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ARTICLE INFO ABSTRACT

Purpose: To compare imaging utilization between patients presenting to the emergency department (ED) with
vertigo and dizziness (VDS) who are diagnosed with stroke and benign paroxysmal positional vertigo (BPPV).
Stroke Methods: All patients presenting to the ED with VDS (January 2014-June 2018) were identified. Those with a
Computed tomography discharge diagnosis of stroke and BPPV were analyzed.
;ie;ii(;ss Results: 17,884 patients presented to with VDS. 452 were diagnosed with BPPV and 174 with acute stroke.
Emergency department 55.7% of stroke patients had at least one neurologic symptom beyond VDS, 63.8% had a positive neurologic
exam, and 80.5% had either; 90.2% had at least one stroke risk factor (RF). 42.0% of BPPV patients received
imaging, of which 24.7% had neurologic symptoms beyond VDS, 16.3% had neurologic exam findings, and
34.2% had either (P < 0.001, as compared to stroke). 43 patients (22.6%) lacked neurologic symptoms, exam
findings, and stroke RFs; 40 had an adequate HINTS (head impulse, nystagmus, skew) exam. The most common
imaging modality received by BPPV patients was plain CT Head (54.2%), followed by CT/CTA (43.7%), and MRI
brain (26.3%). CT head was the initial imaging of choice in 44.7% and CT/CTA in 42.6%.
Conclusions: Imaging utilization in BPPV patients presenting with VDS is high. The profile of patients with BPPV
that received imaging was substantially more benign than that of stroke patients (a quarter had no neurologic
symptoms, exam findings, or stroke RFs). The HINTS exam was underutilized, and computed tomography was
heavily utilized despite well-established limitations in diagnosing posterior circulation strokes. This study
highlights the need for increased training in the HINTS exam, narrowing of the scope for computed tomography,
and a higher threshold for imaging patients with isolated VDS.
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1. Introduction

Vertigo and dizziness (VDS) are among the most common reasons
for emergency department (ED) visits nationwide, representing ap-
proximately 4% of ED cases [1]. In the United States, a 2011 report
estimated that > 3.9 million patients presented to the ED with VDS [2].
In certain cases, the cause of VDS is evident, but often dangerous
pathologies are masked [3,4]. Furthermore, VDS possess a wide dif-
ferential diagnosis, with one particular study describing 46 distinct
diagnoses for 106 patients seeking treatment for dizziness [5]. There-
fore, misdiagnosis is not unusual in VDS patients [6-8].

One of the most common causes of vertigo, Benign Paroxysmal
Positional Vertigo (BPPV), constitutes 29.1% of VDS visits to

otolaryngologists and 16.3% to general practitioners [9]. It accounts for
approximately 7% of ED visits for VDS [9]. Although causes of vertigo
more commonly include BPPV, Meniere's disease, or vestibular mi-
graine, given the potential of cerebrovascular disease to induce central
vertigo, dangerous pathologies such as posterior circulation strokes and
basilar occlusions are always in the back of a physician's mind when
evaluating these patients [10-16]. VDS, thus, exemplify an intractable
problem in emergency medicine: common chief complaints that infre-
quently signal catastrophic underlying etiologies.

With estimates that 3-5% of ED cases with dizziness are related to
stroke, VDS create the perfect storm for high resource utilization [10].
One analysis found that spending on VDS reached $4 billion dollars in
2011, with rising costs predominately related to rates of imaging [2].
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Due to the interest in efficiently identifying stroke patients among the
VDS population in the ED, distinguishing peripheral and central vertigo
remains highly controversial [17,18]. However, given the large amount
of VDS patients presenting to the ED, imaging patients with a low
suspicion for stroke can lead to exceptionally high expenditures.

Our study focused on comparing the resource utilization in BPPV
patients presenting to the ED with VDS by comparing to stroke patients
in the same population. Utilizing records of patients presenting to the
ED with VDS to an academic institution over 4.5 years, we sought to 1)
characterize BPPV patients in this population, 2) assess imaging usage
in BPPV patients, and, 3) compare the BPPV population undergoing
imaging with stroke patients presenting with VDS.

