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ORIGINAL ARTICLE
Rate and Predictors of Serious Neurologic
Causes of Dizziness in the

Emergency Department
Babak B. Navi, MD; Hooman Kamel, MD; Maulik P. Shah, MD;

Aaron W. Grossman, MD, PhD; Christine Wong, MD; Sharon N. Poisson, MD, MAS;
William D. Whetstone, MD; S. Andrew Josephson, MD;

S. Claiborne Johnston, MD, PhD; and Anthony S. Kim, MD, MAS

Abstract

Objective: To describe the rate and predictors of central nervous system (CNS) disease in emergency department (ED)
patients with dizziness in the modern era of neuroimaging.
Patients and Methods: We retrospectively reviewed the medical records of all adults presenting between January
1, 2007, and December 31, 2009, to an academic ED for a primary triage complaint of dizziness, vertigo, or
imbalance. The final diagnosis for the cause of dizziness was independently assigned by 2 neurologists, with a
third neurologist resolving any disagreements. The primary outcome was a composite of ischemic stroke, intra-
cranial hemorrhage, transient ischemic attack, seizure, brain tumor, demyelinating disease, and CNS infection.
Univariate and multivariate logistic regression were used to assess the association between clinical variables and
serious CNS causes of dizziness.
Results: Of 907 patients experiencing dizziness (mean age, 59 years; 58% women [n�529]), 49 (5%) had a serious
neurologic diagnosis, including 37 cerebrovascular events. Dizziness was often caused by benign conditions, such as
peripheral vertigo (294 patients [32%]) or orthostatic hypotension (121 patients [13%]). Age 60 years or older (odds
ratio [OR], 5.7; 95% confidence interval [CI], 2.5-11.2), a chief complaint of imbalance (OR, 5.9; 95% CI, 2.3-15.2),
and any focal examination abnormality (OR, 5.9; 95% CI, 3.1-11.2) were independently associated with serious
neurologic diagnoses, whereas isolated dizziness symptoms were inversely associated (OR, 0.2; 95% CI, 0.0-0.7).
Conclusion: Dizziness in the ED is generally benign, although a substantial fraction of patients harbor serious
neurologic disease. Clinical suspicion should be heightened for patients with advanced age, imbalance, or focal
deficits.
© 2012 Mayo Foundation for Medical Education and Research � Mayo Clin Proc. 2012;87(11):1080-1088
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D izziness is one of the most common pre-
senting symptoms in the emergency de-
partment (ED) and is a frequent reason for

neurologic consultation.1-3 Despite this high preva-
lence, evaluating dizziness symptoms remains a
challenge for many physicians, particularly since
symptoms are often poorly characterized by patients
and physicians alike and can incorporate a multi-
tude of related symptoms, such as vertigo, light-
headedness, balance disturbance, anxiety, and gen-
eral malaise.4,5 Previous studies have found that
acute dizziness is most often caused by benign con-
ditions, such as peripheral vertigo, orthostatic hypo-
tension, and psychogenic disorders, whereas serious
neurologic conditions, such as stroke and brain tu-
mors, are rare.6-10

However, dizziness due to serious neurologic
disease could be underestimated because most pre-
vious studies took place before the advent of mod-

ern diagnostic neuroimaging or did not include de-
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tailed medical record review by a neurologist.6,8-10

Furthermore, many previous analyses were limited
by small sample sizes or by the inclusion of patients
with chronic dizziness in ambulatory care settings
or were larger studies that used national administra-
tive databases that were valuable in measuring the
impact of dizziness presentations on EDs but were
limited by a lack of available clinical detail.2,3,6,8,9,11

Therefore, the magnitude of the risk of serious
causes of acute dizziness in the ED and the question
of which clinical variables predict central nervous
system disease remain poorly understood.

The objective of this study was to better charac-
terize the clinical presentation, evaluation, diagno-
sis, and disposition of patients presenting with acute
dizziness to a tertiary care ED with around-the-
clock access to advanced neuroimaging and in-hos-
pital neurology consultants. We also sought to as-
sess the overall rate and predictors of serious central
From the Department of
Neurology and Neurosci-
ence, Weill Cornell Medical
College, New York, NY
(B.B.N., H.K.); Department
of Neurology (M.P.S.,
A.W.G., S.N.P., S.A.J., S.C.J.,
A.S.K.), Department of
Emergency Medicine
(W.D.W.), and Department
of Epidemiology and Biostatis-
tics (S.C.J.), University of Cali-
fornia, San Francisco; and De-
partment of Neurology,
nervous system diseases in these patients.
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SERIOUS NEUROLOGIC CAUSES OF DIZZINESS IN THE ED
PATIENTS AND METHODS

