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Abstract: Background: We assessed whether detection of stroke underlying acute vertigo using
HINTS plus (head-impulse test, nystagmus type, test of skew, hearing loss) can be improved by
video-oculography for automated head-impulse test (V-HIT) analysis. Methods: We evaluated
patients with acute vestibular syndrome (AVS) presenting to the emergency room using HINTS plus
and V-HIT-assisted HINTS plus in a randomized sequence followed by cranial MRI and caloric testing.
Image-confirmed posterior circulation stroke or vertebrobasilar TIA were the reference standards to
calculate diagnostic accuracy. We repeated statistical analysis for a third protocol that was composed
post hoc by replacing the head-impulse test with caloric testing in the HINTS plus protocol. Results:
We included 30 AVS patients (ages 55.4 ± 17.2 years, 14 females). Of these, 11 (36.7%) had posterior
circulation stroke (n = 4) or TIA (n = 7). Acute V-HIT-assisted HINTS plus was feasible and displayed
tendentially higher accuracy than conventional HINTS plus (sensitivity: 81.8%, 95% CI 48.2–97.7%;
specificity 31.6%, 95% CI 12.6–56.6% vs. sensitivity 72.7%, 95% CI 39.0–94.0%; specificity 36.8%, 95%
CI 16.3–61.6%). The new caloric-supported algorithm showed high accuracy (sensitivity 100%, 95%
CI 66.4–100%; specificity 66.7%, 95% CI 41–86.7%). Conclusions: Our study provides pilot data on
V-HIT-assisted HINTS plus for acute AVS assessment and indicates the diagnostic value of integrated
acute caloric testing.

Keywords: stroke; vertigo; acute vestibular syndrome; HINTS; V-HIT; video-oculography; dizziness;
neurology

1. Introduction

Dizziness accounts for up to 4–6% of all emergency department visits, and 4% of
these patients have an underlying cerebrovascular pathology [1]. Although vertebrobasilar
stroke frequently presents with sole acute vestibular syndrome (AVS), defined as new
and persistent acute vertigo or dizziness, with additional nausea/vomiting, head motion
intolerance, or new gait unsteadiness, its detection is missed in up to one third of these
patients [2]. However, vestibular neuritis is by far the most common cause of AVS, and
therefore, rapid diagnostic discrimination is crucial to initiate acute stroke care in those with
AVS of cerebrovascular origin [3]. As immediate cranial magnetic resonance imaging (MRI)
is frequently not available, several tools have been designed to detect stroke patients among
those presenting with AVS at the emergency department including HINTS plus (head-
impulse test [HIT], nystagmus type, test of skew, hearing loss) and video-oculography-
assisted HIT (V-HIT) [3–5].
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We aimed to explore the diagnostic performance of V-HIT-assisted HINTS plus in the
identification of acute stroke in patients presenting with AVS.

2. Materials and Methods
2.1. Participants and Protocol

We conducted a diagnostic randomized open-label method comparison pilot study
at the emergency department of a tertiary stroke center in Germany (University Hospital
Carl Gustav Carus, Dresden). We included consecutive patients with AVS presenting to
our emergency department within 7 days after onset of symptoms. We excluded patients
with postural vertigo defined as repeated, brief periods of spinning sensations following
changes in the position of the head associated by nausea with positive Dix–Hallpike or roll
test, visual impairment with inability of gaze stabilization, cervical spine impairment com-
promising conduction of head impulse test, history of psychogenic vertigo, consumption
of alcohol or drugs, known ocular or vestibular disorder, or any other condition resulting
in inability to participate in vertigo assessment.

Following medical history and neurological physical examination, all study partic-
ipants underwent conventional HINTS plus (head-impulse test [HIT], nystagmus type,
test of skew, hearing loss) and V-HIT-assisted HINTS plus in a random derangement of
test order. An investigator (K.B.) generated the allocation sequence using a web-based
random number generator. Additionally, we performed a detailed diagnostic workup
including caloric testing to detect peripheral vestibular dysfunction and cranial MRI to
detect ischemic lesions in the posterior circulation. Evaluation of cMRI was performed after
index vertigo assessments (HINTS plus and V-HIT-assisted HINTS plus) by experienced
neuroradiologists blinded to study specific procedures. When clinical but not imaging
assessment led to suspicion of stroke, MRI was repeated after 48–72 h from study inclu-
sion. Imaging-confirmed posterior circulation stroke or vertebrobasilar TIA as defined
by the Guidelines for the Prevention of Stroke in Patients with Stroke and Transient Is-
chemic Attack of the American Heart Association Stroke Council and with an ABCD2
score ≥ 4 points and/or other focal neurological signs were defined as reference standard
to calculate diagnostic performance of applied vertigo assessment protocols [6,7].

