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Objective: To determine sensitivity, specificity, likelihood ratio of side-lying test for
diagnosis Benign paroxysmal positional vertigo when compare to Dix-Hallpike test

Design: A diagnostic cross-sectional study

Setting: Dizziness and hearing clinic, Department of Otolaryngology, Faculty of
Medicine, Chulalongkorn University

Method: Eighty-six dizzy patients, who experience vertigo not more than one month
were assessed for having benign paroxysmal positional vertigo (BPPV). Both Dix-Hallpike
maneuver and side-lying test were done under the computerized video
electronystagmography. The diagnostic performance of side-lying test was analyzed using
Dix-Hallpike test as the gold standard. During the procedure, the examiner recorded for the
adverse events.

Result: There were 86 patients (60 females, 26 males) enrolled irito the study with age
range from 19 to 79 (mean 54.1 yrs) years. The prevalence of BPPV in this study was 49
(57%). Sensitivity was 89.8% (81.3-98.6), specificity was 89.2% (79.2 - 99.2), accuracy was
85.5%, positive predictive value, negative predictive value and likelihood rotio were 91.7%,
86.8% and 8.3 accordingly. There was no significant difference in adverse events. Subgroup
analysis shows more prevalence rate in higher age. The sensitivity is also higher in older
group, incontrast to specificity which was extremely high in younger age group.

Conclusion: Side-lying test had relatively high-diagnostic performance for diagnosis
benign paroxysmal positional vertigo when us Dix-Hallpike maneuver as a gold standard.

Side-lying test may be an alternative for diagnosis BPPV.
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CHAPTER |
INTRODUCTION

RATIONALE AND BACKGROUND

Positional vertigo is a common symptom that usually indicates a benign inner
ear disorder. The most common variety, is benign paroxysmal positional vertigo
(BPPV). BPPV is a clinical condition characterized by transient episodes of vertigo
when the affected ear is in the dependent position. Although first described by Barany
in 1921,[1] the specific characteristics of this disorder were defined in 1952 by Dix and

Hallpike who advised a positioning maneuver to diagnose BPPV.

Among patients seen in a general internal medicine outpatient clinic[2] and in
subspecialty dizziness clinics,[3,4] vertigo was the most frequent category of dizziness,
and BPPV was the most common cause of vertigo. Symptoms of BPPV are triggered by
head movement. Most of the episodes occur when the patient gets in and out of bed,
leans back, bends over, or looks up.[5] The estimate incidence of BPPV is 160,000 new

cases per year in the United state.[6]

BPPV has long been recognized, only recently has its underlying
pathophysiology been clarified and substantiated.[7,8,9] Free-floating particulate
matter with the posterior-semicircular canal of the vestibular labyrinth has been
observed in vivo.in several patients with this disorder.[9,10] This finding led to the
development of an innovation bedside treatment in-which the free-floating particles are
moved from the posterior semicircular-canal to another location within the vestibular
labyrinth.[6,11,12] This maneuver provide the patient with immediate, and long-lasting,

relief from vertigo.[13,14]



BPPV has a significant impact on health-related quality of life and particle
repositioning maneuver improves health-related quality[15] of life a lot. Therefore, the
diagnosis of BPPV or differentiation BPPV from the other causes of dizziness is very
important. BPPV is characterized by positional vertigo and by positional nystagmus
elicited by head-hanging maneuver, usually called the Dix-Hallpike
maneuver.[15,16,17] The Dix-Hallpike maneuver is widely used in the diagnosis of
BPPV. The diagnosis is based on findings of typical positional rotatory nystagmus
provoked by the head-hanging position and the observation of certain characteristic
features including a brief latency (usually 1 to 5 sec), limited duration (usually < 60
sec), reversal on assuming an upright position and a fatiqueing of the response on
repeat testing. In the head-hanging left-ear down position, the nystagmus occurs in a
clockwise direction, on the head-hanging right ear down position, the direction is

counter clockwise.

Although Dix-Hallpike maneuver has several advantages, this maneuver also
has some disadvantages. Many patients have difficulty relaxing enough to allow brisk
passive movement of the head backward for fear of eliciting vertigo. The maneuver
needs cervical range of motion. In a case of musculoskeletal limitation or obesity it is
very difficult to perform and in some neck condition it may be contraindicated.
Moreover, the biomechanics of the maneuver could strain the clinician’s back. An
alternative test to use for diagnosis BPPV with comparable result will be beneficial for
patients with limited range of neck motion or who-are contraindicated for Dix-Hallpike

maneuver.

To produce positioning nystagmus, one must understand the mechanism of
how nystagmus is evoked. The lateral head-trunk tilt or side-lying maneuver is another
way to stimulate the inner ear balance organ thus producing nystagmus. This maneuver
stimulates the posterior semicircular canal by similar biomechanics. However, the

validity and the usefulness of the maneuver have not been clearly demonstrated.



The purpose of this study is to assess the diagnostic performances i.e.
sensitivity, specificity, likelihood ratio and other diagnostic property of side lying test

regard to the gold standard Dix-Hallpike test for diagnosis BPPV.

AONUUINYUINNS )
ANRINITNINENAY



CHAPTER Il
REVIEW OF LITERATURES

Benign paroxysmal positional vertigo (BPPV) is the most common cause of
vertigo, particularly in elderly. This condition is characterized by brief attacks of rotatory
vertigo and concomitant positioning rotatory nystagmus which are elicited by rapid
changes in head position relative to gravity.[18] It is common after colds, trauma,
surgery, ear infections and is seen frequently in association with other inner ear

disorders. However, many cases are idiopathic.

Epidemiology

BPPV had been said to be the most commonly recognized peripheral vestibular
disorder. In one cohort study, the mean age at onset was 54 years, with a range of 11
to 84 years.[17] Froehling et al, estimated that the incidence is as high as 107 cases
per 100,000 population per years.[2] Another study in Japan in which patients were
considered to have benign paroxysmal positional vertigo only if had nystagmus during
a Dix-Hallpike test found an incidence of 10.7 cases per 100,000 per year.[19] In
another report by Katsarkas and Kirkham[15], the mean-age of their 255 patients was
50 years, in the 240 patients described by Baloh and colleagues,[17] reported that the

prevalence of BPPV in their dizziness clinic increased with advancing age.[20]

The prevalence of BPPV according to our previous: study in Dizziness and
Hearing clinic, Department of Otolaryngology, Faculty of Medicine, King Chulalongkorn
Memorial Hospital was approximately- 40 percent of all dizzy patients visited to

clinic.[30]

There was some sex predominance in the study reported by Baloh and his
collegues. They found female outnumbered males by a ratio of 1.6:1 combining all
diagnostic categories. This ratio was approximately 2:1 if one considers only the

idiopathic and miscellaneous groups.



Cohort study, in Olmsted country, Minnesota, gender was not significantly
associated with the incidence of BPPV. The age-adjused incidence for women was 75

per 100,000 populations and that for men was 50 per 100,000.[6]

Pathophysiology

The mechanism creating the typical phenomena of nystagmus has long been a
source of speculation. Dix and Hallpike described that in the majority of BPPV cases
nystagmus occurred when the affected ear was placed undermost in the provocative

position. This verified that the labyrinth is the origin of this mechanism.

There are two theories regarding to pathophysiology of BPPV. Cupulolithiasis
and canalithiasis. Cupulolithiasis theory by Schuknecht who discovered basophilic
particle or densities that were adherent to the cupula and postulated that the posterior
semicircular canal (PSC) was rendered sensitive to gravity by these abnormal dense
particle.[3,4] The posterior semicircular canal localization of this theory was verified in
1974 by the success of Gacek’s singular neurectomy[21] but the heavy (adherent)
copular has been brought into question for several reasons. Most important,
physiologic principles dictate that gravity dependent defection of a cupular would
continue as longe as the provocative orientation was maintained, thus evoking
sustained nystagmus. This has been demonstrated by studies in which a density
differential is created between the endolymph and the cupula by ingestion of alcohol or
deuterium, resulting in nystagmus which is lasted for hours while the provocative head
position is maintained.[22] In contrast, nystagmus in BPPV persists for only a few
seconds and then abruptly ceases. So, this means that nystagmus of BPPV is not

generated directly by the effect of gravity on a heavy cupula.

Another theory is canalithiasis. Hall et al. in 1979 proposed that those BPPV
subjects that demonstrate response decline with repetitive provocation are due to free
densities in the endolymph[7], In 1980 Epley indicated that the phenomena observed in

patients with nystagmus were explainable by the presence of free floating particle in



the PSC created by gravity while the head is tilted backward, the particles are rotated
up approximately 90 degree along the arm of the PSC. These cause the endolymph to
flow away from the cupula and causes the cupula to be deflected and produces

nystagmus.[8,9,10]

Pathophysiology of provocative position. When the head is moved to the tested
position, the debris begin gravitating as a bolus. This well lead to an ampullofugal, thus
depolarization occur. A few seconds are required for the drug to overcome the inertia
and resistance of the endolymph within the canal and the elasticity of the cupula. This
will lead to some latency before the rotatory nystagmus occurs. And when the canaliths
stop gravitating or the drag on the endolymph ceases, elasticity returns the cupula to

its neutral position, and the nystagmus and vertigo cease. So this call limited duration.

