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ABSTRACT

Objective: To estimate the ability of bedside information to risk stratify stroke in acute dizziness
presentations.

Methods: Surveillance methods were used to identify patients with acute dizziness and nystagmus or
imbalance, excluding those with benign paroxysmal positional vertigo, medical causes, or moderate to
severe neurologic deficits. Strokewas defined as acute infarction or intracerebral hemorrhage on a clin-
ical or research MRI performed within 14 days of dizziness onset. Bedside information comprised his-
tory of stroke, theABCD2 score (age, blood pressure, clinical features, duration, and diabetes), an ocular
motor (OM)-based assessment (head impulse test, nystagmus pattern [central vs other], test of skew),
and a general neurologic examination for other CNS features.Multivariable logistic regressionwas used
to determine the association of the bedside information with stroke. Model calibration was assessed
using low (,5%), intermediate (5% to,10%), and high ($10%) predicted probability risk categories.

Results: Acute stroke was identified in 29 of 272 patients (10.7%). Associations with stroke were
as follows: ABCD2 score (continuous) (odds ratio [OR] 1.74; 95% confidence interval [CI] 1.20–
2.51), any other CNS features (OR 2.54; 95%CI 1.06–6.08), OM assessment (OR 2.82; 95%CI
0.96–8.30), and prior stroke (OR 0.48; 95% CI 0.05–4.57). No stroke cases were in the model’s
low-risk probability category (0/86, 0%), whereas 9 were in the moderate-risk category (9/94,
9.6%) and 20 were in the high-risk category (20/92, 21.7%).

Conclusion: In acute dizziness presentations, the combination of ABCD2 score, general neuro-
logic examination, and a specialized OM examination has the capacity to risk-stratify acute stroke
on MRI. Neurology® 2015;85:1869–1878

GLOSSARY
ABCD2 5 age, blood pressure, clinical features, duration, diabetes; CI 5 confidence interval; HINTS 5 head impulse, nys-
tagmus pattern, test of skew;HIT5 head impulse test; ICH5 intracerebral hemorrhage;OM5 ocular motor;OR5 odds ratio.

Patients with dizziness from stroke are challenging to identify because they often lack typical
stroke warning signs or symptoms.1–6

Prior studies have been performed to assess bedside decision support tools that could help to dis-
criminate stroke from other causes of acute dizziness.3,4,7 The ABCD2 score (age, blood pressure,
clinical features, duration, and diabetes) may also be useful in discriminating vascular from non-
vascular events.8–10 When assessed in a retrospective study of emergency department dizziness
presentations, the visits with a low-risk ABCD2 score (ABCD2 , 4) had a stroke frequency of
1% (5/512 patients) compared with 8.1% (32/395) in the high-risk group (ABCD2$ 4).3 Another
tool that has been developed to identify cases of dizziness-stroke is the HINTS assessment (head
impulse, nystagmus pattern, test of skew), which is based on a specialty bedside ocular motor (OM)
examination.4 HINTS has shown promising results, superior to the ABCD2 score (sensitivity/
specificity: ABCD2, 61%/62%; HINTS, 96.5%/84.4%) in a prospective study of acute dizziness.4

In this study, we expand on this prior work by evaluating the ability of the combination of
bedside predictors of stroke—including both the ABCD2 score and the specialized OM
examination—to stratify stroke risk using an MRI-based gold standard.
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METHODS Study design and setting. This was a prospec-
tive, single-center, observational study that enrolled patients from

November 21, 2009, to March 31, 2013. The main setting of

recruitment was the level 1 trauma center emergency room

with an annual volume of approximately 70,000 adult visits.

A minority of patients were identified in the outpatient or

inpatient settings.

Standard protocol approvals, registrations, and patient
consents. This study received approval from the University of

Michigan institutional review board for the research using human

subjects. Comprehensive written informed consent was obtained

from all patients enrolled in the study.

