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Abstract

Importance—\Vestibular patients are often complex, require additional clinic visit time, and
utilize greater clinical resources for diagnosis. A pre-encounter intake questionnaire may predict
the most common disorders allowing for more efficient allocation of resources and use of
providers.

Objective—To develop a statistical model for predicting vestibular diagnoses, prior to clinical
evaluation, from an intake questionnaire.

Design, Setting and Participants—Retrospective review of 414 new vestibular patient intake
questionnaires and medical records with performance of logistic regression analyses and
development of predictive models.

Intervention—Use of a vestibular intake questionnaire for triaging of new patients with
complaints of dizziness.

Main Outcome Measures—Predictors for the diagnosis of BPPV, Meniere disease, and
vestibular migraine.

Results—Ear-related disorders accounted for 48% of all diagnoses while neurologic conditions
accounted for 37% of diagnoses. Three disorders — benign paroxysmal positional vertigo (BPPV),
Meniere disease and vestibular migraine — comprised 69% of all diagnoses. The diagnosis of
BPPV could be predicted from four variables with a sensitivity of 79% and specificity of 65%.
The diagnosis of Meniere disease could be predicted from five variables with a sensitivity of 81%
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and specificity of 85%. The diagnosis of vestibular migraine could be predicted from four
variables with a sensitivity of 76% and specificity of 59%.

Conclusions—A pre-encounter history questionnaire can provide useful diagnostic information
for common vestibular disorders. This can help direct appointment scheduling to improve clinical
efficiency, time to intervention, and use of resources. Further refinement may enable shorter
questionnaires or screening algorithms.
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INTRODUCTION

Dizziness is among the most common chief complaints presenting to frontline providers.1-2
While dizziness is a symptom with many causes, evaluation by an otolaryngologist is
commonly recommended. Vestibular patients are complex, require additional clinic time,
and utilize greater resources (e.g., videonystagmography, rotary chair etc.). Many patients
fail to have otologic pathology leading to patient and provider frustration and delays in
diagnosis.

History plays a critical role in the evaluation of vestibular complaints.3# The nature of the
dizziness (i.e., vertigo, lightheadedness, imbalance), the temporal pattern of the dizziness
(i.e., single episode, recurrent), the duration of attacks (i.e., seconds, hours), and associated
symptoms (i.e., hearing loss, headache) can identify otologic versus non-otologic pathology,
and even a specific diagnosis.® Physical examination may help establish a vestibular
diagnosis but is often normal. Similarly, vestibular testing may be useful in establishing a
diagnosis but requires a narrow differential diagnosis for correct selection and interpretation
of tests.3

A questionnaire focusing on key elements of the history may provide adequate information
for development of a narrow differential diagnosis prior to the office visit.*6 Our program
began using a vestibular disorders intake questionnaire in September 2012. This 10-page
questionnaire was designed as a quality improvement measure to provide more efficient and
timely care to patients. The results of the questionnaire have been used to direct
appointments (e.g., physician, vestibular therapist, nurse practitioner, neurologist) and to
inform choice of testing (e.g. VNG, rotary chair, posturography, VEMPs). Subjectively this
appears to have improved clinical efficiency, but places time burden on administrative and
clinical staff to manage this system.

We performed data analyses of the triage questionnaire. This study used 414 consecutive
patient questionnaires for descriptive analyses and predictive model building. Results of this
study may be generalized to practice management for allocating resources and improving
efficiency of patient evaluation.
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MATERIALS AND METHODS

IRB approval was obtained from our institutional board. This project analyses a clinically
utilized intake questionnaire specifically designed to triage new vestibular disorders patients.

Questionnaire

The questionnaire was developed at Mayo clinic and was modified slightly before being
implemented in our institution. There were 162 data variables captured from each
questionnaire. The questionnaire captures demographic information including medical,
family and social history, and current medications. There are sections that focus on:

a. The nature of the dizziness perception. This includes a series of check-
boxes to describe the dizziness, and questions as to the onset, duration and
frequency of spells, triggers for spells, and the relationship of spells to

motion.

b. There is a section regarding headache, migraine, and migraine associated
symptoms.

C. There is a section regarding otologic problems including hearing loss,

tinnitus, aural pressure, otalgia and otorrhea.

d. There is a section regarding prior tests and results including audiograms,
imaging, VEMPs, ENG/VNGs, rotary chair, cardiac holter monitors, tilt
table testing, etc.