2. Methods
2.1. Data source

The electronic medical record was queried for all adult
(age = 18 years) patients who presented to the emergency department
at our institution with a chief complaint of ‘vertigo,” ‘dizziness,” or
‘vertigo-recurrent’ and who had a primary discharge diagnosis of stroke
or BPPV between January 1, 2014 and June 17, 2018.

2.2. Data collection and description of variables

The following information was obtained on each patient: demo-
graphics, admission and discharge times, disposition, medical history
and discharge diagnoses (up to ten codes each, based on the
International Classification of Diseases, Tenth Revision, Clinical
Modification [ICD-10-CM]), vital signs, and imaging (based on Current
Procedural Terminology codes). Imaging data regarding computed to-
mography (CT), CT angiography (CTA), and magnetic resonance ima-
ging (MRI) of the head and neck were obtained. Both contrast and non-
contrast sequences were included.

Patients with a primary discharge diagnosis of ischemic or hemor-
rhagic stroke were identified via ICD-10-CM codes 160-163.9 (excluding
subdural hematomas). BPPV was identified via codes H81.1-H81.13.
For each stroke patient and each BPPV patient that received imaging,
presenting symptoms, physical exam findings (including the head im-
pulse, nystagmus, and skew [HINTS] and Dix-Hallpike exams), and
imaging findings were obtained.

Stroke risk factors (RF) were identified in the patient's medical
history. The following were considered to be risk factors: cardiovascular
(ICD-10-CM codes 120-122.9, 124-125.9) or risk-equivalent pathologies
(peripheral arterial [170.2-170.399] and chronic kidney disease [N18.3-
N18.6]) [19], history of stroke or transient ischemic attack (TIA) (163-
163.9 and G45-G45.9) [20], hypertension (I10-116.9) [21], diabetes
(E08-E13.9) [22], dyslipidemia (hypocholesteremia, hyperlipidemia:
E78-E78.49) [23], smoking [24], alcohol abuse [25], atrial fibrillation
(I148.0-148.2 and 148.91) [26], and age over 80 years [27].

Presenting symptoms were considered those listed in the “History of
Present Illness” section of the initial ED physician's note. Exam findings
from both the initial ED evaluation and first available neurology con-
sultation were considered positive. Neurologic symptoms beyond diz-
ziness/vertigo were categorized as motor, sensory, visual (diplopia,
blurry vision), auditory (hearing loss, tinnitus), or speech; exam find-
ings were classified as motor, sensory, visual, ataxic, auditory or
aphasic. Patients with equivocal CT imaging who could not undergo
MRI were excluded. Patients who had stroke listed as the primary dis-
charge diagnosis because of an older, known stroke from a previous
admission were excluded. All cases with equivocal imaging findings
were reviewed by a neuroradiologist to confirm the diagnosis of stroke.

2.3. Statistical analysis

Descriptive statistics were used to characterize patient
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Table 1
Baseline characteristics.
Benign Stroke P-value
positional N =174
vertigo
N =452
Mean age, years (SD) 58.1 (16.7) 67.8 (14.3) < 0.001
Sex, no. (%) < 0.001
Male 151 (33.4%) 93 (53.4%)
Female 301 (66.6%) 81 (46.6%)
Vital abnormalities, no. (%)
High blood pressure (systolic = 160 111 (24.6%) 93 (53.4%) 0.02
or diastolic = 100 mmHg)
Hypoxemia (oxygen 20 (4.4%) 9 (5.2%) < 0.001
saturation < 94%)
Tachycardia 23 (5.1%) 18 (10.3%) 0.68

Risk factors, no. (%)

Age = 80 years 52 (11.5%) 39 (22.4%) 0.001

Cardiovascular or equivalent 30 (6.6%) 29 (16.7%) < 0.001

History of stroke/transient ischemic 26 (5.8%) 78 (44.8%) < 0.001
attack

Hypertension 187 (41.4%) 121 (69.5%) < 0.001

Diabetes 60 (13.3%) 42 (24.1%) 0.001

Dyslipidemia 61 (13.5%) 38 (21.8%) 0.01

Atrial fibrillation 16 (3.5%) 16 (9.2%) 0.004

At Least one risk factor 241 (53.3%) 157 (90.2%) < 0.001
Received in the ED, no. (%)
Head Imaging of any kind 190 (42.0%) 173 (99.4%) < 0.001
Computed tomography (head) 87 (19.2%) 81 (46.6%) < 0.001
Computed tomography with 83 (18.4%) 107 (61.5%) < 0.001
angiography (head/neck)
Magnetic resonance imagining 50 (11.1%) 94 (54.0%) < 0.001
(brain)
Initial imaging study in ED, No. (%) 0.18