Study population. The target population was patients pre-

senting for acute dizziness without an obvious cause who also

had examination findings (i.e., nystagmus [spontaneous or

gaze-evoked] or imbalance when walking) that could be

attributable to neurologic dysfunction (table 1). To identify

potentially eligible cases, we used active and passive

surveillance methods (appendix e-1 on the Neurology® Web

site at Neurology.org).

Baseline clinical measurements. History of present illness

information was obtained in a structured fashion by either a

research assistant or investigator. The physical examination was

performed in a structured fashion by a study investigator, either

a neurologist fellowship trained in neuro-otology (K.A.K.) or

vascular neurology (E.E.A.), or an emergency medicine

physician fellowship trained in vascular neurology (W.J.M.).

Study examinations were performed before the MRI whenever

possible or blinded to the results of the MRI. The general

neurologic examination included assessment of visual fields,

cranial nerves, strength, sensation, coordination, and balance.

Patients were given up to 2 attempts to walk 10 consecutive

steps in tandem, and the maximum number of steps taken

before a side step was recorded or a 0 was recorded if the

patient declined the test. Hearing impairment was assessed

using finger rub.

The OM examination was performed including a nystagmus

assessment, assessment of skew deviation, and the head impulse

test (HIT) (appendix e-1). Patients were classified as having a cen-

tral pattern of nystagmus if any of the following were observed:

bidirectional gaze-evoked nystagmus, vertical nystagmus in any

position, or isolated torsional nystagmus (i.e., nystagmus that

was only in the torsional vector). Frenzel lenses were used as a

complementary part of the nystagmus assessment in a conve-

nience sample of 106 patients. Within individual patients, the

categorization of nystagmus applied in this study (see categories

below) did not change from the examination without Frenzel

lenses to an examination with them, so further details are not pre-

sented. Skew deviation was classified as present when alternating

vertical refixations were observed. The HIT vestibulo-ocular

reflex to each side was scored by examiners as normal (0), incon-

sistent/slight corrective saccade (1), small-amplitude corrective

saccade (2), medium-amplitude corrective saccade (3), or large-

amplitude corrective saccade (4). The HIT vestibulo-ocular reflex

was considered normal (finding absent) if the examiner scored 0

or 1 and abnormal (finding present) if the examiner scored 2, 3,

or 4. A second examiner, when available, also performed an OM

examination so that interobserver agreement could be estimated.

So that examination reliability could be measured including all

patients, the OM examination was also video-recorded.

Table 1 Inclusion and exclusion criteria

Inclusion criteria

Dizziness as a principal reason for the medical encountera

Continuous dizziness symptoms at the time of the study examination

Nystagmus (spontaneous or gaze-evoked) or objective and subjective new imbalance when walking. The minimum requirement for
objective imbalance was the inability to take 10 steps in tandem without a side step, after up to 2 attempts

Exclusion criteria

Age ,18 y, prisoners, patients not fluent in English or not able to provide informed consent because of cognitive or psychiatric
impairment

More than 14 d since onset of continuous dizziness at the time of study examinationb

Chronic recurrent dizziness (defined as $5 prior episodes similar in quality, intensity, and duration to the current symptoms, with
at least one episode more than a year prior and one within the past year)

History of multiple sclerosis

Dizziness thought to be the result of trauma, orthostatic hypotension, medication/drug intoxication, or a known medical or
neurologic disorder (e.g., hepatic encephalopathy, hydrocephalus)

Posterior canal benign paroxysmal positional vertigo (i.e., characteristic transient upbeat-torsional nystagmus on the Dix-Hallpike
test performed and interpreted by a study clinician [K.A.K., W.J.M., E.E.A.]) unless spontaneous or gaze-evoked nystagmus was
also presentc

Moderate to severe, new, CNS examination abnormalities (e.g., hemiparesis, hemisensory loss, axial ataxia, gaze palsy). Patients
with possible or only mild abnormalities (e.g., small deviations on coordination testing, mild dysarthria, or sensory symptoms) were
not excluded. Screening examinations performed/interpreted by a study (K.A.K., W.J.M., E.E.A.) or treating clinician. The examiner’s
judgment was used to determine whether the finding was consistent with a CNS abnormality and whether the severity was more
than a possible or mild abnormality

