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HINTS to Diagnose Stroke in the Acute Vestibular Syndrome
Three-Step Bedside Oculomotor Examination More Sensitive Than Early MRI Diffusion-Weighted Imaging
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Abstract

Background and Purpose— Acute vestibular syndrome (AVS) is often due to vestibular neuritis
but can result from vertebrobasilar strokes. Misdiagnosis of posterior fossa infarcts in emergency
care settings is frequent. Bedside oculomotor findings may reliably identify stroke in AVS, but
prospective studies have been lacking.

Methods— The authors conducted a prospective, cross-sectional study at an academic hospital.
Consecutive patients with AVS (vertigo, nystagmus, nausea/vomiting, head-motion intolerance,
unsteady gait) with =1 stroke risk factor underwent structured examination, including horizontal
head impulse test of vestibulo-ocular reflex function, observation of nystagmus in different gaze
positions, and prism cross-cover test of ocular alignment. All underwent neuroimaging and
admission (generally <72 hours after symptom onset). Strokes were diagnosed by MRI or CT.
Peripheral lesions were diagnosed by normal MRI and clinical follow-up.

Results— One hundred one high-risk patients with AVS included 25 peripheral and 76 central
lesions (69 ischemic strokes, 4 hemorrhages, 3 other). The presence of normal horizontal head
impulse test, direction-changing nystagmus in eccentric gaze, or skew deviation (vertical ocular
misalignment) was 100% sensitive and 96% specific for stroke. Skew was present in 17% and
associated with brainstem lesions (4% peripheral, 4% pure cerebellar, 30% brainstem
involvement; x2, P=0.003). Skew correctly predicted lateral pontine stroke in 2 of 3 cases in which
an abnormal horizontal head impulse test erroneously suggested peripheral localization. Initial
MRI diffusion-weighted imaging was falsely negative in 12% (all <48 hours after symptom onset).
Conclusions— Skew predicts brainstem involvement in AVS and can identify stroke when an
abnormal horizontal head impulse test falsely suggests a peripheral lesion. A 3-step bedside
oculomotor examination (HINTS: Head-Impulse—Nystagmus—Test-of-Skew) appears more
sensitive for stroke than early MRI in AVS.
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Video la/b: Horizontal Head Impulse Test of Vestibulo-Ocular Reflex Function
(description adapted from Newman-Toker DE, Kattah JC, Alvernia JE, Wang DZ. Normal head impulse
test differentiates acute cerebellar strokes from vestibular neuritis. Neurology. 2008;70:2378-2385)
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Video 2a/b: Examination for Nystagmus in Different Gaze Positions
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Video 3: Alternate Cover Test for Vertical Ocular Misalignment (skew deviation)
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Table 1.