Predictive Model Development

The development of predictive models for the diagnosis of benign paroxysmal positional
vertigo (BPPV), Meniere disease and vestibular migraine incorporated an initial dataset for
identifying key variables for further data collection and large dataset for predictive model
building. The initial group consisted of 212 consecutive new patient intake questionnaires.
All variables and fields were collected from these questionnaires for analysis. We initially
tried to develop models utilizing all available variables but this resulted in complex
algorithms with unsatisfactory sensitivity and specificity. By repetitively narrowing the
dataset, and checking for improvements in sensitivity and specificity, a set of factors with
strong correlation with specific diseases was identified. A subsequent 202 consecutive
questionnaires were then interrogated for this narrow set of variables. These variables from
the combined 414 questionnaires were then analyzed to build the statistical models for
diagnosis predictions.

Statistical Analysis

The initial dataset was screened to identify variables using three criteria: (1) significantly
(p<0.05) associated with the three diagnoses, (2) sufficient number of observations (at least
5 per cell after cross tabulation with the outcome), and (3) clinically meaningful and
relevant. All variables were converted into dichotomous form (i.e. O=absent; 1=present).
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The final dataset had information on 414 individuals of which 381 were ultimately fully
evaluable (see below). Logistic regression analyses were performed to build parsimonious
predictive models with model variables significant at p<0.05. All two way interactions
between significant model variables were investigated for statistical significance. A forward
stepwise variable selection procedure was used. The three final parsimonious models
included only variables significant at p<0.02 level, which is even stronger than the initially
planned significance cutoff of 0.05. The Receiver-Operating Characteristic (ROC) curve,
area under ROC curve, sensitivity and specificity at selected cutoffs (i.e., linear predictor
(LP) values) were assessed using ten-fold cross-validation.

The statistical analysis was performed using the open source software R 3.1.1 (www.r-
project.org). Two tailed Wald tests were used for statistical significance testing.

RESULTS

Of the 414 questionnaires analyzed, 381 had provider information necessary to define a final
diagnosis (Figure 1). Of these, 183 (48.0%) were ear related, 141 (37.0%) were
neurological, 36 (9.4%) considered medical, 8 (2.1%) felt to be primary psychological, 46
(12.1%) remained of unknown etiology and 33 (8.7%) of other causes. Of those deemed ear-
related the vast majority were BPPV (56.6%) followed by Meniere disease (26.9%),
vestibular neuronitis (8.2%), bilateral hypofunction (8.2%), labyrinthitis (5.5%) and
labyrinthine fistula (PLF or SSCD) (2.2%).

Of the 141 conditions felt to be neurological, there were 118 with a specific diagnosis. These
consisted of migraine (92.4%) and traumatic brain injury/post-concussive syndrome (9.3%).
There were 33 migraine patients classified further as having visual vertigo (69.7%), severe
motion sensitivity (21.2%) and Mal de Debarquement syndrome (9.1%). Non-neurological
medical diagnoses (9.4% of total) included orthostasis and cardiogenic causes, and
represented 27.8% and 44.4% of this category, respectively.

BPPV

There were 103 patients who had BPPV. All of them were seen and evaluated by a provider
to confirm BPPV. Some had resolved by the time of evaluation but a clinically obtained
history, rather than just the questionnaire, strongly suggested BPPV as the definitive
diagnosis.

As expected, 78% of those with BPPV indicated lying down/rolling in bed was a trigger as
compared to 32% of those without BPPV (p<.0001). Similarly, 78% of those with BPPV
described their dizziness as vertigo compared to 57% of those with other diagnoses (p=.
0002). Reported length of attacks were also significantly different with 48% of BPPV
patients indicating they last seconds while only 19% of those without BPPV indicated
attacks last seconds.

Those with BPPV were more likely to say that the dizziness was not continuous (p=.0113)
and that it occurred when they moved (p=.0386). Those without BPPV were more likely to
indicate that automobile rides or loud sounds were triggers than those with BPPV (p=.0023
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and p=.0006, respectively). Stress as a trigger was also significantly more prevalent in those
without BPPV (p=.0030). Those with BPPV were less likely to exhibit hearing loss than
those with other diagnoses, 42% to 61% (p=.0048).