Computed tomography (head)

Computed tomography with
angiography (head/neck)

Magnetic resonance imagining
(brain)

85 (18.8%)
81 (17.9%)

72 (41.4%)
88 (50.6%)

24 (5.3%) 13 (7.5%)

ED = emergency department.

characteristics as shown in Table 1. Differences in proportions and
means were determined via Chi-square and student t-tests, respectively.
Statistical analysis was conducted in SPSS 25 (IBM Corporation, Ar-
monk, NY). Statistical significance was determined at P < 0.05. This
study was approved by the Yale Institutional Review Board.

3. Results
3.1. Baseline characteristics

17,884 patients presented to the emergency department with a chief
complaint of vertigo/dizziness over 4.5years. The mean age was
55.1 years (standard deviation [SD] = 20.3) and 62.0% were female.
57.8% had at least one stroke risk factor, with a mean of 1.1. 28.6%
(5121) of patients had relevant head/neck imaging in the emergency
department. 17.0% (3034) received CT Head in the ED, 10.4% (1866)
CTA Head/Neck, and 4.9% (875) MRI. CT Head (with or without
contrast) was the initial imaging modality in 59.2% of those patients,
while CTA Head/Neck and MRI were the first imaging modality in
36.4% and 4.7%, respectively.

3.2. BPPV patients

452 patients presenting with VDS had a primary discharge diagnosis
of BPPV. The mean age was 58.1 years (SD = 16.7) and 66.6% were
female (Table 1 displays baseline characteristics). Approximately half
(53.3%) had at least one risk factor for stroke, with a mean number of
RF's of 0.96 (SD = 1.1). A minority of patients presented with vital
abnormalities. 5.1% had tachycardia at admission, 4.4% hypoxemia
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(oxygen saturation <94%), and 24.6% had systolic blood pressure
above 160 or diastolic above 100 mmHg.

3.3. Stroke patients

174 patients presenting with VDS and had a primary discharge di-
agnosis of stroke met inclusion criteria. The average age was 67.8 years
(SD = 14.3) and 46.6% were female. 90.2% had at least one stroke risk
factor. The mean number of RF's was 2.1 (SD = 1.2), which was sig-
nificantly higher than the BPPV population (P < 0.001). Stroke pa-
tients were more likely to be tachycardic (10.3% vs 5.1% for BPPV;
P =0.02) and have systolic or diastolic pressures above 160 or
100 mmHg, respectively (54.1% vs 24.6% for BPPV; P < 0.001). The
percentage of hypoxemic patients was similar (5.2% vs 4.4%; P = 0.7).
55.7% of stroke patients had at least one symptom beyond VDS on
presentation, 63.8% had a positive neurologic finding on exam, and
80.5% had either of the two. The most common accompanying neu-
rologic symptom was visual (25.9%) and the most common exam
finding was ataxia (36.8%). 99.4% of stroke patients received imaging
in the emergency department, although 2 patients were discharged
without imaging and then imaged during a 2nd visit to the ED.

3.4. BPPV patients with imaging

190 BPPV patients, or 42.0% of patients with a discharge diagnosis
of BPPV, had imaging in the ED. 65.8% had at least one stroke RF. The
mean number of risk factors was 1.3 (SD = 1.3), significantly less than
patients with stroke (mean = 2.1; P < 0.001) but significantly more
than BPPV patients who did not receive imaging (mean = 0.72;
P < 0.001) (see Fig. 1). As compared to the stroke population, BPPV
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Fig. 1. Comparison of risk factors, symptoms and physical exam. The left group
of columns represents stroke patients and the right group represents benign
positional vertigo patients that received imaging. The percentage of patients
with stroke risk factors and positive neurologic symptoms or exam findings
beyond vertigo are shown.
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patients who received imaging had significantly fewer positive neuro-
logic findings on history or physical. 24.7% had neurologic symptoms
beyond VDS, 16.3% had neurologic exam findings, and 34.2% had ei-
ther of the two (P < 0.001, as compared to stroke patients). 43 pa-
tients (22.6%) had zero risk factors and lacked neurologic symptoms
and exam findings on presentation. 9 patients (4.7%) had vertical or
bidirectional horizontal nystagmus. A minority of patients had docu-
mented tests of skew (42[22.1%]) or head impulse (44[23.2%]). Of
patients with a skew test, 1 was positive. 45.2% of patients with a
documented head impulse had an abnormal test (suggesting a periph-
eral etiology) while 54.8% had a normal exam (suggesting a central
etiology). Of 40 patients with adequate HINTS documentation, the
HINTS exam suggested a peripheral etiology in 14 (35.0%), but could
not rule out a central source in 26 (65.0%).

