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A 58-year-old woman seeks care from her primary physician after the occurrence of
sudden vertigo and imbalance with nausea and vomiting, which began that morning
when she got out of bed. The vertigo lasted less than a minute but recurred when she
lay back down in bed, rolled over in bed, or got up again. She reports no tinnitus or
hearing loss. How should this patient be evaluated and treated?

The Cl inic a l Probl em
Benign paroxysmal positional vertigo (BPPV) is by far the most common type of
vertigo, with a reported prevalence between 10.7 and 64.0 cases per 100,000 population and a lifetime prevalence of 2.4%.1,2 The condition is characterized by brief
spinning sensations, usually lasting less than 1 minute, which are generally induced
by a change in head position with respect to gravity.3,4 Vertigo typically develops
when a patient gets in or out of bed, rolls over in bed, tilts the head back, or bends
forward.3 Even though patients with BPPV occasionally report persistent dizziness
and imbalance, a careful history taking almost always reveals that their symptoms
are worse with changes in head position.4 Many patients also have nausea, sometimes with vomiting. Attacks of BPPV usually do not have a known cause, although
cases may be associated with head trauma, a prolonged recumbent position (e.g., at
a dentist’s office or hair salon), or various disorders of the inner ear.3 Spontaneous
remissions and recurrences are frequent; the annual rate of recurrence is approximately 15%.5 Patients with BPPV are at increased risk for falls and impairment in
the performance of daily activities.6
The prevalence of idiopathic BPPV is increased among elderly persons and among
women, with peak onset between 50 and 60 years of age and a female-to-male ratio
of 2:1 to 3:1.2,3 BPPV has also been reported to be associated with osteopenia or osteo
porosis and with decreased serum levels of vitamin D — associations that are not
explained by age or sex.7,8 The fundamental pathophysiological process in BPPV involves dislodged otoconia from the macula of the utricular otolith that enter the
semicircular canals. When there is a change in the static position of the head with
respect to gravity, the otolithic debris moves to a new position within the semi
circular canals, leading to a false sense of rotation. BPPV usually arises from the
posterior semicircular canal, which is the most gravity-dependent canal; this type
of BPPV accounts for 60 to 90% of all cases.4 However, the proportion of patients
with BPPV that involves the horizontal semicircular canal may have been under
estimated, since involvement at this site is more likely to remit spontaneously than
involvement in the posterior semicircular canal.9 BPPV rarely involves the anterior
semicircular canal, probably because of its uppermost position in the labyrinth,
where otolithic debris is unlikely to become trapped.10
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key Clinical points

benign paroxysmal positional vertigo
• Benign paroxysmal positional vertigo (BPPV), by far the most common cause of vertigo, is characterized by
brief spinning sensations, which are typically induced by a change in head position with respect to gravity.
• BPPV involving the posterior canal (the most common type) is diagnosed on the basis of nystagmus
beating in an upward and torsional direction, with the top poles of the eyes beating toward the lower
ear, as observed when the patient is lying on one side during the Dix–Hallpike maneuver.
• BPPV involving the horizontal canal is characterized by nystagmus that is either geotropic (beating
toward the ground) or apogeotropic (beating toward the ceiling) when the head is turned to either side
while the patient is in a supine position.
• Canalith-repositioning maneuvers (e.g., Epley’s and Semont’s maneuvers for the posterior canal) are
effective treatments for BPPV.

Diagnosis

S t r ategie s a nd E v idence
BPPV must be distinguished from other, more serious causes of acute or episodic vertigo (Table 1).
A history taking and neurologic examination
often allow for differentiation among stroke,

vestibular neuritis, and BPPV. The examination
should include the testing of eye movements for
sustained nystagmus, vertical ocular misalignment, and a pattern of vestibular responses that
is suggestive of a central cause. Such testing has
been reported to be more accurate for the diagnosis of stroke than computed tomography or
early use of magnetic resonance imaging.10,11
The diagnosis of BPPV is supported if changes in
head position with respect to gravity provoke the
symptoms and elicit the patterns characteristic
of BPPV. Because most physicians are not familiar with the precise anatomical relationships of
the semicircular canals in the skull, it can be a
challenge to interpret the different patterns of
positional nystagmus and perform the correct
maneuvers. (Videos available with the full text of
this article at NEJM.org show the patterns of
nystagmus that are diagnostic of the two most
common types of BPPV and demonstrate the
movements of the body that should be performed
to treat each type.)
BPPV sometimes involves multiple canals in
one ear or is bilateral, making it difficult to
identify the patterns of nystagmus and choose
the best treatment. Generally, such cases should
be referred to a specialist, as should cases of
positional downbeat nystagmus and cases that
are resistant to treatment.
n engl j med 370;12