During the simulation period the torsional nystagmus with its axis generally parallel to
the axis of the PSC and its fast phase directed toward the undermost ear. (typical

rotatory nystagmus) (fig 2.1)

Fog 2.1 pathophysiology of provocative position

Clinical Manifestation [11,12,22,13]

BPPV patients generally have two components of clinical symptom. The most
initial symptoms at the onset is positionally induced vertigo without cochlear symptoms,
such as tinnitus and hearing impairment. Positional vertigo was induced by moving the
head. The classic scenario is an intense brief episode of spinning when getting up or
lying down and also rolling over in bed. Vertigo also commonly occurs in a lesser

degree when the patient is gazing upward or bending forward. The first attack of



vertigo is often severe and associcated with nausea, with or without vomiting. An
unexpected intense vertigo at the initial onset may be frightening and may bring BPPV
patient to an immediate visit at the emergency room. The duration of the vertigo is
commonly short (no more than 60 seconds) but to many patients it feels like much

longer. The interval between episodes many rang from hours to years.

The second component of symptoms is disequilibrium that is reported with
movements. Some BPPV patients will present that they feel drunk when trying to walk
with sensation they are going to fall to one side. They may sometimes say that they
have noticed the phenomenon of adaptation and can make their dizziness to disappear

by avoiding their head from provocative position.

One symptom of interest is of discomfort, and it may be of tenderness in the

affected occipital region. However, this symptom is only presented in some cases.

Differential Diagnosis

The differential includes positional nystagmus of central origin, vestibular

neuronitis, Meniere’s disease, perilympathic fistula and autoimmune inner ear disease.



The characteristic of other common vestibular disorder are shown in table 2.1

Table Characteristics of Common Fluctuating Vestibular Disorders
Diagnosis Duration of ~ Vetigo with Hearing Aural Fluctuating  Tinnitus Trauma
Rotatory Loss Fullness Hearing
Vertigo
BPPV <Minute Position None None None None Sometimes
changes
Meniere’s Hours No Usually Usually Usually Usually No

association unilateral

PLF Minutes- Physical Sometimes Sometimes  Sometimes  Sometimes  Usually
hours straining unilateral
AIED Hours No Progressive  Sometimes  Sometimes  Sometimes  None

association bilateral

Table 2.1 Characteristic of common fluctuating vestibular disorders

It is also important to consider whether the position vertigo and nystagmus is

idiopathic or occurring in associated with central nervous system.

From the report by Mohr[6], none of the 100 patients described by Dix-Hallpike

test had central pathologic lesions.

Etiologic Factors

The major factors apparently predispose a person to have BPPV are: advanced

age, trauma, inactivity. and other ear diseases.

Most of the report in literatures review, noted that the average age of BPPV
patient is above 50. This is probably related to the shedding of otoconia from the
utricular macula that starts with middle age. This process can be accelerated by an
untoward event such as trauma or infarction including ear surgery, severe head

acceleration or deceleration such as whiplash injury or high-impact exercises.



BPPV had been reported after condition such major surgery, acute alcoholism
and central nervous system disease, in which the common denominator is prolong

inactivity of the head.

Last factor, 20 percent of BPPV is concomitant ear pathology, usually involving

other manifestations of inner ear trauma.
Clinical Evaluation and Diagnosis.[6,24,26,28]

A diagnosis of benign paroxysmal positional vertigo can be established
definitively by the Dix-Hallpike Maneuver. The physical exam in BPPV patients is
generally normal with the exception of this test. The Dix-Hallpike test is performed by
having the patient lie prone with the head turned approximately 45 degrees to the side
being tested and slightly hanging over the edge of the examining table. During this, the
eye are observed for nystagmus. A normal exam should demonstrate no evidence of
nystagmus, and the patient should experience no vertigo. The diagnostic criteria
includes the occurrence during the Dix-Hallpike test of a characteristic mixed torsional
and vertical nystagmus with the upper pole of the eye beating toward the dependent

ear and vertical nystagmus beating toward the forehead.

The presence of BPPV will elicit vertigo and nystagmus with five major
characteristics :
1. latency of onset, usually 2-6 seconds
2. short duration, usually less than 30 seconds
3. reversibility
4. fatigability
5

direction (torsional)

Throughout the abnormal Dix-Hallpike test, BPPV patient will be fine at the
beginning when getting to the prone position, but after a short latency period of 2-6
seconds, the nystagmus will occur. At the same time, the feeling of spinning will occur

if nystagmus presented. The nystagmus and vertigo may last anywhere from a few
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seconds to a minute. The nystagmus is rotatory movement of the eyes. For those BPPV
of right ear will exhibit nystagmus with a fast phase in the counterclockwise direction
(geotropic nystagmus, upper pole of the eye moving toward the ground). For those
BPPV of left ear, the fast phase of the nystagmus is in the clockwise direction

(geotropic nystagmus).

The reversal of nystagmus can be demonstrated when patient is bought back to
the upright position, but usually in milder degree. This is called reversibility (ie. If patient
has right side BPPV, the right Dix-Hallpike test would produce a counterclockwise
nystagmus. When patient is brought back to the upright position, he will have clockwise

nystagmus of lesser degree).

Repeated Dix-Hallpike test will result in progressively milder degree of both
nystagmus and vertiginous symptom. This is called fatigability. If Dix-Hallpike test was
repeated one can see less intense of nystagmus and less severe of vertigo. By the third
or fourth repetition, the Dix-Hallpike test will demonstrate no evidence of nystagmus

and patient will no longer note vertigo.

Fig 2.2 Dix Hallpike test

The steps for a correct diagnosis of BPPV is base on typical history of positional
rotatory vertigo, postural imbalance and also the presence of a reproducible vertigo
and paroxysmal positioning nystagmus by Dix-Hallpike test which should be performed

under Frenzel’s glasses or during electronystagmography. A precise diagnosis is very
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important in view of specific treatment of this type of vertigo by rehabilitation

theraphy.[24]

Advantages of Dix-Hallpike maneuver

This maneuver has several advantages. One examiner can perform it easily.
The eye movement can be recorded through electro-or video-oculography, or simple

observed using Frenzel glasses.

Disadvantages of Dix-Hallpike maneuver

This maneuver also has some disadvantages. First, many patients have
difficulty relaxing enough to allow brisk passive movement of the head backward for
fear of eliciting vertigo. Secondly, the patient need cervical range of motion within
functional limits and enough range in the trunk and hips to lie supine. Many patients are
difficult to test as a result of musculoskeletal limitation or obesity. Lastly, the

biomechanics of the maneuver could strain the clinician’s back.

Contra indication for Dix-Hallpike maneuver

Limitations in passive or active range of motion preclude testing some patients

suspected of BPPV with Dix-Hallpike maneuver includes.[28,29]

a) Severe cervical sponlylosis

b) Post cervical injury or operation

c) Cervical instability

d) Musculoskeletal limitations ie. rheumatoid arthritis, obesity

e) Relative contraindication in vertebrobasilar insufficiency



12

Analysis Data from Thai Physician [30]

Analysis of the survey data from Thai physicians during the contemporary
management strategies for vertigo meeting, in 2004 revealed that most of physicians
(including otolaryngologists, neurologists, and family doctors) felt uncomfortable with
Dix-Hallpike test in those especially with severe cervical spondylosis or undergone
cervical spine injury or operation. They also commended on the limitation of Dix-
Hallpike test which need well trained physicians (42 percent). Ninety percent of

physicians looked forward to another more comparable test. (test 2.2)

Table 2.2 the opinion of Thai Physicians regard to Dix-Hallpike test.