Patients with a contraindication to MRI

aDizziness symptoms were inclusive of vertigo (i.e., spinning or other illusory sensation of movement), lightheadedness,
gait imbalance, or otherwise undifferentiated dizziness.
b The time period of 14 days was selected because of the reduced sensitivity of MRI for new ischemia beyond this time
period.20–24
c Patients with horizontal positional nystagmus were not excluded because this pattern can be caused by central or
peripheral disorders.25,26
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From the medical record, we collected arrival date/time, first

recorded blood pressure, demographic information, and adminis-

tered medications. From the physician’s note, we abstracted med-

ical history and current medications.

Independent variables. The ABCD2 score was calculated for

each patient by assigning points as follows: age 60 years or

older5 1; systolic blood pressure$140 or diastolic blood pressure

$905 1; clinical features (new symptoms or examination findings

of unilateral weakness 5 2, speech disturbance without weakness

5 1); duration of symptoms (,10 minutes5 0, 10–59minutes5

1, $60 minutes 5 2); and diabetes (either medical history or

current use of an oral hypoglycemic medicine or insulin docu-

mented in the emergency department physician’s note) 5 1.8

The results of the OM examination were categorized into one

of the following 3 categories for each patient: no nystagmus or

skew, HINTS negative, or HINTS positive. Patients were as-

signed to the no-nystagmus or skew category when there was

no nystagmus or skew deviation on examination. The HIT was

not considered in this category because the value of the HIT in

an acute presentation without nystagmus is uncertain as exempli-

fied by the inclusion of patients without nystagmus in the first

HINTS development study but not the second.4,11 Patients were

assigned to the HINTS-negative category for the following find-

ings: noncentral classification of nystagmus (i.e., direction-fixed

horizontal nystagmus), plus an abnormal HIT (i.e., HIT score of

$2, suggesting a peripheral lesion) to the side opposite the fast

phase of the horizontal nystagmus, plus the absence of skew devi-

ation. Patients were assigned to the HINTS-positive category for

any of the following findings: a central pattern of nystagmus, or a

normal HIT (i.e., HIT score of 0 or 1, suggesting a central lesion)

to the side opposite the fast phase of direction-fixed horizontal

nystagmus, or the presence of skew deviation.11 Using this

scheme, a patient with nystagmus and bilaterally abnormal HITs

would be included in the HINTS-negative category as long as

central nystagmus and skew were not present.

A variable called “other CNS features” was used to indicate

the presence of new CNS signs or symptoms not included in the

ABCD2 or HINTS scales. This variable was dichotomized (0/1)

with a score of 1 indicating the presence of any possible or mild

bilateral weakness (note, the ABCD2 score specifies unilateral

weakness) or sensory signs or symptoms, visual field deficit, or

dysmetria on the finger-nose-finger test. As previously stated,

patients with moderate to severe other CNS features were

excluded from enrollment. The variable “prior stroke” (0/1)

was scored as a 1 when the treating physician’s note indicated

that the patient had a medical history of stroke.

Outcome measure. The primary outcome was an imaging-

based definition of stroke, specifically any acute infarction or

intracerebral hemorrhage (ICH) on MRI as determined by a

neuroradiologist. All enrolled participants were offered a

research MRI of the brain if a clinical MRI was not performed

or was performed within 24 hours of symptom onset and was

negative for acute infarction or ICH. Research MRIs were to

be performed .24 hours from symptom onset because of the

reduced sensitivity of MRI for acute infarction in the posterior

fossa when performed within 24 hours of symptom onset.4,12

Diffusion-weighted MRIs with apparent diffusion coefficient

maps were performed on either a 1.5T or 3T scanner

(appendix e-1).