Physical examination reveals positional nystagmus
in more than 70% of patients with BPPV.12 This
finding is elicited by performing specific maneuvers, depending on which canal is affected.
Posterior Semicircular Canal

In patients with BPPV that involves the posterior
canal, nystagmus is typically induced with the
use of the Dix–Hallpike maneuver (Table 2 and
Fig. 1, and Video 1).13 When there is movement of
otolithic debris (canalolithiasis) in the posterior
canal away from the cupula, the endolymph flows
away from the cupula, stimulating the posterior
canal. The resulting nystagmus is upward-beating
and torsional, with the top poles of the eyes beating
toward the ear in the lower position (as the patient’s
head is turned to one side) (Video 1).13 The nystagmus usually develops after a brief latency period
(2 to 5 seconds), resolves within 1 minute (typically within 30 seconds), and reverses direction
when the patient sits up.13 With repeated testing,
the nystagmus diminishes owing to fatigability.13
If the otoconia become attached to the cupula
(cupulolithiasis), the evoked nystagmus is similar to that observed in canalolithiasis but is usually longer in duration.14
A positive response to the Dix–Hallpike maneuver, in which the nystagmus beats in the
correct direction, is the standard for diagnosing
BPPV involving the posterior canal. However, approximately one fourth of symptomatic patients
have little or no nystagmus. Treating these patients may still be beneficial if their symptoms
conform to the usual clinical picture.12
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Ear pain, sensation of fullness in ear
Fluctuating hearing loss, tinnitus
Spontaneous, horizontal
Recurrent, spontaneous; typical duration for hours
Meniere’s disease

* BPPV denotes benign paroxysmal positional vertigo.
† In the head-impulse test, the result is considered abnormal when a corrective movement (saccade) is required to maintain straight-ahead fixation after the head has been rotated to the side.11

Migrainous headaches, motion sickness, family history
Occasional
Recurrent, spontaneous; duration
for minutes to hours; may be
positional
Vestibular migraine

Rare, but when present usually positional

May be preceded by viral illness; results of head-impulse test
abnormal†
None
Spontaneous, sustained; may be wors- Spontaneous, predominantly horiened by positional change
zontal

Occasional
Spontaneous, with beating in various
or changing directions
Spontaneous, usually sustained; may
be worsened by positional change

n e w e ng l a n d j o u r na l

Vestibular neuritis

Neurologic symptoms or signs may include headache and vertical misalignment of eyes; results of headimpulse test typically normal†

None

Stroke

Other Features

Recent inciting event possible (e.g., recumbent position at dentist’s office or hair salon, prolonged bed
rest, head trauma); history of similar episodes

Auditory Symptoms
Nystagmus

Positional, with mixed vertical torsional nystagmus in BPPV involving
posterior canal and horizontal nystagmus in BPPV involving horizontal canal

Onset and Course

Recurrent, transient, positional; usually provoked by turning over or getting in and out of bed

Cause

BPPV*

Table 1. Differential Diagnosis of Acute Vertigo.
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Horizontal Semicircular Canal

BPPV involving the horizontal canal is usually
diagnosed by means of the head-roll test (also
called the log-roll test), in which the head is turned
approximately 90 degrees to the left and to the
right with the patient lying supine (Table 2).9,15
Horizontal nystagmus occurs with the head turned
in either direction, and in both positions it beats
either toward the ground (geotropic nystagmus,
Video 2)9,15 or toward the ceiling (apogeotropic
nyst agmus, Video 3).16
Proper treatment of BPPV involving the horizontal canal requires knowledge of which ear is
involved.17-20 When the nystagmus is more intense with the head turned to one side than with
the head turned to the other side, the nystagmus
beats toward the affected ear.
Anterior Semicircular Canal

BPPV involving the anterior canal is extremely rare,
and its pathophysiology is poorly understood.21,22
Its hallmark is a positional downbeat nystagmus
with a torsional nystagmus in which the top
poles of the eyes beat toward the involved ear.
Patients with this type of nystagmus should be
evaluated for central lesions, although such lesions
are rarely found.
Treatment

