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Objective: Patient medical history is important for making a diagnosis of causes of dizziness,
but there have been no studies on the diagnostic value of individual items in the history. This
study was performed to identify and validate useful questions for suspecting a diagnosis of
benign paroxysmal positional vertigo (BPPV).

Methods: Construction and validation of a disease prediction model was performed at the
outpatient clinic in the Department of General Medicine of Chiba University Hospital. Patients
with dizziness were enrolled (145 patients for construction of the disease prediction model and
61 patients for its validation). This study targeted BPPV of the posterior semicircular canals
only with a positive Dix—Hallpike test (DHT + BPPV) to avoid diagnostic ambiguity. Binomial
logistic regression analysis was performed to identify the items that were useful for diagnosis
or exclusion of DHT + BPPV.

Results: Twelve patients from the derivation set and six patients from the validation
set had DHT + BPPV. Binomial logistic regression analysis selected a “duration of
dizziness =15 seconds” and “onset when turning over in bed” as independent predictors of
DHT + BPPV with an odds ratio (95% confidence interval) of 4.36 (1.18-16.19) and 10.17
(2.49-41.63), respectively. Affirmative answers to both questions yielded a likelihood ratio of
6.81 (5.11-9.10) for diagnosis of DHT + BPPV, while negative answers to both had a likeli-
hood ratio of 0.19 (0.08-0.47).

Conclusion: A “duration of dizziness =15 seconds” and “onset when turning over in bed” were
the two most important questions among various historical features of BPPV.

Keywords: benign paroxysmal positional vertigo, likelihood ratio, diagnosis, screening,
prediction rules

Introduction
Patient medical history is considered to be important for making a diagnosis of causes
of dizziness (rotational or nonrotational), which is a common complaint in general
practice.!? This is because a wide variety of diseases can cause dizziness and objective
findings are often lacking on physical examination or when tests are performed.
Benign paroxysmal positional vertigo (BPPV) is the most common type of dizziness
in general practice.>® Although BPPV can affect each of the three semicircular canals,
the majority of BPPV cases are of the posterior canal, and anterior canal involvement
is exceedingly rare. Posterior canal BPPV has been said to account for 60%—90% of
all BPPV cases, and horizontal canal BPPV for 5%-30% of the cases.*'* Therefore,
this study focused on posterior canal BPPV. Important features of medical history
in patients with BPPV include the onset of vertigo due to a change of head position
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and a duration of =1 minute.'>'® To establish a diagnosis
of posterior canal BPPV, characteristic nystagmus should
be confirmed by the Dix—Hallpike test and this is one of
the diagnostic criteria.'® However, in the real-life clinical
setting, characteristic nystagmus often cannot be detected
by the Dix—Hallpike test in patients with a history sug-
gesting BPPV of the posterior canals. It has been reported
that a certain subset of patients may not demonstrate the
typical nystagmus during the Dix—Hallpike test, which has
been termed “subjective” BPPV, and it accounts for about
one-fourth of patients with suspicious BPPV.!*!718 If dizzy
patients likely to have BPPV and a positive Dix—Hallpike test
(which allows a definite diagnosis of BPPV of the posterior
canals) could be identified at an early stage while taking a
medical history, it would make diagnosis of causes of dizzi-
ness more efficient. However, a search of the literature found
no relevant studies.

Accordingly, this study was performed to identify the
most useful information from medical history for predicting
a diagnosis of BPPV with a positive Dix—Hallpike test
(DHT + BPPV).

Methods

This study included outpatients who presented to the
Department of General Medicine of Chiba University
Hospital (hereafter “the department”) with the chief
complaint of dizziness from July 2005 to May 2007 (the
derivation set). Based on a search of the literature, questions
were selections that were considered to be important for
making a differential diagnosis of dizziness and interview
sheets were prepared. The questions covered the mode
of presentation and duration of dizziness, the features of
dizziness (rotational or nonrotational), causative movements,
accessory symptoms such as nausea and vomiting, and
general factors such as the patient’s medical history and
personal habits. All subjects completed the interview sheets
themselves, after which physicians confirmed the details of
the medical history based on the completed interview sheets
and recorded the information thus obtained for subsequent
analyses. The participating physicians had 3—15 years of
experience (mean + standard deviation: 7.4 + 4.3 years), and
all worked for the department.