Key Clinical Features in Patients With Peripheral Versus Central AVS

Table 3. Skew Deviation Relative to Neuroimaging in AVS

Stratified by h-HIT Results

Symptoms, Signs, and Imaging at Presentation PAVS (n=25) CAVS (n=76) NLR Central (95% CI)
Associated symploms 2% 1% 067 053085 | Fi:_; ﬁr:g";gh‘:n} me’:;i;“g " %E;S:ss
Acute auditory symptoms 0%t 3% 0.97 (0.94-1.01)
Headache or neck pain 12% 38% 0.70 (0.56-0.88)" Skew deviation abeent 24 51 6
General neurological signs (including truncal ataxia) 0% 51% 0.49 (0.39-0.61)" Normal h-HIT 0 4 4
Facial palsy 0% 19, 0.99 (0.96-1.01) Abnormal (untestable) 24 (0) 3(1% 02
Hemisensory loss 0% 3% 0.97 (0.94-1.01) h-HIT
Crossed sensory loss 0% 3% 0.97 (0.94-1.01) Skew dewlation presant 1 16 0
Dysphagia/dysarthria 0% 3% 097 (0.94-1.01) Normal h-HIT 0 4 0
Limb ataxia 0% 5% 0.95 (0.90-1.00) Abnormal (untestable) 110) 2(0 0(0)
Mental status abnormality (lethargy) 0% T% 0.93 (0.88-0.99) h-HIT
Hemiparesis (including UMN facial weakness) 0% 1% 0.89 (0.83-0.97) Skew deviation untestable 0 2t 1t
Severe truncal instability (cannot sit unassisted) 0% 34% 0.66 (0.56-0.77)* Normal h-HIT 0 1 1
Obvious oculomotor signs 0% 32% 0.68 (0.59-0.80)* Abnormal (untestable) 0(0) 01t 0(0)
Dominantly vertical or torsioral nystagmus 0% 12% 0.68 (0.81-0.96) h-HIT
Oculomotor paralysis (3-4-6, INO, gaze palsy) 0% 21% 0.79 (0.70-0.89)" Total 25 69 7
Subtle oculomotor signs 4% 100% 0.00 (0.00-0.11)* “Untestable due to lethargy.
Direction-changing horizontal nystagmus 0% 20% 0.80 (0.72-0.90)* TUntestable due to oculomotor pathology (gaze palsy, bilateral third nerve
Skew deviation present or untestable o 25%§ 0.78 (0.67-0.91)" palsy, seesaw nystagius).
CNS indicates central nervous system.
h-HIT normal or untestable 0% 93%|| 0.07 (0.03-0.15)*
Initial imaging abnormaly] 92% 97% 0.33 (0.05-2.22)
Acute infarct or hemorrhage +chronic lesions 0% 86% 014 (0.08-025¢ | Table 4. Bedside Signs and Initial MRI With DWI Test
Other acute pathology=chronic lesions 0% 1% 0.99 (0.96-1.01) Properties for Ischemic Stroke in AVS
Only chronic lesions (leukoaraiosis)] 92% 11% 11.18 (2.95-42 35)" | Sensitivity  Specificity NLR Stroke
*P=20.05 for difference of proportion present in PAVS versus CAVS. (n=69) (n=25) (95% CIy
TPaTJ'ents with rec:urlrent peripheral audiovestibular diselase were‘ excluded from the study; therefore, the absence General neurological signs* 19% 100% 0.81 (0.72-091)
of auditory symptoms in PAVS may not represent an unbiased estimate.
$Two patients with peripheral lesions developed skew deviation =1 week after symptom onset. These patients did Obvious oculomotor signs 28% 100% 0.72 (0.63-0.84)
not have skew at initial examination and are not counted here. Severe truncal ataxia 338 100% 0.67 (0.56-0.79)
s i i e o iy e s o e, mosmsos ot o oxmozras
Al subjects were required to have at least one stroke risk factor, so it is not surprising that imaging would often Initial MRI with DWI 88%t 100% 0.12 (0.06-0.22)
show evidence of leukoaraiosis even in those with peripheral diagnoses. Dangerous bedside HINTS 100% 96% 0.00 (0.00-0.12)

PAVS indicates peripheral AVS; CAVS, central AVS; NLR, negative likelihood ratio; UMN, upper motor neuron; INO,

internuclear ophthalmoplegia.

“Excluding severe truncal ataxia (this Table only).
T0f 25 ischemic strokes without obvious signs, 12 were pure cerebellar, 7
were |ateral medullary, 5 were lateral pontine or middie peduncle, and one was

a medial brainstem infarct.

fFalse-negative initial MRl with DWI occurred in 5 patients with lateral
medullary infarctions, one with lateral pontomedullary infarction, and 2 with

middle cerebellar peduncle infarction.
NLR indicates negative likelihood ratio.

Table 2. Key Clinical Features in Central AVS Caused by Ischemic Stroke by Lesion Location

Symptoms and Signs at Initial Presentation IM*Cin) WPorMCP=C(n) MPorMM@m MB(n) CO(N+)(m) CO(N-){n) Total (n)
Associated symptoms 5 2 0 1 ] 14 28
Acute auditory symptoms 1] 2 0 0 0 0 2
Headache or neck pain 5 0 0 1 6 14 26
General neurological signs 10 7 2 3 2 9 33
Limb ataxia 0 0 0 1 0 0 1
Crossed sensory loss 2 0 0 0 0 0 2
Dysphagia/dysarthria 2 0 0 0 0 0 2
Mental status abnormality (lethargy) 0 0 0 0 0 3 3
Hemiparesis (including UMN facial weakness) 0 3 1 1 0 1] 5
Severe truncal instability (cannot sit unassisted) 6 4 1 1 2 9 23
Oculomotor signs 17 12 11 B 8 15 69
Dominantly vertical or torsional nystagmus 3 1 1 1 0 0 &
Oculomotor paralysis (3-4-6, INO, gaze palsy) ] 9 5 0 14
Direction-changing horizontal nystagmus 4 0 0 1 3 15
Skew deviation presant 4 2 3 0 1 16*
h-HIT normal 17 8 1 5* 8 13 B62*
Total ischemic strokes 17 12 1 B 8 15 69

*Does not count untestable cases (2 skew, 2 h-HIT; see Table 3).

LM indicates lateral medulla; C, cerebellum; LP, lateral pons; MCP, middle cerebellar peduncle; MP, medial pons; MM, medial medulla; MB, midbrain; CO,
cerebellum only; (M+), nodulus invalved; (N—), nodulus not involved; UMN, upper mator neuron; INO, internuclear ophthalmoplegia.