BPPV typically resolves without treatment. A prospective longitudinal study showed that the median interval between the onset of symptoms and
spontaneous resolution in untreated patients was
7 days when the horizontal canal was affected and
17 days when the posterior canal was affected.23
However, canalith-repositioning maneuvers can be
used to treat BPPV promptly and effectively.24-27
Medications are primarily used to relieve severe
nausea or vomiting. Surgeries such as transection
of the posterior ampullary (singular) nerve and
plugging of the involved canal are rarely required
and should be considered only for patients whose
symptoms are intractable and incapacitating and
in whom there has been no response to repositioning maneuvers.25
Posterior Semicircular Canal

Epley’s canalith-repositioning maneuver was designed to flush mobile otolithic debris out of the
posterior canal and back into the vestibule (Fig. 2).26
The otoconia move around the canal with each
step of the maneuver and eventually drop out
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Supine head roll

Head is turned approxi
mately 90 degrees to
each side while
patient is in supine
position

Head is turned approxi
mately 90 degrees to
each side while
patient is in supine
position

Patient is quickly placed
on the side with af
fected ear with head
turned 45 degrees in
opposite direction

Side-lying

Supine head roll

With head turned to one
side at angle of
45 degrees, patient is
moved from sitting
position to supine
position, with head
hanging below
examination table

Method

Dix–Hallpike

Maneuver

Diagnosis

Apogeotropic (beats toward
the ceiling)

Geotropic (beats toward
the ground)

Upbeat and ipsiversive
torsional*

Upbeat and ipsiversive
torsional*

Induced Nystagmus

Head is shaken from side to side at
approximately two cycles per
second for 15 seconds

Head-shaking

The patient lies with the unaffected
ear down for approximately
12 hours

Forced prolonged
position

Patient lies on the side with affected
ear for 1–2 minutes; head is then
rotated 45 degrees in upward
position; patient then assumes
sitting position

Patient lies on the side with unaffected
ear for 1–2 minutes; head is then
rotated 45 degrees in downward
direction; patient then assumes
sitting position

Gufoni’s maneuver

Gufoni’s maneuver

Head is rotated in three 90-degree
increments, for a total of 270
degrees, from affected ear down,
to supine, to unaffected ear down,
to prone

Patient is swung rapidly, through 180degree cartwheel-like motion, from
lying on the side with affected ear to
lying on the side with unaffected ear

After performance of Dix–Hallpike
maneuver, head is turned 90 degrees toward unaffected side; head
is then turned another 90 degrees,
and trunk is turned 90 degrees in
same direction, so that patient lies
on unaffected side with head
pointing toward the floor; patient
is then moved to sitting position

Method

Barbecue rotation

Semont’s maneuver

Epley’s maneuver

Repositioning Maneuver

Treatment

* In ipsiversive nystagmus, the upper pole of the eyes beats toward the side of the affected (lower) ear.
† If the apogeotropic type of benign paroxysmal positional vertigo is converted to the geotropic type, treatment for the geotropic type should be provided.

Apogeotropic

Geotropic

Horizontal semicircular canal

Posterior semicircular canal

Location in Semicircular Canal

Table 2. Diagnosis and Treatment of Benign Paroxysmal Positional Vertigo According to the Affected Canal.
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into the vestibule (Video 4), where they can be
resorbed.26 Each position should be maintained
until the induced nystagmus or vertigo dissipates,
but always for at least 30 seconds.27 The success
rate with Epley’s maneuver is about 80% after
one session and increases to 92% with repetition
up to four times.28 A meta-analysis of five randomized, controlled trials showed that patients
with BPPV involving the posterior canal who
were treated with Epley’s maneuver, as compared

of

m e dic i n e

with patients treated with sham maneuvers and
untreated controls, had significantly higher rates
of improvement in symptoms (odds ratio, 4.4;
95% confidence interval [CI], 2.6 to 7.4) and in
nystagmus (odds ratio, 6.4; 95% CI, 3.6 to 11.3).29
Although some clinicians advocate the use of a
hand-held vibrator on the mastoid of the involved
side while Epley’s maneuver is being performed
or recommend that patients restrict movements
of the head and body after treatment, there is