Study Design and Setting
We conducted a retrospective medical record re-
view of consecutive patients presenting with dizzi-
ness, vertigo, or imbalance to the University of Cali-
fornia San Francisco Medical Center, San Francisco,
California, a tertiary care university hospital and an
accredited primary stroke center with approxi-
mately 38,000 ED encounters annually. The ED is
staffed 24 hours a day by resident and attending
emergency medicine physicians and has around-
the-clock access to in-hospital neurology consul-
tants and emergency computed tomography (CT)
and magnetic resonance imaging (MRI). The Uni-
versity of California San Francisco Committee on
Human Research approved this study and waived
informed consent.

Study Population
Patient triage complaints were documented verba-
tim by ED nurses in real time and then were trans-
ferred to a clinical database by an analyst. We retro-
spectively searched this electronic database for all
patients 18 years or older who visited the ED be-
tween January 1, 2007, and December 31, 2009,
with a triage symptom containing any of the follow-
ing search terms: dizzy, dizziness, vertigo, spinning,
imbalance, or disequilibrium. We excluded patients
whose primary symptoms did not include any of the
specified search terms as determined by an indepen-
dent review of the clinical documentation by 2 neu-
rologists (B.B.N., H.K., M.P.S., A.W.G., C.W., or
S.N.P.). Patients with multiple eligible ED visits dur-
ing the study period were included only once at the
time of the first visit during the study period.

Data Collection and Processing
Medical record reviews were conducted according
to the standard of published recommendations.12

All medical records that met the inclusion criteria
were randomly assigned (by a computerized ran-
dom number generator) to 1 of 6 data abstractors
who reviewed them electronically. All the abstrac-
tors were neurologists: 4 were board-certified vas-
cular neurology and neurocritical care fellows and 2
were third-year neurology residents. Data were col-
lected using a standardized data abstraction form
(see the Supplemental Figure available online at
http://www.mayoclinicproceedings.org) that was
developed after several rounds of pretesting. The
candidate form was refined by having each abstrac-
tor apply the same candidate form to the same set of
sample medical records and then incorporating
feedback to optimize ease of use, the availability of

data elements, and the reliability of the data abstrac-
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tion by consensus. The candidate form was then
finalized and applied in the final data abstraction
process. Individual abstractors entered data into a
password-protected electronic study database. All
the variables were defined in advance of medical
record reviews in a written data dictionary that
served as a reference for abstractors. Any questions
about data elements that could not be answered
with the assistance of the data dictionary were re-
solved by consensus. Variables that were missing
from or not mentioned in the clinical documenta-
tion were considered to be not present.

Baseline Measurements
We collected information on age, race, sex, time of
visit, duration of the episode in days, previous epi-
sodes, positional symptoms, medical comorbidities,
associated symptoms, use of antithrombotic medi-
cations, triage vital signs, neurologic examination
findings, presence of orthostasis, ED evaluation, and
ED treatments. Associated symptoms included uni-
lateral weakness, speech difficulty, gait impairment,
headache, tinnitus, hearing loss, diplopia, changes
in vision besides diplopia, vertigo, confusion, sen-
sory impairment, nausea or vomiting, chest pain,
symptoms of an upper respiratory tract infection,
dyspnea, syncope, light-headedness, and psychiat-
ric symptoms.

Recorded comorbidities included migraine, re-
cent trauma, hypertension, dyslipidemia, coronary
artery disease, diabetes mellitus, congestive heart
failure, previous stroke, previous transient ischemic
attack (TIA), smoking in the past 5 years, and pre-
vious psychiatric disease consisting of any history of
a mood, thought, or personality disorder. Orthosta-
sis was defined either clinically or by a decrease in
systolic or diastolic blood pressure of greater than
20 or 10 mm Hg, respectively. Heart rate and
systolic and diastolic blood pressures were re-
corded. Examination findings by the ED physi-
cian were documented and consisted of the follow-
ing: encephalopathy, aphasia, dysarthria, nystagmus,
ophthalmoparesis, visual field abnormality, facial
weakness, limb weakness, limb ataxia, sensory impair-
ment, and gait disorder. The result of the Dix-Hallpike
maneuver, if performed, was also collected. For the
associated symptoms and examination data, no dis-
tinction was made between acute and chronic
processes.