In general, a clue to the diagnosis of BPPV is a history of
recurrent episodes of rotatory vertigo or a floating sensation
precipitated by certain head positions and movements, usu-
ally lasting from a few seconds to several minutes. A diag-
nosis of posterior canal BPPV can be established definitively
through the Dix—Hallpike test.'¢ In the present study, patients

were judged to be suspicious for BPPV by their medical
history of the mentioned features. A definite diagnosis of
posterior canal BPPV was made on the basis of the diagnostic
criteria described previously.'¢ All patients with a medical
history suggesting BPPV underwent the Dix—Hallpike test
using Frenzel glasses to determine the presence or absence
of characteristic nystagmus with the following features:
horizontal-rotatory nystagmus with a latency of 1-2 seconds
and attenuation within 10-20 seconds, and induction of
vertigo and nystagmus becoming more difficult as the test
is repeated. If patients had nystagmus with all of these fea-
tures, they were judged to have DHT + BPPV, while those
without these features were considered to have a negative
result (DHT — BPPV). Patients with cervical spine disease
or theumatoid arthritis were excluded from the study because
it was considered difficult to perform the required examina-
tions. This study targeted DHT + BPPV only in order to
avoid diagnostic ambiguity. When the cause of dizziness
was difficult to determine, patients were referred to the rel-
evant specialist department. Patients with missing data were
excluded from the relevant analyses.

Using the information obtained from interviews
conducted by the physicians, the relation between each piece
of information and the final diagnosis was analyzed, then
positive and negative likelihood ratios for a diagnosis of
DHT + BPPV along with the 95% confidence interval (CI)
were calculated.

Because BPPV is characterized by vertigo with a short
duration, information about the duration of symptoms was
obtained to clarify whether the dizziness was brief enough
to increase the possibility of a diagnosis of DHT + BPPV
by asking patients to specify the duration of their symptoms
(eg, 30 seconds or 5 minutes).'*

Then the relation between the duration of dizziness and
the presence or absence of DHT + BPPV was examined
by receiver operating characteristic (ROC) curve analysis
and the duration corresponding to the maximum Youden
index was defined as the cut-off point. Patients with a
shorter or longer duration of dizziness than the cut-off value
thus obtained were classified as being positive or negative,
respectively.

To identify useful questions for predicting a diagnosis
of DHT + BPPYV, binominal logistic regression analysis was
conducted using both the step-up and step-down methods.
Inclusion and exclusion of variables was determined based
on likelihood ratios of P < 0.05 and P > 0.1, respectively.
Spearman’s correlation coefficient analysis of the questions
was performed in advance to determine those that should
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be included as variables. If the coefficient exceeded 0.2, it
was considered that there was a correlation between a pair
of items, and only one of them was included in the logistic
regression analysis.

To test the validity of the model thus obtained for
predicting DHT + BPPV, outpatients who presented to the
Department with dizziness from May 2007 to April 2008 were
studied (the validation set). The medical history was obtained
from this set in the same way as for the derivation set.

Based on the regression coefficients obtained with the
resulting logistic regression model, variables were weighted.
By aggregating the scores for the relevant predictive factors,
a predictive score for the diagnosis of DHT + BPPV was
calculated. Then ROC curve analysis of the predictive scores
was conducted. The model was also applied to all subjects from
the derivation and validation sets to test cross validity. When
validation was performed, the data on patients with missing
values for selected predictors were excluded from analysis.

StatsDirect (v 2.7.7; StatsDirect Ltd, Altrincham, UK)
software was employed for calculation of the likelihood ratios
and SPSS (v 15.0; SPSS Inc, Chicago, IL) software for the
other statistical analyses.

Results

Among 3901 patients who first presented to the department
from July 2005 to May 2007, 156 had the chief complaint
of dizziness. Among 1707 patients who first presented to the
department from May 2007 to April 2008, 65 had the chief
complaint of dizziness. This study included 145/156 and
61/65 patients, respectively, who gave informed consent to
participation. The Dix—Hallpike test could be performed in
all of these patients. Clinical characteristics of the subjects
(derivation set and validation set) and details of the final
diagnosis are shown in Table 1. The causes other than BPPV
are also shown in Table 1 and categorized as non-BPPV. Only
one patient from the validation set had both DHT + BPPV
and depression as causes of dizziness. Comparison between
the derivation set and the validation set showed a similar
distribution of mean age, gender, and final diagnoses.

ROC curve analysis of the relation between the duration
of dizziness and the presence or absence of DHT + BPPV
revealed that the maximum Youden Index was located at
15 seconds. Therefore, the cut-off value was set at 15 seconds
and the question “Was the duration of dizziness =15 seconds?”’
was included in subsequent analyses.