The most common imaging modality received in the ED was plain
CT Head (54.2%), followed by CT/CTA (43.7%), and MRI brain
(26.3%). CT head was the initial imaging of choice in 44.7%, CT/CTA
in 42.6%, and MRI in 12.6%. 99% of the imaging was unremarkable.
Dissection was found in one patient and a partially thrombosed pseu-
doaneurysm in a second; otherwise, imaging was negative excepting
vascular stenosis.

4. Discussion

In this study we identified patients with BPPV who presented with
vertigo or dizziness to the ED of an academic institution over 4.5 years.
We characterized the use of imaging in BPPV patients and compared the
presenting symptoms and physical exam findings of BPPV patients re-
ceiving imaging to stroke patients.

4.1. Rates

The number of BPPV patients substantially outnumbered the
number of stroke patients. There were two and a half times more pa-
tients with a discharge diagnosis of the former as compared to stroke
patients. 1% of all VDS patients had a diagnosis of stroke versus 2.5%
for BPPV. This is expected in light of literature-reported rates. The rate
of stroke in the vertigo and dizziness population presenting to the ED is
reported at or below 5% in most studies of the last two decades, while
BPPV has been estimated, by one systematic review, to represent 7.4%
of classified VDS presenting to the ED [9,10,16,28]. Of note, this study
does demonstrate a slightly lower rate of stroke than others in the lit-
erature. Studies often include TIA with stroke when reporting rates,
which is one potential explanation for the lower rate. Additionally, as
noted in the methods, equivocal imaging in patients diagnosed with
stroke was reviewed by a neuroradiologist, leading to the exclusion of
many patients who were originally diagnosed with stroke in the ED.
These exclusions further reduced the stroke rate for this study popu-
lation.

4.2. Imaging usage in BPPV patients

42.0% of BPPV patients received imaging in the ED. The results of
this study suggest that the use of imaging in BPPV exceeds the necessary
amount. Numerous studies have demonstrated that the HINTS ex-
amination is a highly sensitive test for ruling out central causes of
vertigo and avoiding imaging in patients presenting with VDS to the ED.
[29-31] In the appropriate clinical context, the HINTS exam could
obviate the need for imaging in patients with a peripheral exam or
confirm the need for imaging/treatment in those with a central HINTS
exam. Despite its potential, the HINTS exam was underutilized in our
study population. Only 40 patients, or 21% of BPPV patients with
imaging, had sufficient documentation to count as a full exam. The low
usage of HINTS in the ED has been documented by other studies and
represents an important area of improvement in the evaluation of VDS
patients [32,33]. Increased awareness and training in the HINTS exam
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for ED physicians is a potential avenue to reduce the large amount of
imaging ordered for vertigo patients. Somewhat surprisingly, a number
of BPPV patients who receiving imaging had a peripheral HINTS exam
(abnormal head impulse, unidirectional/absent nystagmus, no skew). 8
of these 14 patients had no additional neurologic symptoms or positive
neurologic exam findings. These cases represent gross misuse of ima-
ging and underscore the need to address the issue of imaging overuse in
VDS patients. Importantly, we do note that the HINTS exam is not a
possibility in all patients; for example, it is contraindicated in patients
with neck injuries.