Electrocardiographic, laboratory, and radio-
graphic information was abstracted from official re-
ports. White blood cell counts and hematocrit, so-
dium, blood urea nitrogen, creatinine, glucose, and
troponin values were collected on all patients when
available. Abstracted brain imaging data included
information from CT and MRI performed in the ED.

Brain imaging study findings were considered ab-
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normal if there was evidence of acute infarction,
hemorrhage, demyelination, tumor, or infection
and the abstracting neurologist believed that the ra-
diographic finding was responsible for the patient’s
presentation. Treatments initiated in the ED, includ-
ing anticholinergic, benzodiazepine, antiemetic, an-
tiplatelet, and anticoagulant medications, as well as
the Epley maneuver, were abstracted. Information
on disposition was collected, and for patients admit-
ted to the hospital from the ED, the primary admit-
ting service and the length of stay were collected as
well.

Outcome Measures
A final, specific diagnosis for each patient was as-
signed by 2 separate neurologists independently
from all available clinical data, including notes from
subsequent hospitalizations, clinic visits, and ED
visits when available. When a choice between a
more specific or more general diagnosis was avail-
able, abstractors were instructed to choose the
broader and more encompassing diagnosis unless
clear evidence existed for the more specific disease
entity. Any disagreement in assigning the final diag-
nosis was resolved by a third and final reviewer.
Cases in which the 2 reviewers disagreed on eligibil-
ity were excluded. Group meetings were held ap-
proximately bimonthly to resolve questions and re-
view coding rules.

In total, 32 predefined specific diagnoses en-
compassing 6 broad categories of disease were avail-
able as choices for the medical record abstraction.
The broad diagnostic categories were serious neuro-
logic diseases, peripheral neurologic diseases, other
neurologic diseases, psychiatric diseases, serious
cardiac diseases, and other medical conditions. The
primary outcome was the broad diagnostic category
of serious neurologic disease, which was defined by
a prespecified composite of the following specific
diagnoses: ischemic stroke; TIA; intracerebral, sub-
arachnoid, subdural, and epidural hemorrhage;
brain neoplasm; demyelinating disease; seizure; and
brain abscess or meningitis. A � analysis was per-
formed to determine the degree of agreement be-
tween the 2 independent abstractors for diagnosis of
the primary outcome.

Data Analysis
Descriptive statistics were used to calculate point
estimates and confidence intervals around the pro-
portions of patients with specific clinical factors and
diagnoses. Based on the results of previous studies
and expected rates of outcomes, the following clin-
ical factors were chosen a priori as potential predic-
tors of outcomes: age, imbalance as the reference

triage symptom, isolated dizziness symptoms (eg,
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no other associated neurologic or systemic symp-
toms), positional symptoms, previous stroke, diabe-
tes mellitus, Dix-Hallpike maneuver, and focal ex-
amination abnormalities (any neurologic sign
besides nystagmus).6-8,10,13 Logistic regression was
used to evaluate the association between these pre-
specified factors and the primary outcome. Of these
8 prespecified factors, those that were significantly
(P�.10) associated with the outcome in univariate
analysis (age, imbalance as the triage symptom,
isolated dizziness, previous stroke, and focal ex-
amination abnormalities) were forced into the fi-
nal multivariate model. All the data analyses were
performed using a commercially available soft-
ware program (Stata, version 11.2; StataCorp LP,
College Station, TX).

RESULTS
Between January 1, 2007, and December 31, 2009,
1907 adult patients reported dizziness or a related
search term in their triage symptoms. After exclud-
ing patients in whom dizziness was not a primary
symptom, 907 patients (0.8% of approximately
113,375 ED encounters during the study period)
fulfilled the study eligibility criteria and were in-
cluded in the final analysis, including 628 patients
(69%) with a triage symptom of “dizzy” or “dizzi-
ness,” 240 (26%) with “vertigo” or “spinning,” and
39 (4%) with “imbalance” or “disequilibrium.” Pa-
tients had a mean � SD age of 59�19 years, and
529 (58%) were women (Table 1). Vascular risk
factors, such as hypertension (447 patients
[49%]), hyperlipidemia (251 patients [28%]),
and diabetes (131 patients [14%]) were common.
The median duration of symptoms was 1 day (in-
terquartile range, 0-2 days), and 295 patients
(33%) reported previous episodes of dizziness.
Symptoms were worse with head movement in
266 patients (29%). The most common associated
symptoms were nausea/vomiting (421 patients
[46%]), light-headedness (309 patients [34%]),
and headache (190 patients [21%]); isolated diz-
ziness occurred in 169 patients (19%) (Table 2).