Reason not doing Hallpike maneuver

Frequency Percent
Never be trained 1 3.85
Too difficult, take long time 21 80.77
Afraid of complication 4 15.38
Tatal 26 100.00
Limitation of Dix-Hallpike test
Frequency Percent
Can be use only well trained ENT 21 42.00
Can be use generally 25 50.00
Too complicate, should have another test 4 8.00

instead

Total 50 100.00




Contraindication of Dix-Hallpike test

13

Frequency Percent
Severe cervical spondylosis 11 40.74
Vertebral-basillar insufficiency 1 3.70
Recent cervical injury or operation 15 55.56
Total 27 100.00
If there is another test can be used instead of Dix-Hallpike test
Frequency Percent
Agree 16 31.37
Agree if sensitivity and specificity have been 30 58.83
test
Disagree 5 9.80
(Dix-Hallpike test is complete do not need
another test)
Total 51 100.00

Laboratory recordings

Rotatory eye movement during Dix Hallpike test cannot be directly identified by
electronystagmography (ENG). Because ENG detects eye movement centering on the
dipole through the pupil, the tracing pattern of:the nystagmus varies with the gaze
positional of the pupil. The harizontal channel tracing of nystagmus in the BPPV patient
shows the fast phase directed toward the uppermost ear whenever the volitional
pupillary position:is inferior to the axis-of rotation. However, the nystagmus of BPPV
subject is more rotatory component that is very difficult to record by ENG. So the ENG
is not recommend to be a standard laboratory recording. Infrared
videoelectronystagmography is more useful for the test. The eyes can be recorded

directly through this method.[24,26,27]
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Side-lying test

Although Dix-Hallpike test is the gold standard test for BPPV. This maneuver
has several disadvantages and there is some contraindication to perform this. The
need for alternative test that is more simple to perform, adaptable for patients with
limited range of motion or who has difficulty relaxing. The Side-lying test or Side-lying
maneuver which also stimulates the posterior semicirlar canal using different

biomechanics is performed by briskly laying the patient on the side. (fig 2.3)

Fig 2.3 Side lying test
There is only one study that compare the side-lying test and Dix-Hallpike
test.[29] In this study only 29 BPPV patients are reviewed from 61 study subjects.
These was no mention-why-others-were drop-out.-The technique used in this study was
ENG (Electronystagmography) and the timing of each test (Side-lying and Dix-Hallpike
was only 5 minutes). Also, There was no statistic report concerning the accuracy of the
Side-lying test (ie. Sensitivity, specificity, likehood ration) as recommend by the STARD

statement for reporting studies of diagnosis test.[31]

Therapy for Benign Paroxysmal Positional Vertigo [5,11,12,13,14]

Vestibular habituation exercise or the repositioning therapy are an effective
treatment for patient with typical BPPV. Pharmacologic treatment with vestibular
suppressant is generally ineffective.[32] Surgical interventions-singular neurectomy and
posterior semicircular canal occlution are effective, but are reserved for patient with

intractable conditions who do not respond to conservative treatment.[ 33,34]
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There are three basic repositioning therapy for BPPV, each with its own
indications for use : canalith repositioning, Liberatory and Brandt-Daroff habituation
exercise (Epley, 1992 ; Semon et al, 1988; Brandt and Daroff, 1980). Many studies on

the efficacy of these treatment demonstrated that all three treatment facilitate recovery.

Canalith repositioning Procedure (CRP)

This therapy is based on the theory of canalithiasis that the transient nystagmus
is exclusively caused by densities moving freely in the endolymph of a semicircular
canal. CRP was instituted at the Portland Otologic clinic in 1979 as the treatment of
choice for BPPV. The rational of CRP.is depend on the moving of the debris (canaliths)
particle to migrate by gravitation completely out of the PSC, by way of the common
crus, to the utricle, where they no longer would affect the dynamics of the semicircular
canals. The timing of CRP is based on ongoing observation of the induced nystagmus
by Dix Hallpike test, which reflects the direction and rate of induced canalith migration.
An oscillation device is applied throughout the procedure to minimize adherence of the
canaliths and decrease their angle of repose relative to the side walls of the
semicircular canal. The 5 position cycle for treatment of BPPV with classic nystagmus is
illustrated in fig 2.4 This procedure is repeated until no nystagmus is observed during

the last cycle, or until no progress is apparent in the last two cycles.

Epley’s initial publication on the use of bedside treatment for BPPV reported an
80 percent success rate after a single treatment an.a 100 percent success rate when
there was more than one treatment session. Other following clinical trial reported

success rate that rang from 44 percent to 88 percent.[5,11,14,35,36]
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\
Endolymphatic
duct |

Fig 2.4 Positional for CRP

Semont maneuver

In 1988, Semont et al introduced a single libratory maneuver[37] (fig 2.5). This
maneuver require only a single sequence, making them preferable to the multiple
repetitions over other repositioning maneuver. Fig 2.5 illustrates the semont maneuver
in a patient with typical (posterior canal) left-side BPPV. The clot causes no defection of
the cupula in the upright position. When the patient quickly tiled toward the affected left
ear with a 45  head rotation to ‘the right (moving- the left posterior canal to a plane
corresponding to the plane of the head tilt), the clot gravitates toward.the lower part of
the canal, causing the cupula to deflect downward (ampulofugal), and triggering a
typical BPPV attack. If the patient is swung toward the opposite right-side with the nose
down, the clot will gravitate downward, causing stimulation of the posterior canal of the
affected ear. The patient is then slowly moved to the upright position, the clot will
gravitate downward through the common crus of the posterior and anterior canals and
enter the utricular cavity, where it becomes harmless. Semon et al recommended

having the patient maintain the upright position for 48 hours following the therapy.[37]
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Fig 2.5 Semont maneuver

Brandt-Daroff exercise

This exercise requires the BPPV patient to more repeated into the provoking
position several times a day. Remission of vertigo occur in 95 percent, however

recovery is gradual and may take several weeks.[13]

Fig 2.6 Brandt-Daroff exercise

The patient moves quickly into the side-lying position on the affected side and

stays in that position until the vertigo stops and an additional 30 second. The patient
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then sits up and wait for the vertigo to subside. The patient then repeats the movement
to the opposite side, stay there for 30 seconds, and sit up. The entire treatment is
repeated several times, usually three times a day until the patient has 2 days with no

vertigo.(fig 2.6)

In conclusion, there are three highly effective therapy for BPPV. The Epley
maneuver and Semont Liberatory maneuver are easily performed by a physician. The

Brandt-Daroff exercises are simple for patient use.

Summary

BPPV is the most common cause of vertigo, particularly in elderly. By age 70,
about 30% of all elderly subjects have experienced BPPV at least once. This condition
is characterized by brief attacks of rotatory vertigo and concomitant positioning rotatory

nystagmus which are elicited by rapid changes in head position relative to gravity.

There are two theory regarding to pathophysiology of BPPV. Cupulolithiasis and
Canalithiasis. Cupulolithiasis theory by Schuknecht who discover basophilic particle or
densities that were adherent to the cupula and poslulated that the posterior
semicircular canal (PSC) was rendered sensitive to gravity by these abnormal dense
particles.[3,4] Another theory is Canalithiasis by Epley. This theory consist of free-
moving densities in the PSC rather than fixed densities attacked to the cupula. While
the head is tilted backward, the particles are rotated up approximately 90 degree along
the arm of the posterior semicircular.canal. These cause the endolymph to flow away

from'the cupula and causes the cupula to be deflected and produces nystagmus.[8,9]

The steps for a correct diagnosis of BPPV is based on typical history of
positional rotatory vertigo, postural imbalance and also on the presence of a
reproducible vertigo and paroxysmal positioning nystagmus by Dix-Hallpike test which
should be performed under Frenzel’s glasses or during electronystagmography (ENG)
recording. A precise diagnosis is very important in view of specific treatment of this

type of vertigo by rehabilitation therapy.
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The current gold standard of diagnosing BPPV is the Dix-Hallpike test.[1,3] The
maneuver is performed by rapidly placing the patient in the lateral supine position with
the head hanging below the level of the horizontal plane. This position causes the
endolymph to flow away from the ampulla and causes the cupula to be deflected and
produce nystagmus. The result is considered positive if the position elicits rotatory
nystagmus and vertigo that last for less than 1 minute, are fatigable and are associated
with a several seconds latency. When the patient sits up, secondary nystagmus could
occur. The special and temporal characteristics of the provoked nystagmus are crucial

for diagnosis BPPV.[24,28,29]

Although, the Dix-Hallpike maneuver is mandatory for diagnosis BPPV, there
are many limitation to perform this test. Many patients who have cervical spine problem
i.e. severe cervical spondylosis, post cervical spine injury or surgery, musculoskeletal
limitations, obesity or in patient who have difficulty relaxing enough to allow brisk

passive movement of the head backward for fear of eliciting severe vertigo.

Analysis of the survey data from Thai physicians during the Contemporary
management strategies for vertigo meeting, in 2004, revealed that most of physicians
felt uncomfortable with Dix-Hallpike test in some cases especially those with severe
cervical spondylosis or undergone cervical spine injury or operation. They also
commented on the limitation of Dix-Hallpike test which need well trained physicians.

Ninety percents of physicians look for another more comparable test.[30]

Lateral head trunk tilt or side-lying maneuver which have been introduced by
Cohen is another method to examine BPPV patient. The procedure, adapted from
Nylen, involvce briskly laying the patient on the side which will stimulate posterior

semicircular canal by different biomechanics.