Patients with BPPV who received imaging had a significantly
smaller percentage of neurologic presentations as compared to stroke
patients. Only 24.7% had neurologic symptoms beyond VDS as com-
pared to 55.7% for stroke patients. The difference in positive neurologic
exam findings was even greater, with only 16% of BPPV patients having
a positive exam versus 64% for stroke patients. Finally, when com-
bining both symptoms and physical examination, 81% of stroke pa-
tients had either of the two versus 34% for BPPV patients receiving
imaging. The high percentage of isolated vertigo in the BPPV popula-
tion that received imaging is striking. Although history and physical,
especially in the absence of a peripheral HINTS exam, cannot rule out
stroke alone, they should elevate the threshold for ordering imaging.
Patients presenting with stroke generally have accompanying signs and
symptoms. In our population, a minority of stroke patients (19%) had
isolated VDS. Other studies have noted the small percentage of isolated
vertigo among VDS stroke patients. A population-based study by Kerber
et al. reported an isolated VDS rate of 17% in patients with stroke or
TIA [16]. Importantly, < 1% of all patients presenting with isolated
symptoms had a stroke or TIA in their population, although the vast
majority of presentations were isolated vertigo. Therefore, it is likely
that performing a thorough history and physical examinations for VDS
patients can help reduce the rate of imaging usage. The history and
physical can be used in combination with other aspects of the pre-
sentation to avoid the need for imaging. For example, it is highly un-
likely that a patient with VDS and stroke would have no neurologic
signs, additional neurologic symptoms, and stroke risk factors. This was
true for only 1 stroke patient in our cohort. Despite this, 23% of BPPV
patients with imaging had neither risk factors nor positive signs and
symptoms suggestive of stroke. Another helpful adjunct, as already
discussed, is the HINTS examination. A peripheral HINTS exam with an
unremarkable general neurologic history and physical would certainly
avoid the need for imaging in much of the VDS population.

4.3. Imaging modality

The type of imaging utilized in most patients was unsuitable for the
identification of posterior circulation strokes. Over half (54%) of BPPV
patients that were imaged underwent plain head CT, and 44% received
CT as the initial test to evaluate their VDS. The lack of sensitivity and
specificity of plain CT in the diagnosis of posterior fossa stroke is well-
established [34-39]. CT head suffers from considerable artifact caused
by the bony posterior fossa and, therefore, all efforts should be made to
image VDS patients with suspected stroke via MRI. Despite the low
accuracy of CT, it continues to be the predominant imaging modality
used in this population as evidenced by national, population-based
studies [2].

Head CT with CTA is now often used in lieu of simple head CT to
evaluate VDS patients, primarily to identify patients who have basilar
artery occlusions and are candidates for thrombectomy. 44% of BPPV
patients imaged received a CT/CTA, and 43% had CT/CTA as the first
imaging modality. In addition to being exceedingly rare, basilar oc-
clusions have not been well-studied as targets for endovascular inter-
vention; trials examining thrombectomy in stroke generally exclude
those in the posterior circulation [40]. Searching for basilar (or other
posterior) occlusions hardly warrants the routine use of CTA in VDS
patients, especially those with uncomplicated presentations. If
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suspicion for stroke is high, MRI is capable of detecting strokes caused
by basilar occlusions and is a better first choice in the VDS population.

While our study underscores the overuse of imaging in patients
presenting with VDS to the ED, the underlying considerations for or-
dering imaging could not be elucidated. Ordering imaging may be a
product of definite diagnostic criteria, but, in the absence of factors
warranting clinical suspicion, imaging may be related to the practice of
defensive medicine. Studies have shown that emergency medicine
physicians are at risk of litigation, particularly when imaging is not
obtained [41,42]. This may explain high rates of unnecessary imaging
in the ED, especially with low sensitivity modalities such as CT, as
supported by other studies [43,44]. Overuse of imaging in the ED may
be as much a systemic issue as a consequence of clinical judgement.

Although our study highlights a large problem in the vertigo po-
pulation presenting to the ED, we do admit that there is no easy solu-
tion. Firstly, we believe that there should be more emphasis on the
HITNS exam for this population. Subspecialists can be made available
via teleconsultation and/or ED physicians can be trained to perform the
exam [30]. Secondly, there should be greater consideration given to the
benefit of imaging. Stable patients who are presenting outside of the
thrombolytic or thrombectomy window need not be imaged with CT in
the ED. An MRI after admission or as an outpatient may suffice to
identify stroke. Finally, if imaging is needed and the capability exists,
patients should undergo MRI as opposed to CT if the goal is to diagnose
stroke.