The mean � SD heart rate, systolic blood pres-
sure, and diastolic blood pressure were 77�16
beats/min, 142�27 mm Hg, and 77�14 mm Hg,
respectively; 4% of patients (34) were documented
as orthostatic. A neurology consultation was ob-
tained for 180 patients (20%). Focal neurologic
signs were documented on the ED physician’s exam-
ination for 19% of patients (176), with gait disturbance,
limb weakness, and limb ataxia being the most common
deficits (Table 3). Nystagmus (which was not consid-
ered a focal neurologic sign) was present in 81 pa-
tients (9%). Laboratory evaluation was common
(703 patients [78%]). Electrocardiography was per-

formed in 621 patients (68%); a concerning finding,
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SERIOUS NEUROLOGIC CAUSES OF DIZZINESS IN THE ED
such as ST-segment changes or T-wave inversions,
atrial fibrillation/flutter, or second- or third-degree
heart block, was reported in 57 (9%), 42 (7%), and
3 (�1%) patients, respectively.

Neuroimaging in the ED was performed in 321
patients (35%) and consisted of 252 head CTs
(28%) and 104 brain MRIs (11%); 35 patients (4%)
had both tests. Of these 356 imaging studies, 25
(7%) showed a relevant finding; 9 of the 104 MRIs
(9%) and 16 of the 252 CT scans (6%) had a relevant
abnormality. Patients evaluated by brain MRI were
typically older (mean age, 66 years) and often had
vascular risk factors, such as hypertension (59 pa-
tients [57%]), diabetes mellitus (17 patients [16%]),
and atrial fibrillation (12 patients [12%]). Symptom-
atic treatment was prescribed for 369 patients (41%),

TABLE 1. Characteristics of 907 Patients Presenting t

Characteristic Serious neurologic diagno

Age (y), mean � SD 71�13

Women 17 (35)

Race/ethnicity

White 28 (57)

Asian 18 (37)

Black 3 (6)

Hispanic 0

Other 0

Comorbidities

Hypertension 36 (73)

Hyperlipidemia 24 (49)

Diabetes 7 (14)

CAD 10 (20)

Atrial fibrillation 8 (16)

Current smoker 6 (12)

Previous stroke 8 (16)

CHF 1 (2)

Previous TIA 1 (2)

Migraines 3 (6)

Recent trauma 3 (6)

Psychiatric history 3 (6)

Medications

Antiplatelets 18 (37)

Anticoagulants 6 (12)

a CAD � coronary artery disease; CHF � congestive heart failu
b Data are presented as No. (percentage) of patients unless ind
c Serious neurologic diagnoses encompass a composite of ische
hemorrhage, brain neoplasm, seizure, demyelinating disease, and
d Other prespecified diagnoses include peripheral vertigo NOS,
disorder NOS, orthostasis/presyncope, syncope, dizziness NOS,
exacerbation, hypertensive emergency, drug or substance ingesti
and other.
with anticholinergic therapy (199 patients [22%]) be-

Mayo Clin Proc. � November 2012;87(11):1080-1088 � http://dx.doi
www.mayoclinicproceedings.org
ing the most frequent. Most patients (681 [75%]) were
discharged. Of the 204 patients (22%) admitted to the
hospital, 139 (68%) were admitted to an intensive care
unit (12 patients) or a telemetry ward (127 patients).
The most common admitting services were medicine
(83 patients [41%]), cardiology (65 patients [32%]),
and neurology (48 patients [24%]). Median length of
hospital stay was 2 days (interquartile range, 1-3 days;
range, 0-55 days). In a random sample of 50 patients
(6% of the cohort), 37 (74%) had another hospital, ED,
or clinic encounter at the medical center after the index
ED visit included in the medical record review. The
mean time from index ED visit to final encounter re-
viewed was 331 days (median, 246 days; range,
0-1471 days).