Questions that showed significant positive or negative
likelihood ratios for making a diagnosis of DHT + BPPV
are shown in Table 2. Spearman’s correlation coefficient

Table | Characteristics of the subjects (derivation and validation
sets)

Derivation set  Validation set

(N = 145) (N=61)

Mean age, y £ SD 459 %174 487 £ 17.1

Male, n (%) 49 (33.8) 25(41)

Final diagnosis, n (%)*

Peripheral disease 47 (32) 24 (39)
DHT+ BPPV 12 (8.3) 6 (10)
Mean age, y + SD 570+ 17.6 547+ 163
Male 6 (50)° I (17)°
DHT- BPPV 30 (20.7) 14 (23)
Meniere’s disease 3(2.1) I (1.6)
Vestibular neuritis 2(1.4) 3 (4.9)

Psychogenic disorders 56 (39) 18 (30)
Depressive disorder 24 (17) 5(8.2)
Somatoform disorder 12 (8.3) I (1.6)
Adjustment disorder 6 (4.1) 5(8.2)
Panic disorder 534 2(3.3)
Anxiety disorder 3(2.0) 3 (4.9)
Hypochondriasis 2 (1.4) 1 (1.6)
Others® 4(2.8) | (1.6)

Central diseases 8 (5.5) 3 (4.9
Migraine 3(2.0) I (1.6)
Transient ischemic attack 2(3.3)
Others? 534

Others 19 (13) 9 (15)
Orthostatic hypotension 534 I (1.6)
Combined sensory disorder 3(2.0) I (1.6)
Arrhythmia 2(1.4)

Anemia 2(1.4)

Drug-induced 2(1.4)

Cervical vertigo 2(1.4)

Overwork 2(1.4) I (1.6)

Others® 1 (0.7) 6(9.8)
Unknown diagnosis 15 (10) 8 (13)
Patients requiring consultation 56 (39) 15 (25)

with specialists, n (%)

Notes: The derivation set is a group used for development of the predictive model,
and the validation set is a group used for validation of the model. *Percentage of
patients in each set; the total exceeds 100% because a patient had multiple diseases;
bpercentage of DHT+ BPPV patients in each set; ““others” includes the following
diseases (n): conversion disorder (1), paranoia (1), acute stress disorder (1), and
factitious disorder () in the derivation set; phobia (1) in the validation set; “‘others”
includes the following diseases (n): cerebral infarction (I), acoustic neuroma
(1), epilepsy (I), Adie’s syndrome (I), and alcoholic cerebellar ataxia (I) in the
derivation set; ““others” includes the following diseases: vasovagal reflex () in the
derivation set; vasovagal reflex (), sleep apnea syndrome (), sleep deprivation
(1), cytomegalovirus infection (1), dehydration (1) and deconditioning (1) in the
validation set.

Abbreviations: SD, standard deviation; BPPV, benign paroxysmal positional
vertigo; DHT+, positive Dix—Hallpike test; DHT—, negative Dix—Hallpike test.

analysis revealed that some variables were correlated (with
the value of the coefficient exceeding 0.2). For those pairs
of variables, the positive likelihood ratios shown in Table 2
were compared, and the variable with the higher value was
chosen for inclusion in the subsequent logistic analyses.
The following items were identified: “duration of dizziness

EENT3

=15 seconds,” “onset when turning over in bed,” “associated
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Table 2 Performance characteristics of individual items

Sensitivity
(95% CI)

Specificity
(95% CI)

Positive likelihood ratio

Negative likelihood ratio

(95% CI)

Temporal factors

Sudden onset
Recurrence

Diurnal fluctuation

Duration of dizziness =15 seconds

Features

Spinning sensation (rotation)

Triggers

Onset when turning over in bed
Onset when standing up

Onset when looking up

Onset when looking down

Accessory symptoms

Deafness

Nausea and/or vomiting

Double vision
Faintness

0.92 (0.76-1.00)
0.83 (0.62-1.00)
0.67 (0.40-0.93)
0.42 (0.14-0.70)

0.92 (0.76-1.00)

0.75 (0.51-1.00)
0.75 (0.51-1.00)
0.42 (0.14-0.70)
0.50 (0.22-0.78)

0.08 (0-0.24)
0.67 (0.40-0.93)
0.08 (0-0.24)

0.25 (0.01-0.50)

0.33 (0.25-0.41)
029 (0.21-0.37)
0.50 (0.41-0.59)
0.84 (0.78-0.90)