Figure 1. Use of the Dix–Hallpike Maneuver to Induce Nystagmus in Benign Paroxysmal Positional Vertigo Involving
the Right Posterior Semicircular Canal.
With the patient sitting upright (Panel A), the head is turned 45 degrees to the patient’s right (Panel B). The patient
O L O R from
F I G Uthe
R E sitting position to the supine position with the head hanging below the top end of the exis thenCmoved
amination table at an angle of 20 degrees (Panel C). The resulting nystagmus would be upbeat and torsional, with
Draft 3
02/27/14
the top poles of the eyes beating toward the lower (right) ear (Panel D).
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little evidence to support these suggestions.27,30,31
However, it appears to be prudent for patients to
sit still, in an upright position, for about 15 minutes after treatment and then to walk cautiously.
The pattern of nystagmus during Epley’s maneuver helps to predict the success of treatment.
When the head is turned 90 degrees away from
the affected side (after being placed in the initial
Dix–Hallpike position), the positioning nystagmus
occasionally reappears (Video 4). According to
one report, all 99 patients whose nystagmus reappeared in the same direction as the original
nystagmus had resolution after one or two applications of Epley’s maneuver, whereas only 3 of
the 15 patients whose nystagmus shifted to the
opposite direction were cured.32 However, even
in patients with nystagmus in the opposite direction, enough debris may be removed from the
posterior canal to relieve symptoms.
The Semont maneuver can also be used to treat
BPPV involving the posterior canal (Fig. 3).33 To
evacuate the particles, the patient is rapidly swung
at high acceleration through a 180-degree cartwheel motion — from lying on the affected side
to lying on the unaffected side — with the movement completed within 1.3 seconds (Video 5).34
This maneuver can be used in lieu of Epley’s
maneuver in patients who have difficulties extending the neck.35 As with Epley’s maneuver, nys
tagmus toward the affected side in the second
position of Semont’s maneuver is predictive of
successful treatment.36 Both Epley’s and Semont’s
maneuvers may be repeated several times until
no nystagmus is elicited. Patients who require
multiple treatments can be instructed to perform
the maneuvers at home. In a randomized, controlled trial, the success rate was 95% with selfadministration of Epley’s maneuver and 58% with
self-administration of Semont’s maneuver.37 Selfadministered canalith-repositioning maneuvers
may be more effective when combined with guided
canalith-repositioning maneuvers performed at
a clinic.38
Nausea or vomiting and vertigo may occur during these maneuvers, and many patients have a
sensation of being off-balance and transient dizziness with head motion for several days or more,
even after successful treatment. In some instances, a brief episode of vertigo occurs several minutes after performance of the maneuver. Another
possible complication of the treatment maneuvers

n engl j med 370;12

for BPPV involving the posterior canal, which occurs in less than 5% of cases,39 is conversion to
BPPV involving the horizontal canal. This condition can develop if the otoconial debris that moves
out of the posterior canal falls into the horizontal
canal. It can be treated with the same maneuvers
used for BPPV involving the horizontal canal
(geotropic or apogeotropic), as described below.
Horizontal Canal

There are two types of BPPV involving the horizontal canal — one in which the nystagmus is
geotropic and one in which it is apogeotropic.
The former is commonly treated with the barbecue rotation. It consists of sequential 90-degree
rotations of the head, first toward the affected ear
and then toward the unaffected ear (Video 6).40
With this maneuver, the otoconial debris migrates and eventually exits the horizontal canal
and passes into the vestibule. Another treatment,
called Vannucchi’s forced prolonged position, involves having the patient lie with the unaffected
ear down for approximately 12 hours.41 This treatment is preferred for patients with severe symptoms that worsen with sequential changes in position and for those in whom it is unclear which
ear is affected.41 If lying on one side for a prolonged period is ineffective, the patient can try
lying on the other side for 12 hours. An alternative treatment is Gufoni’s maneuver,42 in which
the patient quickly lies down on the side of the
unaffected ear and remains in this position for
1 to 2 minutes, until the evoked nystagmus subsides. The head is then quickly rotated 45 degrees
toward the floor and kept in this position for
another 2 minutes, after which the patient resumes an upright position (Video 7).42
In a prospective observational study involving
60 patients, the effectiveness of Vannucchi’s forced
prolonged position did not differ significantly
from that of Gufoni’s maneuver; both were more
effective than the barbecue rotation after a single application (with success rates of 76% and
89%, respectively, vs. 38%).43 A recent randomized trial showed that both the barbeque rotation and Gufoni’s maneuver were more effective
than a sham maneuver (with success rates of
68% and 61%, respectively, vs. 35%).44
BPPV involving the horizontal canal with apogeotropic nystagmus is attributed to otolithic
debris that is attached to the cupula (cupulo
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ver (35%); outcomes with these maneuvers (up to
two repetitions of each maneuver at the time of
the initial treatment) remained superior to the
outcome with the sham maneuver at 1 month.50
Another head-to-head trial showed that after a
single treatment session, the head-shaking maneuver was more effective than the modified version of Semont’s maneuver (resolution of vertigo
in 37% of patients vs. 17%).46