There has been quite only one study regard to alternative test for Dix-Hallpike
maneuver. In this study, the study design was prospective, within group in tertiary care

diagnostic laboratory center. They planed to do prospective, but actually the records
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were reviewed after the test. The data from 61 patients were available only 31 patients.
The explanation of this problem was not clear and there could be some bias
concerning this matter. Additionally, from 31 patients they calculated only 29 patients
that had positive nystagmus. And, only 15 patients had classic response. Furthermore,
eye movements were recorded with electrode (ENG) recording which was
demonstrated in earlier clinical experiences that contribution of electrode ENG to the
diagnosis of BPPV is rather poor, as only half of the cases showed a nystagmus by
recording. Finally, the timing effect could not be excluded in methodology because the
interval between Side-lying and Dix-Hallpike test maneuver was only 5 minutes. The
fatigabitity effect of nystagmus response when doing repeated testing maneuver had
already mention in the literature. Inconclusion, the disadvantages of previous paper
induced bias selecting the population, too small sample size, poor method of

measurement and methodology and- also lack of information on negative tests.

It would be helpful if diagnostic test was all backed by sound date comparing
its accuracy to an appropriate standard.[31,38] In this case, Side-lying test should be
compare with Dix-Hallpike test in disease populations as well as non-disease
population. In study of diagnostic accuracy, the outcomes from test under evaluation
are compared with outcome form the reference standard in this case the Dix-Hallpike
maneuver. The goal of all clinical studies describing the value of diagnostic test should
be obtain data for all possibility (include disease, non disease) without all these data, it
is not possible to answer important questions .concerning the performance of the

tests.[38,39,40,41]



CHAPTER IlI
RESEARCH DESIGN

Research Questions

® Primary research question
What is the diagnostic accuracy of Side lying test for diagnosis Benign
Paroxysmal Positional Vertigo as compare to Dix-Hallpike test?
® Secondary research question
- Are there any difference in the adverse events during and after

performing these two test?

Research Objectives

® Primary objective
To determine sensitivity, specificity, likelihood ratio and others diagnosis
performance of Side-lying test for diagnosis Benign Paroxysmal Positional Vertigo.
When compare with Dix-Hallpike test.
® Secondary objective

- To compare the adverse events of Dix-Hallpike and Side-lying test



CONCEPTUAL FRAMEWORK

Benign Paroxysmal Positional Vertigo

BPPV.

Pathophysiology
“Cupulolithiasis”

“Canalolithiasis”

Dix-Hallpike test Side-lying test

Fig.3.2 Dix-Hallpike procedure Fig3.3 Side—lTng procedure
Positional pystagmus Positional nystagmus

Classic positional nystagmus for BPPV
-~ brief latency (1-5 second)
- limited duration (< 60 second)
- geotropic rotatory nystagmus

- accompany with rotatory vertigo

Diagnosis of BPPV.

Fig 3.1 Conceptual framework
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OPERATION DEFINITION

BPPV benign paroxymal positional vertigo is a disease of semicircular canal
which occurs as an degeneration process. The typical characteristic of disease is

positional vertigo last for seconds.

Dix-Hallpike maneuver (test) is the standard clinical test for BPPV. It is

performed by having the patient lie prone with the head turned approximately 45
degrees to the side being tested and slightly hanging over the edge of the examining
table. During this, the eyes are examined for nystagmus. The findings of classic rotatory

nystagmus with latency and limited duration is concerned pathognomenic. (Figure 2.2)

Side-lying maneuver (test) The patient sits on the bed with the legs over the

side and the head is rotated 45 degrees horizontally away from the labyrinth to be
tested. The patient then quickly lies down on the side opposite to the direction the head
is turned. The patients is asked to report any vertigo and is observed for nystagmus.

(figure 2.3)

Positive test result.  criteria for positive test result includes

—

nystagmus that occur in brief latency (1-5 second)
nystagmus has limited duration (<60 second)

the characteristic of nystagmus has to be geotropic rotatory pattern

K w N

accompany with rotatory vertigo

Nystagmus in defined as involuntary eye movements usually trigger by inner
ear stimulation. It usually begins as a slow pursuit eye movement followed by a fast,

rapid resetting phase.
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Adverse events of the test is the symptom presenting during or after the test

which includes.
® Severity of vertigo
no no serious vertigo
grade | vertigo with nausea
grade Il vertigo with nausea and vomiting
® Neck pain define as
no no neck pain or rout pain
grade | neck pain alone

grade Il neck pain and root pain

Infrared Video Electronystagmography

Infrared Video electronystagmopraphy is a method of recording eye movement

which use infrared laser to record the eye movement during many procedure of testing

and calculate the result by computerized machine.

RESEARCH DESIGN

Descriptive, cross-sectional study, diagnostic test



CHAPTER IV

RESEARCH METHODOLOGY

POPULATION AND SAMPLE

Target population

Dizzy patients

Study population

Dizzy patients with history of positional vertigo who attended the

Dizziness and Hearing clinic, Department of Otolaryngology, King Chulalongkorn

Memorial Hospital, and met all the eligible criteria.

Eligible criteria

® |nclusion criteria

Dizzy patients age from 18 to 80 years old.

Patients who have the dizzy spell onset not more than one
month.

Agree to participate in the study and sign the informed

consent.

® Exclusion criteria

Patients. with neck problem, in whom the hyperneck
extension is contraindicated such as severe neck pain,
severe cervical spondylosis, prolapsed intervertebral disc,
severe rheumatoid arthritis with cervical instability

Dizzy patients who are undertaken antivertigo medication or

central nervous system suppressive drug.

Sample size [38,39]

To determine how many subjects should be recruited in order to meet the

purpose of the study, the sample size calculations are required. Sample size
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calculations require some arbitrary assumptions such as the level of statistical

confidence.

Since BPPV has a significant impact on health-related quality of life and

diagnosis can lead to improve health-related quality of life a lot by effective

repositioning physical therapy. It is expected that sensitivity of the test (side-lying) to

identity BPPV is about 90% with 10% allowable error. In a prevalence study confined to

one population, the formula for calculating sample size using 95% confidence interval

is :[62]

= / 2
n % PQ
d %
n = number of BPPV patients
p = expected sensitivity of test = 0.90
Q=1p

d = accepted error of sensitivity =0.10

Where « = type | error =0.05
Z 0.025 = 196
Thus n = (1.96) (0.90x0.1)
(0.1)°
n= 345744

According to our previous study, the data from statistic records of dizzy

patients in Dizziness and Hearing clinic[42], Department of Otolarygology, Faculty of

Medicine, King Chulalongkorn Memorial Hospital, the prevalence rate of BPPV was

about 0.4. Therefore, the required sample size would the be approximately.

Sample size = n

Prevalence

34.5744
0.4

86.43
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There fore, the required sample size would the be approximately = 86 subjects

PROCEDURE

Dizzy patients who come to the Dizziness and Hearing clinic at Department of
Otolaryngology, King Chulalongkorn Memorial hospital, were underwent a complete
examination and bed side vestibular test including ear, nose and throat examination,

oculomotor test, Romberg’s test and tandem gait test.

Patients who met the inclusion criteria were randomly allocated into two groups
by simple randomization. Gr.l, Subjects were first given standard Dix-Hallpike
maneuver, and then were tested with Side-lying maneuver. In group I, subjects were
tested with side-lying maneuver and then Dix-Hallpike maneuvers. In order to eliminate
the timing effect the interval between Side-lying and Dix-Hallpike maneuver was 60

minutes.

Dix-Hallpike maneuvers was performed in standard manner. Each subject head
was turned with the nose pointing 45° toward the side being tested. The subject was
moved briskly into supine-lying, with the neck hyperextended approximately 20° under
ENG eye goggle video-recording. The onset and duration of nystagmus were recorded,
as well as the severity of vertigo and any adverse events of the maneuver. Then, the
patient was asked to sit up ‘and recording of nystagmus and vertigo was done again.

(Fig 3.2)

For Side-lying test, the patient sat on the bed with the legs over the side and the
head was rotated 45 degrees horizontally away from the labyrinth to be tested. The
patient then quickly lied down on the side opposite to the direction the head was
turned. The patient was asked to report any vertigo and was observed for nystagmus.
The onset and duration of nystagmus as well as the symptom of vertigo were recorded
under ENG eye goggle video-recording. Then, the subject was assisted to sit up.(Fig

3.3)
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RESEARCH ADMINISTRATION SHEME

Dizzy patients
® Patient baseline
® Age, gender
® Systemic disease
® Onset of vertigo
Randomly allocated
‘:‘" ““
Gr 1 Dix-Hallpike test Gr I Side-lying test
v Pattern of nystagmus
(60 min) Onset and duration of nystagmus v
) _ (60 min)
Rest Severity of vertigo
) ) Rest
Severity of Neck pain
v v
Side-lying test Dix-Hallpike Test

Figure 4.1 research administration sheme
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OUTCOME MEASUREMENT

Main outcomes : proportions of positive and negative test result of Dix-

Hallpike test and Side-lying test

Test results of Side-lying test (primary outcome)
Test results of Dix-Hallpike test (primary outcome)
Adverse events of Side-lying test (secondary outcome)

Adverse events of Dix-Hallpike test (secondary outcome)

Primary outcome variable

The presence or absence of nystagmus (onset and duration of
nystagmus are recorded under infrared vedio electronystagmography
goggle)

Positive test result defined as typical (Classic) positional nystagmus
response which includes

1. brief latency (1-5 second)

2. limited duration (< 60 sec)

3. nystagmus characteristic of geotropic rotarory nystagmus

4

accompany with rotatory vertigo

Secondary outcome variable

Severity vertigo define as the symptom of dizziness sensation during or
immediate after the two test

no no serious vertigo

grade | vertigo with nausea

grade Il vertigo with nausea and.vomiting

Neck pain is define as
no no neck pain or root pain
grade |  neck pain alone

grade Il neck pain and root pain
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Case record form was generated for each subject and recorded by research

assistant. All the data included:

1. Demographic data , baseline characteristics :

Age (yrs)

Gender

Last vertigo attack
History regard to etiology

Severity of vertigo

2. Main outcomes :

The outcome variables were recorded as

Intra testing findings

Positive test result was judged as the presence of geotropic
rotatory or horizonto-rotatory nystagmus accompany with vertigo
during the test , paroxysmal positional nystagmus had four

characteristic

=

. It was usually delayed in onset (1-5 seconds)

2. It was always transient (duration < 60 seconds)

3. Nystagmus characteristic of geotropic rotatory nystagmus
4

. It was always accompanied by vertigo (rotatory vertigo)

The presence of nystagmus including slow phase velocity and latency were

calculated by electronystagmopraphy computerized machine.