0.65 (0.57-0.73)

0.77 (0.69-0.84)
0.52 (0.44-0.61)
0.77 (0.70-0.85)
0.71 (0.63-0.79)

0.95 (0.92-0.99)
0.60 (0.51-0.68)
0.94 (0.90-0.98)
0.82 (0.76-0.89)

(95% CI)
136 (1.33-1.39)
118 (1.13-1.22)
133 (1.21-1.47)

2.64 (1.94-3.59)

2.63 (2.52-2.74)

3.23 (2.90-3.58)
1.57 (1.46-1.69)
1.84 (1.39-2.44)
1.73 (1.41-2.11)

1.82 (0.22-14.98)
1.65 (1.49-1.83)
135 (0.18-10.28)
1.40 (0.80-2.45)

0.26 (0.04-1.59)
0.57 (0.24-1.34)
0.67 (0.47-0.94)
0.69 (0.61-0.78)

0.13 (0.02-0.78)

0.33 (0.20-0.53)
0.48 (0.29-0.79)
0.75 (0.67-0.85)
0.70 (0.59-0.83)

0.96 (0.95-0.98)
0.56 (0.40-0.78)
0.98 (0.96-0.99)
0.91 (0.86-0.97)

General factors
History of diabetes mellitus 0.08 (0-0.24)

Loss of enjoyment 0.83 (0.62—-1.00)

0.98 (0.95-1.00)
0.35 (0.27-0.43)

3.69 (0.32-42.19)
128 (1.23-1.33)

0.94 (0.92-0.95)
0.48 (0.20-1.11)

Abbreviation: Cl, confidence interval.

deafness,” “double vision,” “feeling of blood draining from
the body,” “history of diabetes mellitus,” and “excessive
stress.” Using these seven items as independent variables,
binominal logistic regression analysis was conducted by the
step-up method using likelihood ratios. Of the 145 eligible
patients, eleven patients who had missing data were excluded
from this analysis. As shown in Table 3, a “duration of
dizziness =15 seconds” and “onset when turning over in bed”
were identified as independent predictors of DHT + BPPV.
The chi-square test showed significance (P < 0.01), and the
goodness of fit of the model was confirmed by the Hosmer—
Lemeshow test (P =0.665). A similar analysis conducted by
the step-down method using likelihood ratios obtained the
same results as those found with the step-up method.
When verification of the validity of the predictive model
was performed, four patients with missing information for
the abovementioned two predictive factors were excluded
from the derivation set for subsequent analyses. Based on
the regression coefficients obtained, the scores for the two

Table 3 Results of binomial logistic regression analysis

predictive factors were determined, as shown in Table 3,
and predictive scores were calculated for each patient.
Using these predictive scores and the presence or absence
of a diagnosis of DHT + BPPYV, a classification table was
produced, and the positive and negative predictive values
were calculated for three defined thresholds (Table 4). The
performance characteristics of the combination of these
predictive factors are shown in Table 5.

Discussion

The present study revealed that a “duration of dizziness
=15 seconds” and “onset when turning over in bed” were
particularly useful items from the medical history for making
or excluding a diagnosis of DHT + BPPV. Affirmative
answers to both questions yielded a likelihood ratio of 6.81
for diagnosis of DHT + BPPYV, while negative answers to
both had a likelihood ratio of 0.19. Therefore, combination of
the two items can enable primary care physicians to predict
the probability of DHT + BPPV.

Variable Regression coefficient Significant probability Odds ratio (95% CI) Point*
Duration of dizziness =15 seconds 1.47 0.028 4.36 (1.18-16.19) |
Onset when turning over in bed 2.32 0.001 10.17 (2.49—41.63) 2
Constant —4.05 <0.001

Notes: Model chi-square test, P < 0.01. Predictive value = 91.0%. *Calculated based on regression coefficients.

Abbreviation: Cl, confidence interval.
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Table 4 Performance of the BPPV prediction model

Number of appropriate items
(prediction score)

0 | 2 3
Derivation set (N = 141), n (%)
DHT + BPPV (1) 2 (8) 4 (15) 5 (42)
Others* 75(99) 24(92) 23(85) 7(58)
Validation set (N =61), n (%)
DHT + BPPV 1 (3) 0(0) 2 (13) 3(38)
Others* 30(97) 7(100) 13(87) 5(63)

Notes: With a threshold of 0.5, the positive predictive value (PPV) and negative
predictive value (NPV) for the derivation set were 16.9% and 98.7%, respectively,
and those for the validation set were 16.7% and 96.8%, respectively. With
a threshold of |.5, PPV and NPV for the derivation set were 23.1% and 97.1%,
respectively, and those for the validation set were 21.7% and 97.4%, respectively.
With a threshold of 2.5, PPV and NPV for the derivation set were 41.7% and 94.6%,
respectively, and those for the validation set were 37.5% and 94.3%, respectively.
*Qthers include DHT — BPPV and non-BPPV.