There were several limitations to this study. Firstly, the retro-
spective design prevents adequate control of confounders. We relied on
discharge diagnoses from the ED to identify stroke and BPPV patients;
any coding inaccuracies would affect our results. Differences in the
evaluations of specific patients can also present inaccuracies. For ex-
ample, some BPPV patients did not undergo as thorough of a neurologic
exam as others, which would result in missed neurologic exam findings.
Inadequate physician documentation results in the same limitation.
Finally, diagnoses made in the ED may not be accurate, especially in
borderline cases where a specialist is warranted.

5. Conclusions

Imaging utilization in benign positional vertigo patients presenting
with VDS is high, with approximately half receiving imaging in the
emergency department. The profile of patients with BPPV that received
imaging was relatively benign compared to that of stroke patients; two-
thirds had isolated VDS, as opposed to 19% for stroke patients; ap-
proximately one quarter of BPPV patients with imaging had neither risk
factors, neurologic symptoms, nor positive neurologic exam findings.
The HINTS exam was underutilized, but even some patients with a
peripheral HINTS exam received imaging. Moreover, the choice of
imaging was not appropriate. The initial imaging of choice in BPPV
patients was overwhelmingly CT or CT/CTA, despite the well-estab-
lished limitations of computed tomography in diagnosing posterior
circulation stroke, which highlights an excessive use of computed to-
mography in the ED for VDS patients. This study emphasizes the need to
address how VDS patients are evaluated in the ED, with increased
training in the HINTS exam, narrowing of the scope for computed to-
mography, and a higher threshold for imaging patients with isolated
VDS.

Declaration of Competing Interest

The authors have no funding, financial relationships, or conflicts of
interest to disclose.

Acknowledgements

No acknowledgements.



J. Hanna, et al.

References

[1]

[2]
[3]
[4]

[5]
[6]
[71

[8]

[9]

[10]

[11]
[12]
[13]
[14]
[15]
[16]
[17]
[18]
[19]
[20]
[21]
[22]

[23]

[24]

[25]

Newman-Toker DE, Cannon LM, Stofferahn ME, Rothman RE, Hsieh Y-H, Zee DS.
Imprecision in patient reports of dizziness symptom quality: a cross-sectional study
conducted in an acute care setting. Mayo Clin Proc 2007;82:1329-40.

Saber Tehrani AS, Coughlan D, Hsieh YH, et al. Rising annual costs of dizziness
presentations to U.S. emergency departments. Acad Emerg Med 2013;20:689-96.
Lee H, Sohn SI, Cho YW, et al. Cerebellar infarction presenting isolated vertigo:
frequency and vascular topographical patterns. Neurology 2006;67:1178-83.
Demiryoguran NS, Karcioglu O, Topacoglu H, Aksakalli S. Painless aortic dissection
with bilateral carotid involvement presenting with vertigo as the chief complaint.
Emerg Med J 2006;23:e15.

Skiendzielewski JJ, Martyak G. The weak and dizzy patient. Ann Emerg Med
1980;9:353-6.

Royl G, Ploner CJ, Leithner C. Dizziness in the emergency room: diagnoses and
misdiagnoses. Eur Neurol 2011;66:256-63.

Braun EM, Tomazic PV, Ropposch T, Nemetz U, Lackner A, Walch C. Misdiagnosis of
acute peripheral vestibulopathy in central nervous ischemic infarction. Otol
Neurotol 2011;32:1518-21.

Kim AS, Fullerton HJ, Johnston SC. Risk of vascular events in emergency depart-
ment patients discharged home with diagnosis of dizziness or vertigo. Ann Emerg
Med 2011;57:34-41.

Parker IG, Hartel G, Paratz J, Choy NL, Rahmann A. A systematic review of the
reported proportions of diagnoses for dizziness and vertigo. Otol Neurotol
2019;40:6-15.

Newman-Toker DE, Hsieh Y-H, Camargo CA, Pelletier AJ, Butchy GT, Edlow JA.
Spectrum of dizziness visits to US emergency departments: cross-sectional analysis
from a nationally representative sample. Mayo Clin Proc 2008;83:765-75.
Newman-Toker DE, Edlow JA. TiTrATE: a novel, evidence-based approach to di-
agnosing acute dizziness and vertigo. Neurol Clin 2015;33:577-99.