2.2. HINTS Plus

A stroke fellow (C.T.) performed the HINTS plus test as consecutive performance
of HIT, assessment of nystagmus characteristics, test of skew via cover-uncover test, and
bilateral hearing assessment by finger rubbing as previously described [3].

2.3. V-HIT-Assisted HINTS Plus

Video-oculography was performed using a high-speed compact camera (220 Hz
sampling rate) attached to lightweight goggles (EyeSeeCam HIT, Interacoustics, Middelfart,
Denmark) for quantitative recording of eye and head movements during head-impulse
test as previously described [5,8]. Briefly, in a sitting position 1.5 m in front of a fixation
target at eye level, the camera system captures usually undetectable covert saccades during
the head movement as well as overt saccades that occur after the head movement and are
usually detectable clinically.

2.4. Caloric Testing

Warm and cold-water stimulation caloric testing was performed separately for each
ear with video-oculography-assisted detection of vestibular nystagmus, with absent or de-
creased response indicating peripheral vestibular dysfunction as previously described [9].

2.5. Cranial Magnetic Resonance Imaging

A standardized cranial stroke imaging protocol was used to provide emergency
imaging diagnostics to detect posterior fossa infarction: T2 turbo spin echo (axial and
sagittal acquisition; slice thickness 3 mm), epiplanar diffusion imaging with b values 0 and
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1000 (axial acquisition; slice thickness 3 mm), apparent diffusion coefficient (ADC) mapping,
and T2 gradient echo (GRE) sequence (axial acquisition; slice thickness 3 mm). A 3.0 Tesla
Siemens Magnetom Verio MRI Scanner (Siemens Healthineers, Erlangen, Germany) was
used. Acute ischemia was determined by a focal lesion diffusion restriction caused by
cytotoxic edema, with cell swelling and extracellular space reduction confirmed by a lesion
ADC decrease. In addition, GRE differentiated underlying hemorrhage.

2.6. Caloric Testing Assisted NTS Plus

While the initial main goal of this study was to determine the diagnostic value of
adding video-oculography to the HINTS plus test algorithm, our preliminary observations
of limited accuracy for both protocols led us to compose and evaluate a new testing protocol
post hoc by replacing HIT results with the results of caloric testing in the statistical analysis
of accuracy of the HINTS protocol. Thus, our suggested new testing algorithm combines
caloric testing with test of nystagmus, skew, and hearing (Cal-NTS plus).

2.7. Statistical Analysis

Analyses were performed using STATA (Version 12.1, StataCorp., College Station, TX,
USA). Given the exploratory nature of the pilot study, we did not conduct a sample size
calculation. Data are reported as mean ± standard deviation, median (interquartile range,
IQR), or percentage according to type and distribution. Between-group comparisons were
conducted using chi-squared test, Fisher’s exact test, Student’s t-test, and Wilcoxon rank-
sum test, where appropriate. Diagnostic performance parameters including sensitivity,
specificity, positive and negative predictive value (PPV and NPV), overall accuracy, and 95%
confidence intervals (95% CI) were computed for C-HINTS plus, V-HIT-assisted-HINTS
plus, and Cal-NTS plus. The equality of sensitivity and specificity for these approaches was
tested using the McNemar’s chi-squared test. For this purpose, sensitivities and specificities
were compared separately among diseased and non-diseased patients. p-value ≤ 0.05 was
considered statistically significant.

3. Results

During the 12-month study period, we included n = 30 AVS patients (age 55.4 ± 17.2 years,
F/M 0.88), and of these, n = 11 (36.7%) displayed an underlying cerebrovascular pathology
with MRI-confirmed posterior circulation ischemic stroke (n = 4) or vertebrobasilar TIA
with an ABCD2 score ≥ 4 (n = 7). The median elapsed time between symptom onset and
cMRI was 1 day (IQR, 2). The STARD flow diagram is shown in Figure 1.

No adverse events were noted from any of the performed vertigo assessments. We
noted no indeterminate index test or reference standard results except for missing caloric
tests from three patients, which were handled as a complete case analysis.