Meniere Disease

There were 49 patients evaluated in clinic with confirmed Meniere disease meeting probable
or definite criteria.”-8 Those with Meniere disease, as compared to those without, were more
likely to describe their dizziness as vertigo, 86% to 59% (p=.0002). They also strongly
indicated duration of attacks as minutes to hours, with 75% choosing this option.

Hearing loss is a hallmark of Meniere disease and there were 96% of Meniere patients who
indicated they had documented hearing loss compared to only 49% of those without Meniere
disease (p=.0001). Fluctuating hearing also strongly favored Meniere disease patients with
46% noting changes in hearing as opposed to only 6% with other disorders (p=.0001).

Vestibular Migraine

There were 109 patients ultimately felt to have vestibular migraine. Diagnosis was based on
clinical impression, which generally follows defined diagnostic criteria for vestibular
migraine.®10 As expected, those with vestibular migraine had a higher likelihood of self-
reporting migraine than those with other vestibular conditions, 42% to 22% (p<0.0001).
Photophobia with a headache was reported in 80% of those diagnosed with vestibular
migraine as compared to 37% of those with other conditions (p<0.0001). Similarly, other
migraine symptoms also showed increased prevalence in those with vestibular migraine such
as history of headache with nausea and vomiting (p=.0074), unilateral headache (p=.0193),
and throbbing headache (p=.0078).

There was a significantly higher response that visual and motion stimuli could trigger
dizziness in vestibular migraine patients. Automobile rides (p=.0007), reading (p=.0019),
going through aisles/tunnels (p=.0028), and turning when walking (p=.0017) were all more
commonly noted as triggers. In addition, stress (p=.0315) and association with menstrual
cycle (p=.0132) were slightly more common in those felt to have vestibular migraine.

Predictive Model Building (Table 1)

BPPV—The variables predicting BPPV related to triggers for dizziness, the nature of the
dizziness and the timing of spells. In particular, having dizziness described as vertigo and
indicating /ying down/rolling over as the main trigger were the strongest positive predictors.
The other main predictors were related to duration of spells.

The questionnaire had 4 check boxes for duration of spells: 1) seconds to minutes, 2)
minutes to hours but less than 24 hours, 3) days, but less than a week, and 4) days, and can
be continuously for weeks. A patient with BPPV would be expected to choose category 1,
and indeed this was selected by 48% of BPPV sufferers. However, 33% chose minutes to
hours and about 10% chose each of the longer durations. As such, duration of seconds to
minutes was not a positive predictor on its own. Therefore, the model uses longer duration
spells to negatively impact the predictive formula, thus strengthening the relationship
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between short spells and BPPV. The formula identified for the linear predictor (LP) of BPPV
is thus:

LP=-2.19+1.87+(lying down or rolling over)+0.92x(vertigo)—0.98
*(LOSminutes to hours) — 1.11x(LOS:days) — 1.84*(vertigo)
*(LOS:day to weeks)

In this formula, if the variable is present replace it with a “1” and if not present replace it
with a “0”. For example, if the patient indicates dizziness with rolling over, vertigo, and
spells lasting days, the formula computes as LP=-2.19+1.87+.92-1.11 which equals —.51.
The LP is then transformed into an estimated probability of BPPV with the following
formula

exp(LP)

Pr(BPPV):m

For example, LP=-.51 translates into a probability estimate of BPPV equal to 0.375. Cross-
validation of this model confirmed good predictive properties with an area under the curve
(AUC) of 0.76. At LP=0.2 the cross-validated sensitivity for BPPV is 0.79 and specificity for
BPPV is 0.65.

Meniere Disease

Positive predictors for Meniere disease included classification of the dizziness as vertigo and
indicating a length of spell lasting minutes to hours. A strong predictor relating to hearing
loss was having a documented history of hearing loss, in contrast to a perception of hearing
loss. Further, having unilateral tinnitus, in contrast to bilateral tinnitus or no tinnitus, was a
strong predictive variable. Tinnitus in the right ear only was a slightly stronger predictor than
tinnitus in the left ear. The resultant formula for the linear predictor of Meniere disease is
thus:

LP= — 7.0841.78x«(vertigo)+3.22x%(documented hearing loss)+1.40
*(LOS:minutes to hours)+2.04x*(tinnitus:right ear only)+1.52

«(tinnitus:left ear only)

Cross-validation of this model confirmed an ROC curve with area under the curve (AUC) of
0.86. At LP=0.15 the cross-validated sensitivity for Meniere disease is 0.81 and cross-
validated specificity for Meniere disease is 0.85.