Lempert T, Olesen J, Furman J, et al. Vestibular migraine: diagnostic criteria. J
Vestib Res 2012;22:167-72.

Lopez-Escamez JA, Carey J, Chung WH, et al. Diagnostic criteria for Meniére's
disease. J Vestib Res 2015;25:1-7.

Lee CC, Su YC, Ho HC, et al. Risk of stroke in patients hospitalized for isolated
vertigo: a four-year follow-up study. Stroke 2011;42:48-52.

Nagel S. Stroke due to acute occlusion of the basilar artery: diagnosis and treatment.
Med Klin Intensivmed Notfmed 2017;112:679-86.

Kerber KA, Brown DL, Lisabeth LD, Smith MA, Morgenstern LB. Stroke among pa-
tients with dizziness, vertigo, and imbalance in the emergency department: a po-
pulation-based study. Stroke 2006;37:2484-7.

Choi K-D, Kim J-S. Vascular vertigo: updates. J Neurol 2018;266:1835-43.
Newman-Toker DE. Missed stroke in acute vertigo and dizziness: it is time for ac-
tion, not debate. Ann Neurol 2016;79:27-31.

K/DOQI clinical practice guidelines for chronic kidney disease: evaluation, classi-
fication, and stratification. Am J Kidney Dis 2002;39:51-266.

Arboix A. Cardiovascular risk factors for acute stroke: risk profiles in the different
subtypes of ischemic stroke. World J Clin Cases 2015;3:418-29.

Lawes CM, Bennett DA, Feigin VL, Rodgers A. Blood pressure and stroke: an
overview of published reviews. Stroke 2004;35:1024.

Arvanitakis Z, Schneider JA, Wilson RS, et al. Diabetes is related to cerebral in-
farction but not to AD pathology in older persons. Neurology 2006;67:1960-5.
Baigent C, Keech A, Kearney PM, et al. Efficacy and safety of cholesterol-lowering
treatment: prospective meta-analysis of data from 90,056 participants in 14 ran-
domised trials of statins. Lancet 2005;366:1267-78.

Wolf PA, D'Agostino RB, Kannel WB, Bonita R, Belanger AJ. Cigarette smoking as a
risk factor for stroke. The Framingham study. JAMA 1988;259:1025-9.

Wood AM, Kaptoge S, Butterworth AS, et al. Risk thresholds for alcohol

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

Am J Otolaryngol 40 (2019) 102263

consumption: combined analysis of individual-participant data for 599,912 current
drinkers in 83 prospective studies. Lancet 2018;391:1513-23.

Hart RG, Benavente O, McBride R, Pearce LA. Antithrombotic therapy to prevent
stroke in patients with atrial fibrillation: a meta-analysis. Ann Intern Med
1999;131:492-501.

Grysiewicz RA, Thomas K, Pandey DK. Epidemiology of ischemic and hemorrhagic
stroke: incidence, prevalence, mortality, and risk factors. Neurol Clin
2008;26:871-95. [vii].

Miyashita F, Mori E, Yanagi K. Clinical analysis of dizziness and predictors of cer-
ebrovascular disease in the emergency department. Oto-Rhino-Laryngology Tokyo
2017;60:76-82.

Newman-Toker DE, Kerber KA, Hsieh YH, et al. HINTS outperforms ABCD2 to
screen for stroke in acute continuous vertigo and dizziness. Acad Emerg Med
2013;20:986-96.

Newman-Toker DE, Curthoys IS, Halmagyi GM. Diagnosing stroke in acute vertigo:
the HINTS family of eye movement tests and the future of the “Eye ECG”. Semin
Neurol 2015;35:506-21.

Batuecas-Caletrio A, Yanez-Gonzalez R, Sanchez-Blanco C, et al. Peripheral vertigo
versus central vertigo. Application of the HINTS protocol. Rev Neurol
2014;59:349-53.

Quimby AE, Kwok ESH, Lelli D, Johns P, Tse D. Usage of the HINTS exam and
neuroimaging in the assessment of peripheral vertigo in the emergency department.
J Otolaryngol Head Neck Surg 2018;47:54.