Statistical analysis. Descriptive statistics were used to summa-

rize clinical characteristics of the study participants. The volume

of an acute infarction or ICH was measured using the ABC/2

method.13

Interrater agreement was calculated for both the 3-category

OM classification scheme and a nystagmus-only scheme (i.e.,

central pattern of nystagmus vs any other pattern or no nystag-

mus) using the k statistic. The 95% confidence intervals (CIs)

were calculated using bootstrapping with 10,000 repetitions. The

3-category scheme did not include the presence or absence of

skew deviation because the alternate cover test was not scored

in second examinations. Agreement was calculated separately

for each scheme between the first in-person assessor and the sec-

ond assessor either in person or by video review. Methods to

harmonize investigator examination scoring at the initiation of

the study included discussion and review of the examination

(after examination scores had been recorded) in 5 to 10 patients

and 10 meetings to review videotaped OM examinations.

Patients who did not have an MRI within 14 days of the onset

of continuous symptoms were excluded from further analysis. The

proportion of patients with acute infarction or ICH on MRI was

determined, along with the 95%CI calculated using the exact bino-

mial method. Next, a multivariable logistic regression model was

constructed to determine the association of the independent varia-

bles with acute infarction or ICH on MRI. The model’s indepen-

dent variables were ABCD2 score (continuous), the OM

assessment, history of stroke, and other CNS features. The OM

assessment used in the model was from the first in-person study

examination. The likelihood ratio test was performed comparing

the model without the OM assessment variable with the model that

included it. In a separate model, the OM assessment was reduced to

only the nystagmus assessment so that the discriminative ability of a

simplified OM assessment could be measured. Model discrimina-

tion was measured with the C statistic including 95% CIs. Internal

validation of model discrimination was assessed using bootstrapping

with replacement (1,000 replications) as described previously.14

The ability of the models to stratify stroke risk was evaluated using

model calibration that compared mean predicted probability to

mean observed outcomes within prespecified risk categories defined

as low (,5%), moderate (5% to ,10%), and high ($10%).

The following sensitivity analyses were performed: increasing

the threshold for an abnormal HIT from a small to medium ampli-

tude corrective saccade; reclassifying patients with possible inciden-

tal MRI infarction to the nonstroke category; expanding the

HINTS-positive OM category to include patients with nystagmus

who had a bilaterally abnormal HIT, imputation of the MRI result

in enrolled cases who did not receive MRI; and limiting cases to

those with the OM assessment conducted by K.A.K. Statistical

analysis was performed using Stata 13.1 (StataCorp, College Sta-

tion, TX). This report is in compliance with the STROBE state-

ment recommendations (see supplementary materials).

RESULTS The study enrolled 320 patients and 272
(85%) received an MRI within 14 days of symptom
onset (figure 1). Clinical characteristics of the study
population are presented in table 2. Interrater agree-
ment regarding the OM classification was fair for both
the 3-category OM scheme and the nystagmus-only
scheme (k, 0.24–0.40) (tables e-1–e-3).

An acute infarction or ICH on MRI was identified
in 29 of the 272 patients (10.7%; 95% CI 7.3%–

15.0%) (26 infarctions, 3 ICH). Of patients without
acute infarction or ICH onMRI, 91.4% (222/243) had
the last MRI .24 hours after symptom onset. One
stroke case had an initially negative MRI. In 3 cases
with acute infarction, the finding was possibly incidental
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based on the lesion size and location (table e-4). Non-
stroke cases with other acute CNS imaging findings
were a cerebellar tumor (1), enhancing demyelinating
plaque (1), presumed inflammatory brainstem lesion
(nonenhancing) (1), and cerebellitis (1).

The false-negative frequency (i.e., frequency of
stroke in the lowest-risk categories) was as follows:
ABCD2 , 4, 5.1% (8/157); OM assessment, 5.9%
(9/152) (4.9% [4/82], for HINTS peripheral find-
ings); other CNS features, 7.8% (17/219); and prior
stroke, 10.8% (28/260). The OM assessment was
positive for a central lesion in 20 of the 29 stroke
patients (69%). Of the 9 stroke patients who did
not have the central OM findings, 7 were in the
no-nystagmus category (5) and/or had an acute
infarction that was possibly incidental (3).