Most cases of dizziness were attributed to pe-

Emergency Department With Dizzinessa,b

n�49)c Other diagnoses (n�858)d Tota

58�19

512 (60) 5

397 (46) 4

228 (27) 2

106 (12) 1

43 (5)

84 (10)

411 (48) 4

227 (26) 2

124 (14) 1

81 (9)

69 (8)

64 (7)

46 (5)

24 (3)

9 (1)

51 (6)

46 (5)

118 (14) 1

194 (23) 2

49 (6)

OS � not otherwise specified; TIA � transient ischemic attack.
otherwise.

stroke, TIA, intracerebral hemorrhage, subarachnoid hemorrhage,
abscess/meningitis.

gn paroxysmal positional vertigo, vestibular neuronitis, Meniere dis
hiatric disorder NOS, arrhythmia, acute coronary syndrome, stable
thdrawal, hypoglycemia, electrolyte disorder, anemia or gastrointest
o the

ses ( l (N�907) P value

59�19 �.001

29 (58) .001

.07

25 (47)

46 (27)

09 (12)

43 (5)

84 (9)

47 (49) .001

51 (28) .001

31 (14) �.99

91 (10) .02

77 (8) .06

70 (8) .26

54 (6) .006

25 (3) �.99

10 (1) .43

54 (6) �.99

49 (5) .74

21 (13) .19

12 (23) .04

55 (6) .11

re; N
icated
mic subdural hemorrhage, epidural
brain
beni ease, concussion, migraine, gait
psyc angina, congestive heart failure

on/wi inal bleeding, systemic infection,
ripheral vestibular dysfunction (294 of 907 patients
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[32%]) or other generally benign conditions, such as
orthostatic hypotension (121 patients [13%]) or mi-
graines (37 patients [4%]); 199 cases (22%) could
not be further characterized (Table 4). Conversely,
the primary outcome of serious neurologic disease
was uncommon (49 patients [5%]). This included
37 cerebrovascular events such as ischemic strokes
(24 patients [3%]), TIA (9 patients [1%]), and intra-
cerebral hemorrhage (8 patients [1%]). Other seri-
ous neurologic diseases included brain neoplasm in
6 (1%), seizure in 4 (�1%), and demyelinating dis-
ease in 2 (�1%). There was 72% agreement on the
diagnosis of a serious neurologic disease between
the 2 abstractors, corresponding to a � of 0.64 (95%
confidence interval, 0.47-0.72). Only 2 patients
with serious neurologic diagnoses had isolated diz-
ziness (no associated neurologic symptoms); 1 pa-
tient had an intracerebral hemorrhage, and 1 had a
TIA. Of the patients with ischemic stroke, only 1
was caused by a cervical artery dissection. Of the
180 patients who had a neurology consultation in
the ED, 38 (21%) had a serious neurologic diagno-
sis, compared with 11 of the 727 patients (2%) not

toms in 907 Patients Presenting to the Emergency Depa

Serious neurologic diagnoses (n�49)c O

19 (39)

19 (39)

9 (18)

23 (47)

iplopia 7 (14)

4 (8)

2 (4)

6 (12)

2 (4)

1 (2)

6 (12)

3 (6)

3 (6)

1 (2)

10 (20)

7 (14)

9 (18)

d; URI � upper respiratory tract infection.
rcentage) of patients.

encompass a composite of ischemic stroke, transient ischemic at
ge, brain neoplasm, seizure, demyelinating disease, and brain absce
include peripheral vertigo NOS, benign paroxysmal positional vert
ncope, syncope, dizziness NOS, psychiatric disorder NOS, arrhyth
gency, drug or substance ingestion/withdrawal, hypoglycemia, electr
evaluated by neurology (P�.001). A few patients

Mayo Clin Proc. � November 2012;87(1
had other serious medical conditions, such as a sys-
temic infection (34 [4%]), cardiac arrhythmia (22
[2%]), electrolyte disturbance (14 [2%]), or hyperten-
sive emergency (10 [1%]).

In the univariate analysis, serious neurologic di-
agnoses were more likely in patients with focal ex-
amination abnormalities, age 60 years or older, im-
balance as the triage symptom, and previous stroke
and less likely in patients with isolated dizziness.
However, in the multivariate analysis, only focal ex-
amination abnormalities, age 60 years and older,
imbalance as the triage symptom, and isolated diz-
ziness remained statistically significant predictors
(Table 5).