McDowell T, Moore F. The under-utilization of the head impulse test in the emer-
gency department. Can J Neurol Sci 2016;43:398-401.

Ahsan SF, Syamal MN, Yaremchuk K, Peterson E, Seidman M. The costs and utility
of imaging in evaluating dizzy patients in the emergency room. Laryngoscope
2013;123:2250-3.

Hwang DY, Silva GS, Furie KL, Greer DM. Comparative sensitivity of computed
tomography vs. magnetic resonance imaging for detecting acute posterior fossa
infarct. J Emerg Med 2012;42:559-65.

Davis SM, Tress BM, Dowling R, Donnan GA, Kiers L, Rossiter SC. Magnetic re-
sonance imaging in posterior circulation infarction: impact on diagnosis and man-
agement. Aust N Z J Med 1989;19:219-25.

Lawhn-Heath C, Buckle C, Christoforidis G, Straus C. Utility of head CT in the
evaluation of vertigo/dizziness in the emergency department. Emerg Radiol
2013;20:45-9.

Simmons Z, Biller J, Adams Jr. HP, Dunn V, Jacoby CG. Cerebellar infarction:
comparison of computed tomography and magnetic resonance imaging. Ann Neurol
1986;19:291-3.

Chalela JA, Kidwell CS, Nentwich LM, et al. Magnetic resonance imaging and
computed tomography in emergency assessment of patients with suspected acute
stroke: a prospective comparison. Lancet 2007;369:293-8.

Goyal M, Menon BK, Van Zwam WH, et al. Endovascular thrombectomy after large-
vessel ischaemic stroke: a meta-analysis of individual patient data from five ran-
domised trials. The Lancet 2016;387:1723-31.

Go6mez-Duran EL, Martin-Fumadé C, Benet-Travé J, Arimany-Manso J. Malpractice
risk at the physician level: claim-prone physicians. J Forensic Leg Med
2018;58:152-4.

Lindor RA, Boie ET, Campbell RL, Hess EP, Sadosty AT. Failure to obtain computed
tomography imaging in head trauma: a review of relevant case law. Acad Emerg
Med 2015;22:1493-8.

Fatihoglu E, Aydin S, Gokharman FD, Ece B, Kosar PN. X-ray use in chest imaging in
emergency department on the basis of cost and effectiveness. Acad Radiol
2016;23:1239-45.

Rawle M, Pighills A. Prevalence of unjustified emergency department X-ray ex-
amination referrals performed in a regional Queensland hospital: a pilot study. J
Med Radiat Sci 2018;65:184-91.


http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0005
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0005
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0005
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0010
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0010
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0015
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0015
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0020
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0020
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0020
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0025
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0025
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0030
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0030
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0035
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0035
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0035
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0040
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0040
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0040
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0045
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0045
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0045
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0050
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0050
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0050
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0055
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0055
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0060
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0060
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0065
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0065
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0070
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0070
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0075
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0075
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0080
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0080
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0080
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0085
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0090
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0090
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0095
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0095
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0100
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0100
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0105
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0105
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0110
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0110
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0115
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0115
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0115
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0120
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0120
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0125
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0125
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0125
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0130
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0130
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0130
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0135
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0135
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0135
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0140
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0140
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0140
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0145
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0145
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0145
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0150
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0150
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0150
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0155
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0155
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0155
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0160
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0160
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0160
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0165
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0165
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0170
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0170
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0170
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0175
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0175
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0175
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0180
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0180
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0180
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0185
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0185
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0185
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0190
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0190
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0190
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0195
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0195
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0195
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0200
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0200
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0200
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0205
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0205
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0205
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0210
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0210
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0210
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0215
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0215
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0215
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0220
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0220
http://refhub.elsevier.com/S0196-0709(19)30449-1/rf0220

	A comparison of benign positional vertigo and stroke patients presenting to the emergency department with vertigo or dizziness
	Introduction
	Methods
	Data source
	Data collection and description of variables
	Statistical analysis

	Results
	Baseline characteristics
	BPPV patients
	Stroke patients
	BPPV patients with imaging

	Discussion
	Rates
	Imaging usage in BPPV patients
	Imaging modality

	Conclusions
	mk:H1_16
	Acknowledgements
	References