The results of the multivariable logistic regression
models are presented in table 3. The model 1 (including
full HINTS battery) C statistic was 0.77. Associations
with acute stroke were significant for ABCD2 score (p,
0.01) and other CNS features (p , 0.05), borderline

significant for the OM assessment (p 5 0.06), but not
significant for prior stroke (p5 0.54). The results were
similar in the 4 sensitivity analyses (table e-5). The
assessment of model 1 calibration (i.e., ability of the
model to stratify stroke risk) revealed that no stroke cases
occurred in the predicted low-risk category (0/86, 0%),
whereas 9 occurred in the predicted moderate-risk cat-
egory (9/94, 9.6%) and 20 in the predicted high-risk
category (20/92, 21.7%) (figure 2). In model 2, which
reduced the OM assessment to only the nystagmus
component, the central pattern of nystagmus was asso-
ciated with acute stroke (p, 0.01). However, model 2
calibration revealed that one patient in the low-risk cat-
egory had a stroke (1/109, 0.9%), which was an acute
cerebellar infarction (volume 0.08 cm3).

Details regarding the cases with acute infarction or
ICH on MRI are presented in tables e-4 and e-6.

DISCUSSION In this prospective study that used
rigorous case capture methods, a systematic clinical
patient evaluation, and objective imaging-based

Figure 1 Study flow diagram

Flow diagram of patient screening, enrollment, and outcome completion. aIn an additional 73 visits, potential participants
declined screening. bPatients not included in main analysis, but examination data were included in the interrater agreement
analysis. cOf patients who received an MRI (n 5 272), the initial MRI was performed for clinical purposes in 158 (58%) and
for research purposes in 114 (42%). A research MRI (either first or second study) was performed in 177 (65%) of the
patients. The first MRI was performed before the study bedside examination in 15% of patients (42/272). ED5 emergency
department.
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Table 2 Characteristics of the study populationa

Characteristic

Group 1: Patients with
acute stroke confirmed
by MRI (n 5 29)

Group 2: Patients without
acute stroke confirmed
by MRI (n 5 243)

Group 3: Patients
who did not receive
MRI (n 5 48)

Age, y, median (IQR) 60.6 (51.0, 71.3) 56.1 (48.6, 66.5) 55.8 (42.6, 70.6)

Age >60 yb 15 (52) 98 (40) 19 (40)

Female 8 (28) 131 (54)c 32 (67)d

Race/ethnicity

White, non-Hispanic 25 (86) 192 (79) 34 (71)

Black, non-Hispanic 3 (10) 31 (13) 9 (19)

Asian 1 (3) 11 (5) 3 (6)

Hispanic 0 (0) 9 (4) 1 (2)

Other 0 (0) 0 (0) 1 (2)

Diabetesb 13 (45) 37 (15)e 9 (19)

Prior stroke 1 (3) 11 (5) 1 (2)

Prior similar dizziness 9 (31) 95 (39) 16 (33)

Blood pressure

SBP, median (IQR) 155 (140, 169) 140 (129, 160) 143 (125, 167)

DBP, median (IQR) 80 (68, 91) 80 (72, 87) 78 (68, 85)

SBP ‡140 mm Hg or DBP ‡90 mm Hgb 22 (76) 131 (54)d 26 (54)

ABCD2 clinical features categoryb

0 22 (76) 215 (88) 43 (90)

1 4 (14) 15 (6) 5 (10)

2 3 (10) 13 (5) 0 (0)

Dizziness duration,b min

<10 0 (0) 0 (0) 0 (0)

10–59 0 (0) 0 (0) 0 (0)

‡60 29 (100) 243 (100) 48 (100)

Time, onset to arrival, h, median (IQR)f 10.6 (1.3, 25.4) 4.6 (2.1, 18.8) 5.7 (2.3, 37.6)