Adverse events
1. Intractable vertigo (No, grade |, grade )

2. Neck pain , root pain (No, grade |, grade Il)



All of the measured variable including administrate variables, baseline variable,

test results and adverse events are tabulated in table 4.1

Table 4.1 summary of measured variable

Variable

Scale

Descriptive statistics

Administrative variables
® Name
® |dentification no

® Address

Norminal
Norminal

Norminal

Baseline variables/covariates

®  Age (yr) Continuous numerical Mean = SD
® Sex Two categorical N (%)

® Last vertigo attack Ordinal categorical N (%)

® Severity of vertigo Ordinal categorical N (%)

® History regard to Dichotomous categorical N (%)

etiology
Outcome variables

® Result of the test Dichotomus categorical

® Severity of vertigo Ordinal categorical N (%)

® Neck pain Ordinal categorical N (%)
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DATA ANALYSIS

General Considerations

The statistical analysis was focused on the accuracy of the new test (Side lying
test) as compare to gold standard test (Dix Hallpike maneuver).

The statistical analysis was performed using SPSS for windows, release 11.0.1

(SPSS, Inc).

Plan for statistical data Analysis
Baseline characteristic
Baseline characteristic (age, gender, when was the last vertigo attack,

occurance of vertigo) will be performed by descriptive statistics.

Primary objective

® Diagnostic performance[40,41,43,44,45]

Statistical analysis was performed to compare the result (whether test positive
or not) of the test between Dix Hallpike test and side lying test and were reported in
terms of sensitivity, specificity, positive prediction value, negative predictive value,

accuracy and likelihood ratio.

Gold Standard (Dix-Hallpike test)

positive negative
Side lying test
" a b
positive
negative c d

Sensitivity is the proportion of positives that are correctly identified by the test.

Sensitivity = ala+c
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Specificity is the proportion of negatives that are correctly identified by the test.

Specificity = d/d+b

95% ClI for sensitivity = (a/a+tc) +1.96 (a/a+c)(c/a+c)
a+tc

95% ClI for specificity = (d/b+d) + 1.96\] (d/b+d)(b/b+d)
b+d

Positive predictive value is the proportion of patients with positive test results

who are correctly diagnosed.

positive predictive value = alat+b

Negative predictive value is the proportion of patients with negative test results

who are correctly diagnosed.

negative predictive value = d/d+c
Accuracy = a+d
atb+c+d
Likelihood ratio= Prob (positive test / disease) =

Prob (positive test / no disease)

= a b
(a+c)/ (b+d)

® Adverse events of the test

Secondary objective

Sensitivity

1-Specificity

The adverse events of the test including severe vertigo and neck pain will be

reported and compared as percentage of cases.
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ETHICAL CONSIDERATION

This study was conducted in accordance with the ethical principles and was
approved by the ethical committee of Faculty of Medicine, Chulalongkorn University

All the subjects were thoroughly informed prior to recruitment into the study
concerning the following items:

® Purposes and method of the study

® Qutcome and benefits of the study

® Any possible side effects

® Patients’ right to refuse to participate in the study or withdraw from the study

at anytime, without affecting their proper medical care.

The informed consent document containing a statement defining that the

consent was freely given and had to be sign for every subject. (Appendix I)



CHAPTER V
RESULT OF THE STUDY

Baseline and Demographic data

From nighty-two dizzy patients who met the eligible criteria, only 86 were
enrolled into the study during April 2005-Febuary 2006 at Department of
Otolaryngology, Faculty of Medicine, Chulalongkorn University. Six patients were
dropped because four of them could not wait for long process, other two developed
other significant and unrelated health condition a. Among 86 patients in the final
sample, 60 were female and 26 were male. The rang of age was 19-79 years old with
mean of 54.1 years (table 5.1), Other baseline characteristics included the last vertigo
attack, occurrence of vertigo and any history regard to etiology were shown in table 5.1
in form of percentage in each group

Table 5.1 Baseline characteristics and demographic data

Characteristics
Number of subject 86
Age in years (mean + SD) 54.1+13.9
Min = 19, Max = 79

Sex male (number (%)) 26 (30.2%)

female (number (%)) 60 (69.8%)

female : male 2.3:1
Side right (number (%)) 44 (51.2%)

left (number (%)) 42 (48.8%)

When was the last vertigo attack

<3 days 25 (29.1%)
3-7 days 19 (22.1%)
1-2 weeks 33 (38.4%)
>2 weeks 9 (10.5%)

Occurance of vertigo
once a day 17 (19.8%)
many times 58 (67.4%)

just come only once 11 (12.8%)



Table 5.1 Baseline characteristics and demographic data (cont.)
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Characteristics

Any history regard to etiology

no 83 (96.5%)
previous head trauma 3 (3.5%)
Table 5.2 age distribution of patients
Age group Number of
Percent
(years) cases
1 <20 1 e
2 20-29 4 4.7
3 30-39 5 5.8
4 40-49 23 26.7
5 50-59 23 26.7
6 60-69 18 20.9
4 70-79 12 14.0
Total 86 100.0

Table 5.2 Shows age distribution in the study group. Predominant age range

are 40-49 (26.7%), 50-59 (26.7%) and 60-69 (20.9%). The distribution of age can also

be seen by histogram 5.1
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30

<50 =33

250 = 53

1.0 2.0 20 4.0 5.0 kL0 .0

Histogram 5.1 age distribution

Outcomes Analysis

Primary objective analysis

Outcomes performance

86 study subjects were tested by using Dix Hallpike test as a gold standard and
by side-lying test as a new diagnostic test. Dizzy subjects with present nystagmus were
classed as positive -cases, and-those found rabsent nystagmus were classed as

negative cases.

The number of dizzy patients and BPPV patients diagnosed by Dix Hallpike test

were shown in table 5.3

There were 44 cases who had positive test result both Dix-Hallpike and Side-
lying test. As well as those 33 negative cases in both tests. The 4 cases of negative Dix
Hallpike test but positive Side lying test result includes 2 cases of lateral canal BPPV,

one cases of Meniere’s disease and one case of vestibular neuritis.



Table 5.3 Result of the tests
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Dix Hallpike (gold standard)
Side lying test Total
Positive disease Negative disease
Positive result (a) 44 (b) 4 48
Negative result (c) 5 (a) 33 38
Total 49 37 86

The diagnostic performance

The sensitivity is the proportion of positive that are correctly identified by the test

Sensitivity = a/a+c = 44/(44+5) = 0.898 = 89.8 percent

The specificity is the proportion of negative that are correctly identified by the test

Specificity = afa+b = 33/ (4+33) = 0.892 = 89.2 percent

Other diagnostic performance are shown in table 5.4

Table 5.4 Diagnostic performance

Diagnostic characteristics

Percentage

Sensitivity a/(a+c) 89.8 (81.3 t0 98.6)
Specificity d/ b+d 89.2 (79.2 t0 99.2)
Accuracy (a+d)/(a+b+c+d) 89.5
Positive predictive value (PPV) a/(a+b) 91.7
Negative predictive value (NPV) d/(c+d) 86.8

8.3

Likelihood ratio

a / b’ Sensitivity
a+c/ b+d 1—spec

The sensitivity of Side-lying test using Dix-Hallpike test as. the gold standard

was relatively high (89.8%) as well as the specificity (89.2%). The probability that the

subjects with a positive test result would have benigh paroxysmal positional vertigo

(positive predictive value) was 91.7% and the probability that an individual with a

negative test result would not have benign paroxysmal positional vertigo (negative

predictive value) was 86.8%. The chance of test positive if the subject has disease

(likelihood rotio) is 8 times to the chance of a positive result of the subject does not
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have disease. A high likelihood ratio for a positive result reveals that this test provides

beneficial information.