Figure 2 (facing page). Epley’s Canalith-Repositioning
Maneuver for the Treatment of Benign Paroxysmal
Positional Vertigo Involving the Right Posterior Semicircular Canal.
After resolution of the induced nystagmus with the use
of the right-sided Dix–Hallpike maneuver (Panels A, B,
and C), the head is turned 90 degrees toward the unaffected left side (Panel D), causing the otolithic debris
to move closer to the common crus. The induced nystagmus, if present, would be in the same direction as
that evoked during the Dix–Hallpike maneuver. The head
is then turned another 90 degrees, to a face-down position, and the trunk is turned 90 degrees in the same
direction, so that the patient is lying on the unaffected
side (Panel E); the otolithic debris migrates in the same
direction. The patient is then moved to the sitting position (Panel F), and the otolithic debris falls into the
vestibule, through the common crus. Each position
should be maintained until the induced nystagmus and
vertigo resolve, but always for a minimum of 30 seconds.

A r e a s of Uncer ta in t y

lithiasis) or that is free-floating within the anterior arm of the horizontal semicircular canal
near the cupula (canalolithiasis).16,45 Treatment
involves maneuvers designed to detach the otolithic debris from the cupula or to move the
debris from the anterior arm of the horizontal
canal to the posterior arm (Table 2).45 Possible
adjunctive strategies for this type of BPPV include head-shaking in the horizontal plane for
15 seconds46 and modified versions of Semont’s
maneuver46,47 and Gufoni’s maneuver.48
In Gufoni’s maneuver for BPPV involving the
horizontal canal with apogeotropic nystagmus, the
patient sits upright, looking straight head, and
then quickly lies down on the affected side and
remains in this position for 1 to 2 minutes after
the nystagmus has stopped or has been markedly
reduced. Then the head is quickly turned 45 degrees toward the ceiling and is held in this
position for 2 minutes, after which the patient
slowly resumes the sitting position (Video 8).42,48
This maneuver was designed to move otolithic
debris that is lying near or is adherent to the
cupula in the long arm of the horizontal canal
to a more posterior position in the canal, where
the debris may fall into the vestibule or can be
removed with the use of Gufoni’s maneuver for
BPPV involving the horizontal canal with geo
tropic nystagmus, in which the head is turned
toward the floor, as described above (Video 7).49
A randomized trial showed significantly higher
rates of immediate resolution of symptoms with
the head-shaking and Gufoni maneuvers (62%
and 73%, respectively) than with a sham maneun engl j med 370;12

Although randomized trials have compared the
effectiveness of various maneuvers for specific
types of BPPV, it is not clear which maneuver is
the most effective for each type. It is also unclear
what strategy should be pursued if the initial maneuver is not effective. Should the same maneuver be repeated, or should a different maneuver
be performed; if the same maneuver is repeated,
how many repetitions should be performed? In
addition, the diagnostic criteria and repositioning maneuvers for BPPV involving the anterior
canal require validation. Finally, although reduced
vitamin D levels have been reported among persons with BPPV as compared with controls,7,8 it is
not known whether vitamin D supplementation
reduces the risk of incident or recurrent BPPV.

Guidel ine s
Practice guidelines published in 2008 independently by the American Academy of Neurology27
and the American Academy of Otolaryngology–
Head and Neck Surgery1 recommend only the use
of Epley’s maneuver for BPPV involving the posterior canal. Recommendations in this article include other maneuvers (Semont’s maneuver for
BPPV involving the posterior canal and several
other maneuvers for BPPV of the horizontal canal); these recommendations are based on data
from more recent randomized trials.35,44,46,50

C onclusions a nd
R ec om mendat ions
The patient described in the vignette has vertigo
and nystagmus provoked by a change in head position, without other symptoms or signs, findings that are highly suggestive of BPPV. Patients
who report vertigo provoked by head movements
should first undergo the Dix–Hallpike maneuver
(Table 2 and Fig. 1, and Video 1). The development
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Figure 3. Semont’s Repositioning Maneuver for Benign Paroxysmal Positional Vertigo Involving the Right Posterior Semicircular Canal.
The patient is asked to sit upright (Panel A) and then to lie on the side of the affected, right ear, with the head turned slightly to the left
COLOR FIGURE
(Panel B).
The patient is then rapidly guided in a cartwheel pattern through the upright position to the other side, without a pause, with the head
remaining
to the left (Panel C). Finally, the patient is seated and the head is returned to the neutral position (Panel D). Each posiDraft 3 turned slightly
02/27/14
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Zee be maintained until the induced nystagmus and vertigo resolve, but always for a minimum of 2 minutes.
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