Vestibular Migraine

The nature of the dizziness was not a predictive variable for vestibular migraine. Vestibular
migraine patients noted many forms of dizziness including vertigo (69%), wooziness (60%),
imbalance (70%), faint (57%), swimming sensation (34%), pulsion (23%) and other (9%).
Only the sensation of fainting approached statistical significance when comparing vestibular
migraine to other conditions (p=0.075).
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The positive predictors for vestibular migraine related to a history of migraine, migraine aura
symptoms, and motion sensitivity, which is frequently found in migraine sufferers.11 Thus,
the variables diagnosis of migraine and photophobia with headaches were both significantly
related to vestibular migraine in contrast to other conditions. Also, selecting automobile
rides as a trigger for attacks of dizziness was a strong positive predictor.

The effect of having a diagnosis of migraine and dizziness with automobile rides together
skewed the balance between sensitivity and specificity in the model and required a negative
correction factor if both were present. A negative predictor was also the indication that
attacks last seconds. The final linear predictor for vestibular migraine is thus:

LP=-1.84+0.98«(history of migraine)—0.86%(L0S:seconds)+ 1.06*(photophobia)
+0.94x%(automobile rides) — 1.24*(migraine)*(automobile rides)

Cross-validation of this model confirmed good predictive properties with area under the
curve (AUC) of 0.65. At LP=0.25 cross-validated sensitivity for vestibular migraine is 0.76
and cross-validated specificity for vestibular migraine is 0.59. Given the often vague or
varied complaints of dizziness in vestibular migraine it is expected the specificity would be
lower compared to other disorders.

DISCUSSION

The efficacy of any questionnaire relies on accuracy in completing the form. The vast
majority of patients were comprehensive in addressing all fields but some were cursory. In
these cases an APNP with training in vestibular disorders called the patient for further detail.
Some of these cases seem to reflect patient attitude that the questionnaire is a formality to
obtaining a physician appointment rather than a useful diagnostic tool.

Effectiveness of the questionnaire is also dependent upon patient interpretation of the
questions. For example, a number of patients with BPPV chose the prompt that dizziness
lasts for days to weeks. We interpret this as a failure to distinguish between individual
episodes and the period of time during which they have episodes. This confusion has been
previously noted.® This suggests that questionnaires may need follow-up questions to clarify
answers or rigorous study to validate each field. Reliability may be improved with an
electronic questionnaire using branching logic to ask additional questions if needed to
clarify answers.12

It is not clear if the high association of some variables in this study is specific to the form in
which they are presented to the patient. For example, the variable /ying down/rolling in bed
was a strong positive predictor of BPPV but was presented as a check-box within a list of 17
potential triggers. Zhao and colleagues, using a questionnaire that primarily asked yes/no
questions, also found that dizziness with lying down was a strong predictor of BPPV.5
Similarly, they found BPPV negatively associated with long attacks, vestibular migraine
positively associated with light sensitivity, and Meniere disease positively associated with
unilateral hearing loss or tinnitus. While this may suggest good concordance with the
present study, they also identified many variables that differed from those in this report.
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Therefore, the manner of presentation of the question may play a role in the utility of the
questionnaire to predict specific conditions.

The strongest model was that predicting the diagnosis of Meniere disease. Similar high
sensitivity and specificity has been found with other questionnaires for Meniere disease.13
This may reflect the strong association of hearing loss and tinnitus with Meniere disease.’
These conditions are easily recognized by patients and thus the data collection for these
variables may be more accurate. Further, the diagnostic criteria for Meniere disease include
these conditions thus increasing the probability of Meniere disease when present.”