DISCUSSION
In this large cohort of patients presenting to the ED
with dizziness, 49 (5%) had serious neurologic dis-
eases, most of which were acute cerebrovascular
events. However, important medical causes of diz-
ziness were more common, occurring in 154 pa-
tients (17%). Dizziness was usually attributed to
benign conditions, such as peripheral vestibular

ent With Dizzinessa,b

diagnoses (n�858)d Total (N�907) P value

402 (47) 421 (46) .30

290 (34) 309 (34) .44

181 (21) 190 (21) .72

130 (15) 153 (17) �.001

92 (11) 99 (11) .48

76 (9) 80 (9) �.99

67 (8) 69 (8) .58

62 (7) 68 (8) .26

67 (8) 69 (8) .58

65 (8) 66 (7) .25

48 (6) 54 (6) .06

47 (5) 50 (6) .75

37 (4) 40 (4) .47

35 (4) 36 (4) .72

15 (2) 25 (3) �.001

16 (2) 23 (3) �.001

8 (1) 17 (2) �.001

intracerebral hemorrhage, subarachnoid hemorrhage, subdural
ningitis.
estibular neuronitis, Meniere disease, concussion, migraine, gait
cute coronary syndrome, stable angina, congestive heart failure
disorder, anemia or gastrointestinal bleeding, systemic infection,
TABLE 2. Associated Symp rtm

Symptom ther

Nausea or vomiting

Light-headedness

Headache

Gait disturbance

Visual disturbance besides d

Dyspnea

URI symptoms

Sensory disturbance

Chest pain

Psychiatric symptoms

Tinnitus

Syncope

Confusion

Hearing loss

Speech disturbance

Diplopia

Unilateral weakness

a NOS � not otherwise specifie
b Data are presented as No. (pe
c Serious neurologic diagnoses tack,
hemorrhage, epidural hemorrha ss/me
d Other prespecified diagnoses igo, v
disorder NOS, orthostasis/presy mia, a
exacerbation, hypertensive emer olyte
dysfunction or orthostatic hypotension, and many

1):1080-1088 � http://dx.doi.org/10.1016/j.mayocp.2012.05.023
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SERIOUS NEUROLOGIC CAUSES OF DIZZINESS IN THE ED
TABLE 3. Evaluation and Treatment of 907 Patients With Dizziness in the Emergency Departmenta,b

Variable Serious neurologic diagnoses (n�49)c Other diagnoses (n�858)d Total (N�907)

Focal examination findingse 31 (63) 145 (17) 176 (19)

Gait disturbance 18 (37) 91 (11) 109 (12)

Limb weakness 10 (20) 35 (4) 45 (5)

Limb ataxia 10 (20) 19 (2) 29 (3)

Facial weakness 5 (10) 15 (2) 20 (2)

Sensory disturbance 3 (6) 15 (2) 18 (2)

Dysarthria 4 (8) 7 (1) 11 (1)

Encephalopathy 2 (4) 9 (1) 11 (1)

Ophthalmoparesis 4 (8) 1 (�1) 5 (1)

Aphasia 1 (2) 1 (�1) 2 (�1)

Visual field disturbance 1 (2) 1 (�1) 2 (�1)

Nystagmus 6 (12) 75 (9) 81 (9)

Dix-Hallpike maneuver documented 4 (8) 145 (17) 149 (16)

Abnormal 1 (2) 81 (9) 82 (9)

Laboratory analysis 47 (96) 656 (76) 703 (78)

Complete blood cell count 47 (96) 606 (71) 653 (72)

Metabolic panel 47 (96) 608 (71) 655 (72)

Cardiac enzymes 31 (63) 337 (39) 368 (41)

Electrocardiogramf 38 (78) 583 (68) 621 (68)

Normal sinus rhythm 29 (59) 476 (55) 505 (56)

ST-segment changes or TWIs 3 (6) 54 (6) 57 (6)

Atrial fibrillation or flutter 6 (12) 36 (4) 42 (5)

Sinus tachycardia 0 14 (2) 14 (2)

Second- or third-degree heart block 0 3 (�1) 3 (�1)

Neuroimaging 42 (86) 279 (33) 321 (35)

Head CT 37 (76) 215 (25) 252 (28)

Brain MRI 15 (31) 89 (10) 104 (11)

Treatmentg 13 (27) 356 (41) 369 (41)

Anticholinergic drugs 2 (4) 197 (23) 199 (22)

Benzodiazepine 2 (4) 141 (16) 143 (16)

Antiemetic agents 3 (6) 99 (12) 102 (11)

Epley maneuver 1 (2) 44 (5) 45 (5)

Antiplatelets 8 (16) 35 (4) 43 (5)