Time, onset to study clinical examination,
h, median (IQR)

25.2 (6.3, 46.3) 9.8 (5.0, 25.5)c 9.0 (4.8, 45.8)

Time, onset to last MRI, h, median (IQR) 36 (26, 111) 145 (48, 238)e N/A

Dizziness symptoms

Vertigo, any 19 (66) 202 (83)d 36 (75)

Imbalance, any 28 (97) 242 (99) 46 (96)

Other, any 14 (48) 182 (75)c 40 (83)

Other symptoms

Sensory 8 (28) 34 (14) 5 (10)

Speech 3 (10) 16 (7) 4 (8)

Weakness, unilateral 2 (7) 11 (5) 0 (0)

Headache, any 13 (45) 113 (47) 26 (54)

Headache, severe 2 (7) 19 (8) 4 (8)

Hearing loss 1 (3) 21 (9) 2 (4)

Nausea 21 (72) 206 (85) 39 (81)

Vomiting 18 (62) 132 (54) 19 (40)

Examination

Nystagmus, any 24 (83) 177 (73) 33 (69)

Nystagmus, central pattern 17 (59) 59 (24)e 17 (35)

Continued
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outcome, we found that the combination of readily
obtained clinical information and a specialized OM
assessment has the capacity to meaningfully stratify
stroke risk in a population of patients presenting
with acute dizziness and nystagmus or imbalance.

This study was unique because we used active and
passive surveillance methods to prospectively capture
acute dizziness cases and provided research MRIs
to study participants when a clinical MRI was not

performed. These methods enable a more generaliz-
able estimate of stroke prevalence—11% of the pop-
ulation had acute infarction or ICH—than any prior
study of patients with acute dizziness and nystagmus
or imbalance.

Our findings indicate that the ABCD2 score and
the specialized OM evaluation both meaningfully
influence the probability of stroke at the individual
patient level in this acute dizziness cohort, even

Table 2 Continued

Characteristic

Group 1: Patients with
acute stroke confirmed
by MRI (n 5 29)

Group 2: Patients without
acute stroke confirmed
by MRI (n 5 243)

Group 3: Patients
who did not receive
MRI (n 5 48)

HIT scoreg

0 8 (28) 79 (33) 23 (48)

1 4 (14) 40 (16) 8 (17)

2 7 (24) 54 (22) 9 (19)

3 9 (31) 40 (16) 6 (13)

4 1 (3) 29 (12) 2 (4)

Skew deviation 3 (10) 6 (3) 3 (6)

Tandem steps, median (IQR) 0 (0, 4) 2 (0, 5) 3.5 (0, 8)d

Visual field cut 0 (0) 1 (0.4) 0 (0)

Dysarthria 3 (10) 1 (0.4)c 2 (4)

Motor weakness, any 1 (3) 3 (1) 0 (0)

Dysmetria 7 (24) 7 (3)e 1 (2)

Sensory deficit 3 (10) 7 (3) 0 (0)

Hearing loss (new) 5 (17) 40 (16) 7 (15)

OM category

0 (no nystagmus) 5 (17) 65 (27)d 15 (31)

1 (HINTS negative) 4 (14) 78 (32) 7 (15)

2 (HINTS positive) 20 (69) 100 (41) 26 (54)

ABCD2 score, median (IQR) 4 (3, 5) 3 (2, 4)e 3 (2, 4)

Any other CNS features 12 (41) 41 (17)c 6 (13)

Any CNS featureh 15 (52) 54 (22)c 8 (17)

Admitted (hospital or observation unit) 28 (97) 93 (38)e 15 (31)

