirmed whether it was

transient or persistent by keeping the patient in the supine

position for 1 min. Afterward, the head was turned toward

the right and kept in the right-ear-down position for 1 min

to confirm whether the nystagmus was transient or persis-

tent and vice versa (supine head roll test).

Inclusion criteria

1. No nystagmus in the sitting position.

2. In the right-ear-down position, after a brief latency,

horizontal nystagmus toward the right occurs, then

decays and stops within 1 min.

3. When the head is rotated to the left side, after a brief

latency, horizontal nystagmus toward the left occurs,

then decays and stops within 1 min.

4. There are no cochlear symptoms related to vertigo and

no central nervous system disorder.

Determining the affected side

Group 1 (transient GEO)

The affected side was found by comparing the intensity of

nystagmus. If leftward nystagmus is stronger than rightward

nystagmus, the affected side is the left. In cases where nys-

tagmus is symmetric, we detected the affected side by the

direction of transient lying-down nystagmus. If lying-down

nystagmus is toward the right, the affected side is the left.

Group 2 (transient GEO from APO during a supine head

roll test)

The side of the neutral position [18] of APO is the affected

side.

Treatment

After determining the involved side, we performed affec-

ted-ear-up 120� maneuver immediately (Fig. 2). To per-

form this maneuver:

1. Place the patient in the supine position.

2. Rotate the head toward the healthy side until facing

downward 120� from the supine.

3. Sit up.

4. Ask the patient to remain upright with the chin down

until going to bed.
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Success was defined as symptom free by only one

maneuver.

Results

Data on the 31 patients are shown in Table 1. Movie for

Patient no. 10 is shown in Supplemental data.

Success rate

The affected-ear-up 120� maneuver was successful in 29

patients (94%). Patient no. 7 transformed to heavy cupula

of the ipsilateral posterior canal 2 days after, and positional

vertigo continued for seven more days. Patient no. 9

revealed transient GEO at the second visit (4 days after),

and the affected-ear-up 120� maneuver was done again.

Fig. 1 Group 2–6 patients who

changed to transient geotropic

nystagmus from apogeotropic

nystagmus during a supine head

roll test. The affected side is the

left. Arrows indicate the

direction of nystagmus. Bold

arrows mean stronger

nystagmus. L left

Fig. 2 Affected-ear-up 120�
maneuver. a Starting position:

supine. b Head rotation toward

the healthy side. c Head rotation

until facing downward 120�
from supine. d Sitting position.

Black circles indicate

pathological debris. The

affected ear is the left. L left
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Positional vertigo continued for seven more days. These

two patients (6%) were judged as ineffective.

Lying-down nystagmus

29 patients (94%) revealed lying-down nystagmus, the

transient type in 23 (74%), and the persistent type in 6

(19%).

Onset time

In 14 patients, vertigo occurred during sleep, in 15 patients

at the time of rising. Patient no. 10 felt vertigo just after

hanging the laundry at 9 pm. Patient no. 11 felt a spinning

sensation at the time of lying down after going to the

bathroom at midnight.

Discussion

Our results suggest that the affected-ear-up 120� maneuver

is an effective treatment for lateral canalolithiasis. Why is

it effective? The main reason may be the function of

vestibular dark cells. Several researchers reported that the

dark cells of the utricle are engaged in the absorption and

demineralization of otoconia [19, 20]. Therefore, we adopt

120� rotation which is anatomically appropriate. Although

270� and 360� maneuvers are effective [14, 15], 120�
maneuver has an advantage that we can perform it in a

Table 1 Results

Patient Age

(years)

Sex Affected

side

Onset time Direction of LDN The day no GEO was

confirmed after treatment

1 18 F L Sleeping L ? R (biphasic, transient) 2

2 35 F L Rising R (transient) 7

3 49 F L Sleeping R (transient) 8

4 49 F L Rising R (transient) 8

5 51 F L Rising R (transient) 3

6 51 F L Rising R (transient) 4

7 52 F L Rising R (transient) 14

8 56 F L Rising R (transient) 2

9 58 M L Sleeping R (transient) 14

10 59 F L 9 pm (hanging laundry) R (transient) 2

11 61 F L 4 am (lying down) None 5

12 61 M L Sleeping R (transient) 2

13 68 F L Rising R (transient) 7

14 27 F R Sleeping L (transient) 7

15 30 F R Rising L (transient) 7

16 38 M R Rising L (transient) 7

17 50 F R Sleeping L (transient) 6

18 51 F R Rising L (transient) 5

19 54 F R Rising R (transient) 7

20 54 F R Sleeping L (transient) 7

21 60 F R Sleeping L (transient) 2

22 61 F R Sleeping L (transient) 3

23 66 F R Rising None 3

24 68 F R Sleeping L (transient) 6

25 77 F R Sleeping L (transient) 3

26 45 F L Rising L (persistent) 10

27 60 F L Rising L (persistent) 7

28 74 M L Sleeping L (persistent) 7

29 42 M R Sleeping R (persistent) 7

30 44 F R Sleeping R (persistent) 2

31 56 F R Rising R (persistent) 3

F female, M male, R right, L left, LDN lying-down nystagmus, GEO geotropic nystagmus
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short time. Making patients (especially stout old ladies)