Anticoagulation 0 0 0

a CT � computed tomography; MRI � magnetic resonance imaging; NOS � not otherwise specified; TWI � T-wave inversion.
b Data are presented as No. (percentage) of patients.
c Serious neurologic diagnoses encompass a composite of ischemic stroke, transient ischemic attack, intracerebral hemorrhage, subarachnoid hemorrhage, subdural
hemorrhage, epidural hemorrhage, brain neoplasm, seizure, demyelinating disease, and brain abscess/meningitis.
d Other prespecified diagnoses include peripheral vertigo NOS, benign paroxysmal positional vertigo, vestibular neuronitis, Meniere disease, concussion, migraine, gait
disorder NOS, orthostasis/presyncope, syncope, dizziness NOS, psychiatric disorder NOS, arrhythmia, acute coronary syndrome, stable angina, congestive heart failure
exacerbation, hypertensive emergency, drug or substance ingestion/withdrawal, hypoglycemia, electrolyte disorder, anemia or gastrointestinal bleeding, systemic infection,
and other.
e On the emergency department physician’s examination; acute and chronic abnormalities are included. Some patients had more than one finding.
f Acute and chronic abnormalities are included.
g
 Some patients had more than one treatment in the emergency department.
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cases of dizziness remained uncharacterized (199
[22%]) despite extensive ED evaluations and de-
tailed case review by 2 neurologists.

Although most cases of dizziness were due to
benign conditions, nearly a quarter of the patients
were admitted to the hospital, most had laboratory
and cardiac rhythm analyses, and 332 (37%) under-
went neuroimaging. These findings are consistent
with a high level of concern for ruling out serious
disease in ED patients with dizziness, a finding that
is concordant with a previous analysis that found
that ED patients with dizziness have similarly high
resource utilization, ED length of stay, and illness
severity as ED patients presenting with chest pain.14

Our results are also consistent with those of pre-
ious studies, which found low rates of serious neu-
ologic diagnoses in ED patients with dizziness.3,6-10,13

A prospective analysis of 413 adults with dizziness
presenting to a Hong Kong ED found a central neu-
rologic cause in 6% of patients, although this study
may have underestimated the number of patients
with posterior fossa lesions since diagnoses were made
using CT only.10 Similarly, a population-based study
f 1666 mostly Mexican American patients presenting
ith dizziness to EDs in Corpus Christi, Texas, dem-
nstrated an incidence of stroke or TIA of 3.2% (this
tudy assessed for acute cerebrovascular disorders
nly).7 In addition, a meta-analysis of relevant studies

published between 1966 and 1996 reported a 6% fre-
quency of central neurologic diseases in ED patients
with dizziness, most of which were cerebrovascular in
origin.8

Rates of serious neurologic causes of dizziness
n our cohort were similar to those in older studies
espite more frequent use of advanced neuroimag-

ng and neurologic consultation in our patients. This
nding suggests that more frequent use of neuroim-
ging may not significantly augment ED physicians’
linical acumen. Alternatively, secular trends in
troke incidence or differences in case definition (eg,
e excluded patients whose primary symptom was not
izziness) may have offset the increased diagnostic sensi-
ivity of modern neuroimaging or around-the-clock ac-
ess to neurologic consultation.15-17

Vascular risk factors and other concomitant
eurologic symptoms, particularly gait difficulties,
ere more common in patients with serious neuro-

ogic diagnoses. Independent predictors of serious
eurologic diseases were imbalance as the reference
riage symptom, age 60 years or older, and a focal
bnormality on the emergency physician’s examina-
ion. These clinical factors have all been associated
ith central processes previously and should con-

inue to serve as important factors when determin-
ng the necessary extent of neurologic evaluation in
he patient experiencing dizziness.6,7,10,11 In addi-
TABLE 4. Final Diagnoses for 907 Patients
Presenting to the Emergency Department With
Dizzinessa

Diagnosisb

Patients,
No. (%)

Serious neurologic diseases 49 (5)

Ischemic stroke 24 (3)

Transient ischemic attack 8 (1)

Brain neoplasm 6 (1)

Intracerebral hemorrhage 5 (1)

Seizure 4 (�1)

Demyelinating disease 2 (�1)

Subarachnoid hemorrhage 0

Subdural hemorrhage 0

Epidural hemorrhage 0

Brain abscess/meningitis 0

Peripheral neurologic diseases 294 (32)

Peripheral vertigo NOS 185 (20)

BPPV 78 (9)

Vestibular neuronitis 27 (3)

Meniere disease 4 (�1)

Other neurologic diseases 388 (43)

Dizziness NOS 199 (22)

Orthostasis/near syncope 121 (13)

Migraine 37 (4)