Abbreviations: ABCD2 5 age, blood pressure, clinical features, duration, diabetes; DBP5 diastolic blood pressure; HINTS 5

head impulse, nystagmus pattern, test of skew; HIT 5 head impulse test; IQR 5 interquartile range; OM 5 ocular motor;
SBP 5 systolic blood pressure.
Data are n (%) unless otherwise indicated. Differences between the groups were assessed as group 1 vs group 2
(differences noted in the group 2 column), and separately for groups 1 and 2 vs group 3 (differences noted in the group 3
column).
aCharacteristics of the entire study population (n 5 272): median time from symptom onset to study examination was 11
hours (IQR, 5–27 hours). Thirty-eight percent of patients reported at least one prior episode of similar dizziness. A ben-
zodiazepine or antihistamine medication had been administered to 41.9% of the patients (114/272) before the study
examination. Nystagmus was present in 73.9% of patients. The median number of steps patients could take in tandem was
2 (IQR, 0–5).
b Individual component of the ABCD2 score.
cp , 0.01.
dp , 0.05.
ep , 0.001.
fData not included for one patient with stroke in hospital and one nonstroke patient presenting as outpatient.
gScore reflects the highest HIT score to either side. Data for HIT not available for one patient in the nonstroke group
because patient declined test.
h Inclusive of “any other CNS features” variable and the ABCD2 clinical features category.
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adjusting for all model predictors. Prior studies have
only analyzed the ABCD2 score and OM assessment
as singular diagnostic tests in acute dizziness presen-
tations.3,4 Our results do not support the prior stud-
ies’ conclusions that the ABCD2 or OM assessment
alone can identify a sufficiently low-risk group
because we found that the stroke frequency in the
low-risk group of each of these variables was .5%
(more than 1 in 20). The difference between our
findings and those of the prior ABCD2-based study
likely relate to the study populations. The popula-
tion in the prior retrospective ABCD2-based study
was all dizziness symptom presentations including
patients with obvious medical causes, transient or
chronic symptoms, and a normal examination.3 This
differed from our study, which required new-onset
and constant symptoms in addition to examination
abnormalities.

Our population was similar to the prior studies
concluding that the OM assessment could be used
to identify a sufficiently low-risk group.4,11 These
study populations were restricted to the acute dizzi-
ness segment that has been labeled the “acute vestib-
ular syndrome,” which requires new-onset constant
symptoms and nystagmus or gait abnormalities. An
important difference between our study and the
HINTS development studies might be that the
HINTS population comprised more severe dizziness
cases since that study used referral-based recruitment
(resulting in the capture of only 193 patients over 14
years), nearly all patients underwent clinical MRIs,
and the population had a very high stroke prevalence
(60%).4 High disease prevalence and increased disease
severity are both factors known to bias assessments of
tests toward higher accuracy.15,16 Factors that could
have reduced the accuracy of our OM assessments

Table 3 Results of multivariable logistic regression models with dependent variable of acute infarction or
intracerebral hemorrhage on MRI

Primary variables
Model 1: Including all HINTS
components (n 5 272)

Model 2: Limited to nystagmus-only
scheme for the ocular motor
examination (n 5 272)

ABCD2 (continuous)a 1.74 (1.20–2.51)b 1.67 (1.17–2.40)b

Prior stroke 0.48 (0.05–4.85) 0.51 (0.05–5.36)

Other CNS featuresc 2.54 (1.06–6.08)d 2.45 (1.02–5.88)d

Ocular motor assessment

Three-category schemee,f

No nystagmus or skew Reference —

HINTS negative 0.98 (0.24–4.02) —

HINTS positive 2.82 (0.96–8.30) —

Nystagmus-only schemeg

Central pattern of nystagmus — 3.56 (1.55–8.16)b

C statistic (95% CI) 0.77 (0.69–0.84) 0.78 (0.71–0.86)