The Prevalence of BPPV

Prevalence = (44+5)/(44+4+5+33) = 0.57 = 57 percent

False positive rate = 4/(4+33) = 0.108

False negative rate = 5/(44+5) = 0.102

By using Dix-Hallpike test as the gold standard, the prevalence of beign
paroxysmal positional vertigo in this study was 57 percent, False positive rate is 10.8

percent and false negative rate is 10.2 percent.

Sub-group analysis

When we divided the patients into two groups according to their age whether
they are younger than 50 years old (<50) or equal and older than 50 year old (50-80
years old). The diagnostic performance was analyzed in 33 dizzy patients in gr |. and

53 patients in group .

The test result of gr | and gr Il were shown in table 5.5

Table 5.5 outcome findings in gr | (age < 50 years old)

Dix Hallpike (gold standard)

Side lying test Total
Positive disease Negative disease
Positive result 11 0 11
Negative result 3 19 22
Total 14 19 33




Table 5.6 outcome findings in gr Il (age >50 years old)
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Dix Hallpike (gold standard)

Side lying test Total
Positive disease Negative disease
Positive result 33 4 37
Negative result 2 14 16
Total 35 18 53
Table 5.7 Diagnostic performances of two groups.
Age < 50 Age = 50
Characteristic of test
(percent) (percent)
Sensitivity 78.6 94.3
Specificity 100.0 77.8
False positive rate 0.0 22.2
False negative rate 21.4 5.7
Accuracy 90.9 88.7
Positive predictive value (PPV) 100.0 89.2
Negative predictive value (NPV) 86.4 87.5
Prevalence 42.4 66.0

The diagnositic performance of patients in group | (age <50) demonstrated that

the specificity of the side-lying test is very high (100 percent) and the faise positive rate

was zero. Also the positive predictive value was 100 percent.

In group 1l (age > 50), the sensitivity of the test is higher than gr I, but the

specificity is lower. There is still high false positive rate (22.2 percent)in this group.

The prevalence rate of disease (BPPV) was 42.4 percent in group | and slightly

higher in group Il (66 percent).

Secondary objective analysis

The secondary objective is to compare adverse events of Dix-Hallpike test and

Side-lying test.
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Table 5.8 shows the adverse event as define by severity of vertigo during the

test and neck pain and root pain.

Table 5.8 Summary of adverse events

Adverse events Dix-Hallpike test Side-lying test

Severity of vertigo

® No (number (%)) 74 (86.1%) 76 (88.4%)
® grade | 12 (18.9%) 10 (11.6%)
® grade Il 0 (0%) 0 (0%)
neck pain
(0] 0]
® o (number (%)) 85 (98.8%) 86 (100%)
1(1.2% 0 (0%
® gradel T (0%)
0 (0%) 0 (0%)
® grade Il

Severity of vertigo during the test is slightly higher during Dix-Hallpike test
(13.9%) as compare to side-lying test (11.6%).

Another side effect of the test is neck pain. During the Dix-Hallpike test, one
patient complaint of neck pain (1.2%). There is no adverse event regarding to neck

pain during the Side-lying test.




CHAPTER VI
DISCUSSION

Baseline and Demographic data

Similar to other studies[4,6,17,19] in the literature, the average age of BPPV in

this study was 54.1 yrs and more BPPV patients in advance age group.

The characteristic epidemiologic features of BPPV as shown in table 5.1. The
age distribution is range from 19 year old to 79 years old. The predominant age
distribution was 40 to 50 and 50 to 60 and the trend was more parentage of BPPV in

older age than in younger age.

According to gender distribution, The female preponderance of BPPV was
previously observed by Katsarkas and Kirkham [15] of their 255 cases, 175 were
females and only 80 were males. In this study, female outhumbered male 2.3 to 1.
Possibly, hormonal facter are important in the cause of idiopathic BPPV. Assuming that
Schuknecht's cupulolithiasis -theory is correct, metabolic changes in the calcium
carbonate crystals of the otolithic membrane in females could be important in the
pathophysiology of BPPV. There was no side predominance.

Of our 86 patients, three (3.5 percent) reported having head trauma before the
onset of symptoms and the diagnosis of BPPV. Similarly, 17 percent of the patients
described by Katsarkas and- Kirham [15] and 18 percent of those in baloh and
associated.study [17] had prior head trauma. From this study design, however did not

allow as to address the relative risk of BPPV associated with prior head trauma.

Discussion of outcome analysis [48,49,50,51]

The purpose of this study is to determine the diagnostic accuracy of side-lying

test for diagnosis BPPV using the Dix-Hallpike as a gold standard.
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To determine how good of diagnostic test depends on the ability of the test to
differentiating disease from non-diseased subjects. The fundamental way to consider is
that where patients can be classified into two groups according to the result of Dix-
Hallpike test, as the positive or negative of disease. Table 5.3 , which shows the relation
between test of interest here is how good is the side-lying test at diagnosis of benign

paroxyscl positional vertigo.

Firstly , to compute the proposition of patients with presence and absence
disease diagnosed by Dix-Hallpike maneuver. There are 49 positives and 37 negative.
The proportions of there two groups that have correct diagnosis on side-lying test are
44/49 = 0.898 (sensitivity) and 33/37 = 0.892 (specificity) respectively. The accuray of
side-lying test is 89.5 percent. Therefore, we can say that from this study, one would
expect nearly 90% of patients with benign paroxysmal positional vertigo to have
positive side-lying test, as well as nearly 90% of those with no disease would have
negative side-lying test. There rang of 95% CI for the sensitivity (81.3-98.6) and
specificity (79.2 to 99.2) are relatively wide. These could be due to the sample
population. If the number of sample is increased, one can expact to see the 95% CI of

sensitivity and specificity more narrow.

However, the main point of a diagnostic tool is to use it to help making a
diagnosis, so we need to know what is the chance of the test giving the correct result,
whether it is positive or _negative. The sensitive and specialty do not give this
information. 'So ‘one should approach the data from the direction of the test

result.[46,47,48]

Of the 48 subjects with positive side-lying test, 44 had benign paroxysmal
positional vertigo. Therefore the positive predictive value or the proportion of subjects
with positive test result who are correctly diagnosed is 44/48 = 0.917 Likewise, among
the 38 subjects with negative side-lying test the proposition of correct diagnose was

33/38 = 0.868.
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From this study, side-lying test give a rather high positive predictive value and
negative predictive value. This mean that it is useful in clinical practice. Nevertheless,
the predictive value are depend on the prevalence. The prevalence of benign
paroxysmal positional vertigo in this study was relatively high (57 percent). Thus,
making the predictive value are very high value. In other clinical setting where the
prevalence of BPPV is not as high as this sitting, the predictive values might be

deferent.

At last, the likelihood ratio which defined as the likelihood of that test result in
the diseased group divided by likelihood of the same test result in the non-diseased
group. Likelihood expresses how many times more (or less) likely a test result is to be

found in disease, compared with non diseased population.[48]

The positive likelihood ratio in this study is 8.3 which verified that an individual
with BPPV is 8.3 times more likely to have test positive than in normal population. This
high likelihood ratio for a positive result has verified that side-lying test provides useful

information.

Subgroup analysis

Benign proxysenal positional vertigo are the most common vestibular disorder.
In one cohort study, thetmean age at onset was 54 years, with a range of 11 to 84
years[4,6]. Many other study found that BPPV associated with old age or caused by
degeneration. In this study, we found the mean age was approximatly 54.1 years like

other study and the age range was between 19-79 years.

Considering the age effect, we had divided dizzy subjects into two group
according to their age. Group | age range from 19 to 50 years old, and group Il age is
equal or above 50 years. We decided the age cut off point is 50 years old because
when we consider that BPPV is more affected middle to old age group and it is more

likely to effect female. So it could be related to hormonal deficiency in menopausal

group.
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The diagnostic performances in group | were high specificity, zero false positive
rate and very high positive predicative value. These means that if one whose age below
50 years had a positive side lying test, one probable had a high chance to has BPPV.
However if this test is used as the screening test for diagnosis BPPV in dizzy

population. It is suitable for people age above 50 (higher sensitivity)

The prevalence of disease was different in two groups. The higher incidence
was found in those whose age is equal or above 50 years similar to other study that
BPPV is usually occurred in middle to old age populaition. However, the subgroup
analysis was not planned before study, all the result and interpretation of the analysis

should be considered carefully.

Secondary objective analysis

When compare the adverse events between Dix-Hallpike test and side-lying
test, there is slightly difference regarded to the severity of vertigo. During Dix-Hallpike
maneuver, some subjective experienced feeling of severe vertigo (13.9%), slightly
lighter than during the side-lying test (11.6%)

As the neck pain during the test was concerned, there is only one case

reported during Dix-Hallpike maneuver (1.2%)

The adverse events during the two tests is not statistically significant. This could
be due to the small number of the subjects or because of the exclusion criteria that we

excluded the dizzy subjects who had cervical spondylosis or neck problem.