Syncope 20 (2)

Concussion 11 (1)

Gait disorder NOS 0

Psychiatric conditions 22 (2)

Psychiatric disorder NOS 22 (2)

Serious cardiac diseases 35 (4)

Arrhythmia 22 (2)

Hypertensive emergency 10 (1)

Acute coronary syndrome 2 (�1)

Heart failure exacerbation 1 (�1)

Stable angina 0

Other medical conditions 119 (13)

Drug or substance
ingestion/withdrawal 46 (5)

Systemic infection 34 (4)

Electrolyte disorder 14 (2)

Other 11 (1)

Anemia or gastrointestinal bleeding 10 (1)

Hypoglycemia 4 (0.4)

a BPPV � benign paroxysmal positional vertigo; NOS � not
otherwise specified.
b The broad diagnostic categories and individual diagnoses
ion, previous stroke was associated with serious
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neurologic disease in univariate analysis but not in
the multivariate model, perhaps owing to confound-
ing with age or focal neurologic symptoms. Con-
versely, patients with isolated dizziness were con-
siderably less likely to have a serious neurologic
disease. However, 2 patients did present with acute
cerebrovascular diseases in this manner, echoing the
many examples in the literature of posterior fossa
strokes presenting as positional vertigo without con-
comitant brainstem findings.18-20 Hence, physi-
cians should not automatically dismiss the possibil-
ity of a central neurologic process in patients with
dizziness without associated neurologic symptoms.

The strengths of this study include its large sam-
ple size; independent adjudication of final diagnoses
by 2 neurologists, with a third resolving any dis-
agreements; detailed analysis of patients’ risk fac-
tors, associated symptoms, examination findings,
and medical and neurologic evaluations; and the po-
tential for improved outcome ascertainment given
the around-the-clock availability of modern neuro-
imaging and neurologic consultation.

This study has several important limitations.
First, it was performed at a single tertiary care aca-
demic medical center, and, thus, the results may not
apply to community hospitals or ambulatory care
settings. Second, although medical records were in-
dependently reviewed by 2 neurologists using all
available data, including subsequent outpatient
clinic notes, missed diagnoses or delayed complica-
tions at other medical centers may not have been
captured in this analysis. In addition, final diagnoses
were determined retrospectively and were based on
available documentation of the clinical encounter.
Furthermore, there was no standardized protocol
in the ED for the evaluation of patients experienc-
ing dizziness. Therefore, misclassification of final

TABLE 5. Predictors of Serious Neurologic Disease in

Clinical variable OR (9

Focal examination abnormality 8.5 (4.6

Age �60 y 6.2 (2.8

Imbalance as triage symptom 6.2 (2.8

Previous stroke 3.4 (1.6

Isolated dizziness 0.2 (0.0

Positional symptoms 0.7 (0.3

Diabetes mellitus 1.0 (0.4

Dix-Hallpike maneuver 0.2 (0.0

a CI � confidence interval; NA � not applicable; OR � odds r
b Age 60 years or older and predictors that were significantly a
multivariate model.
diagnoses and the potential for underestimating n

Mayo Clin Proc. � November 2012;87(11):1080-1088 � http://dx.doi
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the frequency of delayed presentations of serious
neurologic disease is possible. Similarly, because
neuroimaging was performed in 321 patients
(35%) based on the clinical suspicion of treating
physicians, some unusual presentations of serious
neurologic disease may have been missed. However,
a recent study using administrative data from
31,159 adults discharged from California EDs with
a primary diagnosis of dizziness or vertigo found a
cumulative incidence of only 0.63% and 0.32%
for cerebrovascular and cardiovascular events, re-
spectively, during the 180 days after discharge,
which suggests that the observed rates of serious
disease in the present cohort are unlikely to be
gross underestimates.21

CONCLUSION
In summary, most cases of acute dizziness or vertigo in
the ED are due to benign conditions, such as periph-
eral vertigo, orthostatic hypotension, and uncharacter-
ized dizziness. However, a small proportion of patients
with dizziness harbor serious neurologic disease. Phy-
sicians in the ED should maintain a high index of sus-
picion for serious causes, particularly if patients are
older, report imbalance, or have a focal neurologic def-
icit. Future studies should investigate the ability of ob-
jective clinical predictors to identify serious neurologic
diseases in patients with dizziness.

SUPPLEMENTAL ONLINE MATERIAL
Supplemental material can be found online at
http://www.mayoclinicproceedings.org.
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