Bootstrapped C statistic estimate 0.73 0.76

Abbreviations: ABCD2 5 age, blood pressure, clinical features, duration, diabetes; CI 5 confidence interval; HINTS 5 head
impulse, nystagmus pattern, test of skew.
Data represent odds ratio (95% CI).
a ABCD2 (modeled continuously) assigns points based on the following: age 60 years or older 5 1; systolic blood pressure
$140 mm Hg or diastolic blood pressure$90 mm Hg5 1; clinical features (symptoms or examination findings of unilateral
weakness 5 2, speech disturbance without weakness 5 1); duration of symptoms (,10 minutes 5 0, 10–59 minutes 5 1,
$60 minutes 5 2) (note that duration of symptoms was .60 minutes for all patients); and diabetes 5 1.
bp , 0.01.
cOther CNS features includes mild findings of any of the following: visual field deficit, dysmetria, or sensory symptoms or
deficits. These are CNS features not included in the ABCD2 score or HINTS assessment.
dp , 0.05.
e Three-category scheme is as follows: no nystagmus or skew 5 no nystagmus on examination and no skew deviation;
HINTS negative 5 direction-fixed horizontal nystagmus, plus abnormal head impulse test to side opposite fast phase of
horizontal nystagmus, plus no skew deviation; HINTS positive 5 central pattern of nystagmus, or direction-fixed horizontal
nystagmus with normal head impulse test to side opposite fast phase of horizontal nystagmus, or presence of skew
deviation.
f Likelihood ratio test found improvement in model fit comparing a model that did not include the ocular motor assessment
(i.e., all model 1 variables except the ocular motor assessment) with a model that did (p , 0.05).
gNystagmus-only scheme is as follows: central pattern of nystagmus (i.e., any of bidirectional gaze-evoked nystagmus,
persistent vertical nystagmus scored in any position, or isolated torsional nystagmus) vs reference of any other nystagmus
or no nystagmus.
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were the inclusion of patients without nystagmus
(patients without nystagmus were included in some
prior HINTS analyses but not others4,11), potentially
incidental infarctions, or inferior examinations com-
pared with HINTS development studies, which re-
ported an area under the curve of 0.995 (95% CI
0.985–1.000) for detecting central causes.4

Another unique aspect of the current study was the
measurement of the interobserver agreement of the OM
assessment. We found the agreement to be in the fair
range, which is not uncommon with neurologic exam-
ination components.17 Agreement in the current study
could reflect test characteristics or a difference in exam-
iner characteristics (skills/techniques). Examiners in this

study were from different backgrounds and only one
was a neuro-otologist. The fair agreement thus approx-
imates what might be expected if this classification
scheme was used by a variety of physicians of differing
backgrounds after a small number of training/harmoni-
zation sessions. If the reliability of the OM examination
is lower in practice than when performed by a neuro-
otologist, the performance of the overall strategy would
decline. This might require that the OM assessment
strategy use different training/harmonization methods,
stipulate the level of examiner specialty training, or use
an automated measurement device.18

Future work should be performed to define
acceptable risk tolerance (i.e., frequency of false-
negative results) for stroke diagnosis. This informa-
tion is necessary for designating decision cutpoints
that are based on the probability of stroke. Accep-
tance of higher risk (e.g., 5%) is likely to enable a
decision tool with fewer components than if a lower
risk is required (e.g., ,1%).

There were limitations to this study. This was a
single-center study at a tertiary medical center.
The generalizability of our examination (both for
patient selection [e.g., excluding patients with poste-
rior canal benign paroxysmal positional vertigo] and
model item components) to providers outside this
study is not known. The predictiveness of the model
for other central disorders was not evaluated. We
prespecified the MRI-based stroke outcome because
stroke is the most common dangerous central cause
of dizziness and because ABCD2 and HINTS were
exclusively or primarily developed as stroke identifi-
cation tools. The focus on acute infarction/ICHmay
increase the importance of the ABCD2 score relative
to the OM assessment. Prior reports indicate that
MRI can miss acute infarction.4 Our methods to
obtain MRI.24 hours after onset should have miti-
gated this occurrence. A composite stroke determi-
nate measure (incorporating clinician judgment) was
not applied since the clinicians would have used the
index test components to classify the outcome
(incorporation bias).19 Additional validation work
is necessary before these approaches are endorsed
for use in routine practice.
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