Abbreviations: BPPV, benign paroxysmal positional vertigo; DHT+, positive Dix—
Hallpike test; DHT—, negative Dix—Hallpike test.

When the two predictive items were compared, it was
found that the odds ratio for “onset when turning over in
bed” was 10.17, which made it the most useful interview
item for predicting a diagnosis of DHT + BPPV. Previous
studies have also suggested that “onset when turning
over in bed” is a useful item in patient medical history
for making a diagnosis of BPPV, while the present study
demonstrated that this is the most distinctive symptom of
DHT + BPPV.61922 Iny the authors’ experience, dizziness
can be exacerbated by body movement in many diseases.
However, turning over in bed involves movement of the head
and body without affecting blood pressure, so dizziness may
not worsen in patients with other common diseases such as
orthostatic hypotension and psychogenic disorders. This may
be why the effect of turning over in bed had a high specific-
ity for making a diagnosis of BPPV. Although turning over
in bed can occur at any time while sleeping, patients with
BPPV may become habituated to their symptoms so that is
most likely to be noticed at the time of awakening in the

Table 5 Performance characteristics of the two predictive items*
for DHT + BPPV in the combined derivation and validation sets

Sensitivity Specificity LR
Positivity 0.44 (0.21-0.67)  0.93 (0.90-0.97)  6.81 (5.11-9.10)
of both
Positivity 0.44 (0.21-0.67)  0.64 (0.57-0.71) 1.22 (1.05-1.43)
of only one
Positivity 0.11 (0-0.26) 0.43 (0.36-0.50)  0.19 (0.08-0.47)
of none

Note: *These are “duration of dizziness <15 seconds” and “onset when turning
over in bed.”

Abbreviations: BPPV, benign paroxysmal positional vertigo; DHT+, positive Dix—
Hallpike test; LR, likelihood ratio.

early morning. This is supported by previous reports sug-
gesting that peripheral dizziness can be suspected in patients
who have symptoms at this time.??*

The duration of dizziness was also a predictive factor.
In previous studies, factors such as the mode of onset and
the duration of episodes were found to be important for
the diagnosis and treatment of causes of dizziness."*'> The
present study revealed that the duration of dizziness is
particularly important for making or excluding a diagnosis
of BPPV. While it has been reported that the duration of
dizziness in patients with BPPV is =1 minute, a review
of BPPV that regarded the Dix—Hallpike test as important
has suggested that the typical duration of dizziness is only
10-20 seconds, which is consistent with the results of the
present study.!!¢

Apart from the above two items, significant positive
and negative likelihood ratios were confirmed for items

99 < 29 <

such as “diurnal fluctuation,” “spinning sensation,” “onset
when standing up, looking up, or looking down,” and
“associated nausea or vomiting.” “Diurnal fluctuation” may
be auseful item for detecting BPPV because the symptoms
of patients with other diseases improve or worsen over the
long-term due to changes of the underlying condition, so the
expression “diurnal fluctuation” (which means improvement
or exacerbation in a short period) would not be used by
patients with BPPV. Consequently, “diurnal fluctuation”
becomes a useful item in the medical history for making
or excluding a diagnosis of BPPV. It is also known that a
“spinning sensation” (ie, rotatory vertigo) generally sug-
gests the presence of peripheral vertigo. Moreover, rotatory
vertigo with nausea and vomiting is considered to have a
strong association with peripheral vertigo.!?°

It is known that the pattern of symptoms, the duration
of dizziness, and the triggers are particularly important
to determine when taking a history. The present study
demonstrated that two simple items from the history could
be used for predicting a diagnosis of DHT + BPPV, which
should be beneficial for improving the diagnosis of causes
of dizziness.

Limitations

This study was performed at the department of general
medicine of a university hospital and it remains unclear
whether the results are applicable to community hospitals
and local clinics. This study targeted BPPV of the posterior
canals with DHT + only. Therefore, further analysis is needed
to clarify whether the results of the present study can be
applied to all BPPV cases.
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