Limitation

This study may have limitation on generalizability. Firstly, because the study
was performed at the Dizzy clinic, department of Otolaryngology, Faculty of Medicine,
Chulalongkorn University which is the tertiary care center. The prevalance rate of BPPV

is relatively high compare to general outpatient clinic. Secondly, to study diagnostic
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performance of a test the tester or who interpretrate the result should be blind. In our
study, even the result is computerized by electronystagmography machine, still needed
interpretor decide whether the test is positive or negative. Moreovers, we could not
blind the examiner who performed the test.

All of these have some power on the result of the diagnositic performance of the

test.

CONCLUSION

The sensitivity, specificity, accuracy as well as other diagnostic performance of
Side-lying test is relatively high for diagnosis benign paroxysmal positional vertigo use

Dix Hallpike as a gold standard.

The information obtained from this study yields Side-lying can be alternative
choice for diagnosis BPRV if Dix Hallpike is contraindicate. The adverse events during
these two test procedure were not much different including the neck pain. However , all
the subjects in this study had no history of neck problem (ie. cervical spondylosis, neck

injury or sergery, limitation of neck movement).

Further study which aims to demonstrate the usefulness of Side-lying test in
those who have neck problem is recommended to evaluate whether Side-lying test is

an perfect alternative to Dix Hallpike test in that situation or not.



REFERENCES

1. Dix R, Hallpike CS. The pathology, symptomatology and diagnosis of certain
common disorder of the vestibular system. Proc R Soc Med 1952 ; 54 : 341-54
2. Kroenke K, Lucas CA , Rosenberg ML , et al. Causes of persistent dizziness : a
prospective study of 100 patients in ambulatory care. Ann Intern Med. 1992 ;
117 : 898-904
3. Drachman DA, Hart CW. An approach to dizzy patient. Neurology 1972 ; 22 :
323-34
4. Nedzelski JM , Barber Ho , Mcllmoy L. Diagnoses in a dizziness unit. J
Otolaryngol 1986 15 : 101-4
5. Asawavichianginda S, Isipradit P, Sndvongs K, Supiyaphun P. Canalith
repositioning for benign paroxysmal positional vertigo : A randomized,
controlled trial. Ear Nose & Throat J ; 2000 ; 75(9): 732-7
6. Froehling DA, Silverstein MD , Mohr DN , Beatty CW', Offord KP , Ballard DJ.
Benign positional vertigo : incidence and prognosis in a population-base study
in Olmsted country , Minesota , Mayo Clin Proc. 1991 ; 66 : 596-601
7. Hall SF, Ruby RR, Mc Clure JA. The mechanics of benign paroxysmal vertigo. J.
Otolaryngol 1979 ; 8 : 151-8
8. Epley JM. Positional vertigo related to semicircular canalithiasis. Otolaryngol Head
Neck Surg 1995 ; 112 : 154-67
9. Parn LS, Mc Clure JA. Free-floating endolymph-particles : a new operative finding
during posterior semicircular canal occlusion. Laryngoscope 1992 ; 102 :
988-92
10. Welling DB, Parn LS, O Brien B, Bakalitz LO, Brackmann DE, Hinojosa R.
Particulate matter in the posterior semicircular canal. Laryngoscope 1997 ;
107 : 90-4
11. Epley J. The canalith repositioning procedure : for treatment of benign paroxysmal
positional vertigo. Otolaryngol Head Neck Surg 1992 ; 107 : 399-404
12. Furman JM, Stephen P. Benign Paroxysmal Positional Vertigo. N Eng J Med 1999 ;
341 :1590-6



13.

14.

15.

16.

17.

18.

19.

20.

21

22.

23.

24.

25.

26.

48

Brandt T, Steddin S, Eng D, Daroff R. Therapy for benign paroxysmal positioning
vertigo.Revisited Neurology 1994 ; 44 : 796-800

Beynon GJ. A review of management of benign paroxysmal positional vertigo by
exercise therapy and by repositioning maneuver. Br J Audio 1997 ; 31 : 11-26

Katsaskas A, Kirkham TH. Paroxysmal positional vertigo — a study of 255 cases
J. Otolaryngol 1978; 7 : 320-30

Mohr DN. The Syndrome of paroxysmal positional vertigo : a review. West J Med
1986 ; 145 : 645-50

Baloh RW , Honrubia V', Jacobsun K. Benign positional vertigo : clinical and
oculographic features in 240 cases. Neurology 1987 ; 37 : 371-8

Bojrab DI. Bhansali SA, Rattisla RA. Peripheral vestibular disorders. In : Jackler
RK', Brackmann DE , eds. Neurotology. ST Louise : Mosby 1994 ; 629-50.

Mizukoshi K, Watanabe Y, Shojaku H, Okubo J, Watanabe J. Epidemiological
studies on benign paroxysmal positional vertigo in Japan. Acta Otolaryngol
Suppl. (Stockh) 1988 ; 447 : 67-72.

Bloom J, Katsarkas A: Paroxysmal positional vertigo in the elderly. J Otolaryngol

1989 ; 18: 19-98.

. Gacek R. Transection of the posterior ampullary nerve for the relief of benign

paroxysmal positional nystagmus. Ann Otol Rhinol Laryngol 1974 ; 83 : 596-
605

Money K, Myles W. Heavy water nystagmus and effects of alcohol. Nature 1974 ;
247 : 404-5.

Epley JM : New dimensions of benign paroxysmal pasitional vertigo. Otolaryngol
Head Neck Surg 1980 ; 88 : 599-605

Norre ME. 'Diagnostic problems in patients with benign paroxysmal positional

vertigo. Laryngoscope 1994 ; 104 : 1385-8

Gianoli GJ. DDX : Fluctuating vestibular disease. In : Goebel JA. Practical
management of the dizzy patient. Lippincott Williams & Wilkins Inc.
Philadelphia. 2001 ; 211-5

Baloh RW , Sakala SM , Honrubra V. Benign paroxysmal positional nystagmus. Am

J Otolaryngol 1979 ;1 : 1-5



27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

49

Nylen CO. Paositional nystagmus : a review and future prospects. J Laryngol Otol
1950 ; 64 : 295-318

Humphriss RL, Bagnley DM, Sparkes V, Peerman SE, Moffat DA. Contraindications
to the Dix-Hallpike maneuver : a multidisciplinary review. Int J Audiol 2003 ;
42(3) : 166-73

Cohen HS, Alford BR. Side-lying as an Alternative to the Dix-Hallpike Test of
posterior canal. Otology & Neurology 2004 ; 625(2) : 130-4

Asawavichianginda S. Data from attending physicians during Contemporary
management strategies for vertigo metting, Facculty of Medicine,
Chulalongkorn University, 2004. unpublished data

Bossuyt et al : The STARD statement for reporting studies of diagnostic accuracy
. explanation and deboration . Clinical chemistry 2003 ; 49(1) : 7-18

McClure JA, Willett JM. Lorazepam and diazepam in the treatment of benign
paroxysmal vertigo. J Otolaryngol 1980; 9: 472-7

Silverstein H. Singular neurectomy : A treatment for benign positional vertigo. In :
Brackman DE, ed. Neurological Surgery of the Ear and Skull Base. New York :
Raven Press, 1982 : 331-5

Pulee JL. Ablation of posterior semicircular canal for benign paroxysmal positional
ertigo. Ear Nose Throat J 1997; 76: 1722-4

Lynnn S, Pool A, Rose O, Brey R, Suman V. Raudomized trial of the canalith
positioning procedure. Otolaryngol Head Neck Surg 1995; 113: 712-20

Parnes LS, Price-Jones RG. Particle repositioning maneuver for benign paroxysmal
sitional vertigo. Ann Otol Rhinol Laryngol 1993; 102: 325-31

Semont A, Freyss F, Vitte P. Curing the BPPV with a liberatory maneuver. Adv.
torhinolaryngol 1998; 42: 290-3

Sackett DL, Haynes RB. The architecture of diagnostic research. In : Knottnerus
A, ed. The evidence base of clinical diagnosis. London : BMJ Publishing
Group 2002 : 19-38

Jaeschke R., Guyatt G, Sackett DL. Users’ guides to the medical literature [l How
to use on article about a diagnostic test : Are the results of the study valid?