In contrast to Meniere disease, the model for predicting vestibular migraine had comparable
sensitivity but low specificity. This may reflect the varied clinical nature of vestibular
migraine and the weaker diagnostic criteria.1%14 For example, patients with vestibular
migraine often describe dizziness as an “off” sensation which may be poorly interrogated by
the questionnaire. Migraine is also significantly underdiagnosed®18 and therefore a key
diagnostic criteria for vestibular migraine may be absent from many questionnaires. Further,
by written history, subtle distinctions that would allow discriminating vestibular migraine
from persistent postural and perceptual dizziness (3PD) can be missed. In fact, this study
categorized visual vertigo and motion sensitivity as forms of vestibular migraine, which has
been our traditional clinical practice, but which may be better considered as 3PD (aka
chronic subjective dizziness).17-19

Limitations of this study include the use of a single center with the reliance on clinical
impression, rather than strict diagnostic criteria, to obtain final vestibular diagnoses. A
multi-center study with additional clinicians can better reflect the general clinical experience
as regards these disorders. Statistically, we performed validation on the same dataset as the
model building. The internal cross validation (ten-fold cross validation) partially addressed
the validation issue but is not as robust as validation of the predictive models on external, or
separately collected, data.

The goal of initiating a quality improvement project was to alter the clinical practice
paradigm for vestibular disorders from a physician centric model. Barriers to this are patient
and provider acceptance of a potential non-physician based assessment and treatment
encounter, limited evidence demonstrating efficacy and efficiency of such a program, and
uncertainty in key areas of the clinical pathway used for guiding decision making. The
results of this study can provide evidence for patients and referring providers as to the
diagnostic accuracy of pre-encounter questionnaires and the potential improvement in
clinical efficiency. Clinical efficiency is becoming a significant metric used to evaluate
provider quality. Time to next appointment, enough time spent with the patient, and running
a clinic on time are all metrics being used by health systems to measure the quality of
services. Structured systems for triaging patients into those requiring a physician evaluation
versus ancillary providers have been highly effective. In a primary care setting access to the
practice increased by almost 30% and over 80% of patients triaged to a non-physician
provider did not need to follow-up with a physician.2? Similarly, using a structured
questionnaire as support for medical decision making for viral respiratory infection showed
that military medics could reduce the need for physician referrals by 37%.21
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The outcomes in this study have been used in our institution to improve access by utilizing
ancillary providers. For example, BPPV patients can be seen within 1 week by vestibular
therapy without waiting for a physician appointment. A similar triage model involving
vestibular disorders has shown high patient satisfaction, likely due to simultaneous
evaluation and treatment.22 In our practice, patients with significant headache component
and prediction of vestibular migraine are offered neurological consultation as a best first
assessment. Freeing the otolaryngologist’s schedule from non-otologic vestibular patients
may allow faster access for those predicted to have Meniere disease or other otologic
conditions.
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Figure 1. Distribution of Diagnoses
Distribution of diagnoses among subjects completing a vestibular intake questionnaire and

having subsequent clinical assessment.
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Table 1
Variables used in the predictive model building.
Variables Used in Predictive Models
Coefficient | p-value | Comment

BPPV

Lying down/rolling over 1.87 p<0.001 | Hallmark of BPPV

Vertigo 0.92 p=0.003 | Consistent with BPPV

LOS ¥ minutes to hours -0.98 p<0.001 | Negative predictor; distinguish from Meniere
Disease

LOS: days, <week -1.11 p=0.018 | Negative predictor; distinguish from Vestibular
Migraine

Vertigo and LOS: days to weeks -1.85 p=0.002 | Negative predictor; distinguish from Vestibular
Migraine

Meniere Disease

Vertigo 1.78 p<0.001 | Consistent with Meniere Disease

Documented hearing loss 3.22 p<0.001 | Note this is documented; not subjective

LOS: minutes to hours 1.40 p<0.001 | Hallmark of Meniere Disease attacks

Tinnitus: right 2.04 p<0.001 | Unilateral tinnitus

Tinnitus: left 1.52 p<0.001 | Unilateral tinnitus

Vestibular Migraine

History of Migraine 0.98 p=0.003 | Consistent with vestibular migraine diagnostic
definition

Photophobia 1.06 p<0.001 | Consistent with history of migraine

LOS: seconds -0.86 p=0.012 | Negative predictor; distinguish from BPPV

Automobile rides 0.94 p=0.003 | Visual vertigo and motion sickness; consistent
with vestibular migraine

Migraine and automobile rides -1.24 p=0.017 | Correction factor due to strength of having both
descriptors together

*
LOS = length of spell as reported by patient in questionnaire
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