prone is surprisingly hard. In addition, less than 180�
rotation can avoid transforming canalolithiasis (moving

debris) into the cupulolithiasis (heavy cupula). To settle a

pathological debris in the utricle, post-maneuver instruc-

tion (upright position with the chin down until going to

bed) is important, and we recommend the patient sleep

with the upper body elevated (Fowler’s position). How-

ever, the success rate is not 100%. Patient no. 7 converted

to heavy cupula of the ipsilateral posterior canal 2 days

after treatment, and Patient no. 9 revealed transient GEO

again at the second visit. We speculate that the reason for

the ineffectiveness is no adhesion of debris to the dark

cells.

Lateralization is not always easy in patients with lateral

canalolithiasis. Measuring nystagmus duration is inappropri-

ate because nystagmus toward the lesion side does not last

longer than toward the healthy side [11, 21]. Although we

compare the intensity of nystagmus in accordance with

Ewald’s second law, it is not always easy to visually recognize

a stronger direction. Some show almost symmetrical transient

GEO. An ideal method is quantitative measurement of max-

imum slow-phase velocity using real-time electronystag-

mography; however, this is challenging in practice. The

secondary valuable information is lying-down nystagmus.

When we encounter it, the point to note is whether it is tran-

sient or persistent. If this determination is uncertain, persistent

GEO ismisdiagnosed as lateral canalolithiasis [17]. Persistent

GEO is due to a light cupula. After transforming the patient’s

position from sitting to supine, observing the decay of nys-

tagmus for 1 min is very important.

Lying-down nystagmus appears at a high rate. Most

transient lying-down nystagmus is toward the healthy side.

This phenomenon means that unwanted debris locates in

the lateral side of the canal (Fig. 3a). Firstly, debris is not a

coming-in particle. Ichijo [22] proposed a micro-otoconia

accumulation theory in which the pathological debris is an

aggregate of micro-otoconia over a long time period, and it

begins to slide by its own weight during sleep. According

to this theory, the deposit grows in the lateral side of the

Fig. 3 Mechanism of transient lying-down nystagmus. a In cases

where pathological debris locates at the lateral side of the lateral

canal. b If pathological debris stays at the posterior edge of the lateral

canal, no lying-down nystagmus is elicited. Black circles indicate

pathological debris. L left

Fig. 4 Mechanism of

transformation from

apogeotropic nystagmus to

transient geotropic nystagmus.

Black circles indicate

pathological debris. Affected

ear is the left. L left
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long arm. In many cases, moving debris may stay there

because the patients instinctively avoid moving the head

after the onset. If pathological debris stays at the posterior

edge of the lateral canal, no lying-down nystagmus occurs

(Fig. 3b). In this case, we need to judge the lesion side by

the laterality of transient GEO. Infrequently, lying-down

nystagmus is toward the affected side (stimulatory nys-

tagmus), because pathological debris locates in the medial

side of the canal. There are some exceptions.

In cases of APO with persistent lying-down nystagmus,

some show transformation to transient GEO after the

affected-ear-down position [23–25]. These phenomena

indicate that the attached debris got unstuck and entered

the long arm, and the size of the moving pathological

particle is almost the same as the size of the debris, which

causes cupulolithiasis (Fig. 4). Furthermore, moving debris

may not be multiple, but single. Although House and

Honrubia [26] predicted that moving debris is much

smaller (lighter) than the attached otoconia on the cupula,

these theoretical models are unreliable.

At the first visit of patients, we need to confirm whether

APO transforms to transientGEOornot bykeeping the patient

in the affected-ear-down position for 1 min. Animal studies

have shown that the surface of the cupula is sticky [27, 28].We

speculate that small (light) particles never get unstuck because

of an adhesive power, and big (heavy) debris sometimes falls

off the cupula and enters the long arm.

As mentioned above, lying-down nystagmus and the

supine head roll test are valuable for lateralization.

Examiners need to observe patient’s eye movements in the

sitting position and while reclining carefully, before per-

forming the Dix–Hallpike test. If horizontal nystagmus is

elicited by the supine head roll test, the examiner needs to

pay attention to the direction, intensity and decay. When

transient GEO is elicited and the lesion side determined,

the affected-ear-up 120� maneuver should be performed

immediately.

Conclusion

The affected-ear-up 120� maneuver is effective in patients

with lateral canalolithiasis. It is easier to perform compared

to other maneuvers. Lying-down nystagmus appears at a

high rate, and it is valuable for lateralization. The direction

of transient (not persistent) lying-down nystagmus is

mostly toward the healthy side.
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