Evidence-Based Medicine Working Group. JAMA 1994 ; 271 : 289-91



40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

50

Reid MC, Lachs MS, Feinstein AR. Use of methodological standards in diagnostic
test research. Getting better but still not good. JAMA 1995 ; 274 : 645-51

Bossuyt RM, et al 9 for the STARD group. Towards complete and accurate
reporting of studies of diagnostic accuracy : the STARD mitia - Family
Practice 2004 ; 21:4-10

Asawavichianginda S, Isipradit P, Vaewvichit K. Data from statistic records of dizzy
patients, Dizziness and Hearing clinic, Neuro-Otology Unit , Department of
Otolaryngology. Chulalongkorn Memorial hospital 2004, Unpublished data

Altman DG. Improving the quality of statistics in medical journals. In : Gore SM,
Altman DG. Statistics in Practice. London :British Medical Association ; 1982
16(3) : 21-4

Altman, DG. Some common problems in medical research. In: Altman DG
.Practical statistics for medical research London: Chapman & Hall ; 1999 : 396-
426

Fletcher RH, Fletcher SW, Wager EH. Clinical epidemiology. The essential 2" ed.
Baltimore : William & Wilkins, 1988 : 42-75

Sheps SB, Schech MT : The assesment of diagnostic tests. A survey of current
medical research. JAMA 1984 ; 252 : 2418-22

Wasson SH, Sox HC Jr, Nelf RK, Goldman L. Clinical prediction rules. Applications
and methodological standards. N ENG J MED 1985 ; 313 : 793-9

Lijmer JG, Mol BW, Heisterkamp S et al. Empirical evidence of design related bias
in studies of diagnostic test. J Am Med Assoc 1999 ; 282 : 1061-6

Guyatt GH. Tugwell Px, Feeny DH; Haynes RB, Drummond M. A framework for
clinical evaluation of diagnostic technologies. Can Med Assoc J 1989 ; 134 :
587-94

Knottnerus JA, Leffers P. The influence of referral patterns on the characteristics of
diagnostic test. J Clin Epidemiol 1992 ; 45 : 1143-54

Harper R, Reeves B. Reporting of precision of estimates for diagnostic accuracy :
a review. BMJ 1999 ; 318 : 1322-3

Lemeshow S, Hosmer DW, Klar J, Lwanga SK. Adequacy of sample size in health

studies. New York : John Witey & Sons, 1990 : 1-40.



FONUUINYUINNS )
ANRINTUNIINENRE



52

APPENDIX A

PATIENT INFORMATION AND CONSENT FORM
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APPENDIX C

CASE RECORD FORM

Patinitials........cooo Pat No.

Diagnostic accuracy of Side-lying test for diagnosis

Benign Paroxysmal Positional Vertigo (BPPV)

CASE RECORD FORM

Principal investigator

Name . Dr. Saowaros Asavichianginda
Address . Department of Otolaryngology
Chulalongkorn University
Bangkok, Thailand
Telephone . +662 2564103
Fax . +662 2527787
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Patinitials........ooovvii Pat No. Y
Assessmentdata ___ /[
dd mm vy
Eligibility criteria
Inclusion criteria No Yes
B Written informed consent [ 1 [ 1]
" Age 18-80 years (1 []
® Last dizzy spell onset not more than one month [ 1 [ ]
®  Agree to participate in the study and L[] [ ]
sign the informed consent.
Exclusion criteria
®  Neck problem : severe cervical spondylosis, [T [ 1]
Prolapsed intervertebral disc, sevsere rheumatoid arthritis
with cervical instability
®  Undertaken antivertigo medication [ 1 [ 1]
®  Undertaken CNS suppressive drug L] [ ]
Conclusion
®  Patient fulfils all inclusion criteria and L[] []

none of the exclusion criteria
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Pat No.

Assessment data
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dd mm vy

Patient description
Date of birth Y A

dd mm yy
Day ,Month and year at last vertigo attack _

dd mm yy
Sex (M,F) _
Age Yrs.
When was the last vertigo attack [] <3days

[] 3-7days

[1 1-2 weeks

Occurance of vertigo

[] once aday

[1 >2weeks

[] many times a day depend on head position

[] justcome only once
Any history regard.to etiology

[] previous head trauma, when

[] previous ear surgery, when

[] previous ear disease, what

when




Physical examination

Dix Hallpike’s maneuver

Primary outcome

When Lt ear down : nystagmus

character of nystagmus

if nystagmus present

onset (sec) latency

slow phase eye velocity.

[] present  [] absent
[ ] horizontal

[ ] rotatory

[ ] horizontal rotatory

[ ] other

[ ] beating to gravity

[ ] beating opposite to gravity

(sec)

Conclusion of test result
When Rt eat down : nystagmus

character of nystagmus

if nystagmus present

onset (sec)

slow phase eye velocity

latency

[] positive [] negative
[] present [ ] absent

[ ] horizontal

[ ] rotatory

[ ] horizontal rotatory

[] other

[ ] beating to gravity

[ ] beating opposite to gravity

(sec)

Conclusion of test result

Secondary outcome

® Severity of vertigo

[ ] No (no serious vertigo)

[] positive”  [1 negative

[] grade | (vertigo with nausea)

[ ] grade Il (vertigo with vomiting)

® Neck pain

[ ] No (no neck pain and root pain)

[ ] grade | (neck pain alone)

[ ] grade Il (neck pain and root pain)
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Side-lying test

Primary outcome

1) When Lt ear down : nystagmus

character of nystagmus

if nystagmus present

onset (sec)

slow phase eye velocity,

latency

59

[] present [] absent
[ ] horizontal

[] rotatory

[ ] horizontal rotatory

[ ] other

[ ] beating to gravity

[ ] beating opposite to gravity

Conclusion of test result
2) When Rt eat down : nystagmus

character of nystagmus

if nystagmus present

onset (sec) latency

slow phase eye velocity,

(sec)
[] positive  [] negative
[] present  [] absent

[ 1 horizontal

[] rotatory

[ ] horizontal rotatory

[] other

[ ] beating to gravity

[ ] beating opposite to gravity

(sec)

Conclusion of test result

Secondary outcome

® Severity of vertigo

[ ] No (no serious vertigo)

[] positive [] negative

[] grade | (vertigo with nausea)

[ ] grade Il (vertigo with vomiting)

® Neck pain

[ ] No (no neck pain and root pain)

[ ] grade | (neck pain alone)

[ ] grade Il (neck pain and root pain)
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APPENDIX D

The START statement checklist
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Table 1. START checklist of items to the repoeting of studies on diagnostic

accuracy.

Test version , November 2001 . For evaluation purposes only.

Section and Topic

ltem

Describe

Reported
On page #

TITLE/ABSTRACT/
KEYWORDS

The article as a study on diagnostic
accuracy (recommend MeSH heading

‘sensitivity and specificity’)

INTRODUCTION

The research question(s) such as
estimating diagnostic accuracy or
comparing accuracy between tests or

across participant groups

METHODS

Participants

The study population: the inclusion and
exclusion criteria, setting(s) and location(s)

where the data were collected

Participant recruitment: was this base on
presenting symptoms, result from previous
tests, or the fact that the participants had
received the index test(s) or the reference

standard?

Participant sampling: was this a
consecutive series of patients defined by
selection criteria in (3) and (4)? If not

specify how patients were further selected.
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Section and Topic

ltem

Describe

Reported
On page #

Data collection: were the participants
identified and data collected before the
index test(s) and reference standards were
performed (prospective study) or after

(retrospective study)?

Reference standard

The reference standard and its rationale

Test methods

Technical specification of material and
methods involved including hoe and when
measurements were taken, and/or cite
reference for index test(s) and reference

standard

Definition and rationale for the inits, cutoffs
and/or catrgories of the results of the index

test(s) and the reference standard

10

The number, training and expertise of the
persons (a) executing and (b) reading the

index test(s) and the reference standard

11

Whether or not the reader(s) of the index

test(s) and reference standard were blind
(masked) to the results of the other test(s)
and describe any information available to

them

Statistical methods

12

Methods for calculating measures of
diagnostic accuracy or making
comparisons, and the statistical methods
used to quantify uncertainty (e.g 95%

confidence intervals)

13

Methods for calculating test reproducibility,

if done

RESULTS
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Section and Topic

ltem

Describe

Reported
On page #

Participants

14

When study was done, including beginning

and ending dates of recruitment

15

Clinical and demographic characteristics
(e.g. age, sex, spectrum of presenting
symptom(s), comorbidity, current

treatment(s), recruitment center)

16

How many participants satisfying the criteria
for inclusion did or did not undergo the
index test and/or the reference standard,
describe why participants failed to receive
either test (a flow diagram is strongly

recommended)

Reference standard

17

Time interval and any treatment
administered between index and reference

standard

18

Distribution of severity of disease (define
criteria) in those with the target condition;
describe other diagnoses in participants

without the target condition

Test results

19

Across tabulation of the results of the index
test(s) by the result of the reference
standard; for continuous results, the
distribution of the test results by the results

of the reference standard

20

Indeterminate results, missing responses
and outliers of index test(s) stratified by
reference standard result and how they

were handled

21

Adverse events of index test(s) and

reference standard
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Section and Topic ltem Describe Reported
# On page #
Estimation 22 Estimates of diagnostic accuracy and
measures of statistical uncertainty (e.g. 95%
confidence intervals)
23 | Estimates of variability of diagnostic
accuracy between subgroups of
participants, readers or centers, if done
24 | Measures of test reproducibility, if done
DISCUSSION 25 | The clinical applicability of the study

findings
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