V-HIT-assisted HINTS plus tended to perform slightly better than C-HINTS plus
(sensitivity 81.8%, 95% CI 48.2–97.7%; specificity 31.6%, 95% CI 12.6–56.6% vs. sensitivity
72.7%, 95% CI 39.0–94.0%; specificity 36.8%, 95% CI 16.3–61.6%). Replacing the head
impulse test with caloric testing in the HINTS protocol seemed to further improve the
diagnostic performance of the test with respect to the detection of a cerebrovascular cause
of AVS (sensitivity 100%, 95% CI 66.4–100%; specificity 66.7%, 95% CI 41–86.7%). The
sensitivities and specificities for the detection of the cerebrovascular cause of AVS did
not differ (p > 0.05) among the three approaches. However, only the caloric testing-based
algorithm was more frequently suggestive of central pathology in the group of patients
with underlying stroke or TIA than in those without (p = 0.001, Table 1) The diagnostic
accuracy parameters are detailed in Table 2. Exemplary findings from the V-HIT and MRI
assessment are shown in Figure 2.



J. Clin. Med. 2021, 10, 4471 4 of 10J. Clin. Med. 2021, 10, x FOR PEER REVIEW 4 of 11 
 

 

 
(A) 

Figure 1. Cont.



J. Clin. Med. 2021, 10, 4471 5 of 10J. Clin. Med. 2021, 10, x FOR PEER REVIEW 5 of 11 
 

 

 
(B) 

Figure 1. Cont.



J. Clin. Med. 2021, 10, 4471 6 of 10J. Clin. Med. 2021, 10, x FOR PEER REVIEW 6 of 11 
 

 

 
(C) 

Figure 1. STARD Flow diagram. (A) C-HINTS plus; (B) V-HIT assisted HINTS plus; (C) Cal-NTS plus. 
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Figure 1. STARD Flow diagram. (A) C-HINTS plus; (B) V-HIT assisted HINTS plus; (C) Cal-NTS plus.

Table 1. Demographics and baseline characteristics.

Study Population
(n = 30)

Peripheral Lesion
(n = 19)

Central Lesion
(n = 11) p

Demographics
females, n (%) 14 (46.7) 10 (71.4) 4 (28.6) 0.47

age (years) 55.4 ± 17.2 50.2 (15.8) 64.5 (16.2) 0.02
Cardiovascular risk profile

diabetes mellitus type II, n (%) 5 (16.7) 2 (10.5) 3 (27.3) 0.33
arterial hypertension, n (%) 21 (70.0) 12 (63.2) 9 (81.8) 0.42

hyperlipidemia, n (%) 6 (20.0) 2 (10.5) 4 (36.4) 0.16
smoking, n (%) 8 (26.7) 6 (31.6) 2 (18.2) 0.67

coronary artery disease, n (%) 1 (3.3) 0 1 (9.1) 0.37
atrial fibrillation, n (%) 0 (0) 0 0

sleep apnea, n (%) 0 (0) 0 0
history of stroke/TIA, n (%) 4 (13.3) 0 4 (36.4) 0.01

Clinical symptoms
dizziness/vertigo 100 (100) 19 (100) 11 (100)

nausea/vomiting, n (%) 26 (86.7) 16 (84.2) 10 (90.9) 1.0
head motion intolerance, n (%) 14 (46.7) 10 (52.6) 4 (36.6) 0.47
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Table 1. Cont.

Study Population
(n = 30)

Peripheral Lesion
(n = 19)

Central Lesion
(n = 11) p

gait unsteadiness, n (%) 27 (90) 16 (84.2) 11 (100) 0.28
head/neck pain, n (%) 3 (10.0) 2 (10.5) 1 (9.1) 1.0

double vision, n (%) 2 (6.7) 0 2 (18.2) 0.13
dysphagia, n (%) 0 (0) 0 0

slurred speech, n (%) 1 (3.3) 1 (5.3) 0 1.0
paresis, n (%) 0 (0) 0 0

sensory disturbance, n (%) 0 (0) 0 0
new hearing impairment, n (%) 3 (10) 2 (10.5) 1 (9.1) 1.0

Clinical examination
hearing loss, n (%) 1 (3.3) 1 (5.3) 0 1.0

gait unsteadiness, n (%) 26 (86.7) 15 (78.9) 11 (100) 0.27
spontaneous nystagmus, n (%) 17 (56.7) 12 (63.2) 5 (45.5) 0.45

smooth pursuit abnormality, n (%) 4 (13.3) 1 (5.3) 3 (27.3) 0.13
saccades abnormality, n (%) 2 (6.7) 0 1 (9.1) 0.37

gaze evoked nystagmus, n (%) 2 (6.7) 0 2 (18.2) 0.13
abnormal test of skew, n (%) 0 (0) 0 0
ocular muscle paresis, n (%) 0 (0) 0 0

abnormal conventional HIT, n (%) 10 (33.3) 7 (36.8) 3 (27.3) 0.7
abnormal V-HIT, n (%) 8 (26.7) 6 (31.6) 2 (18.2) 0.67

Caloric testing
peripheral lesion (total), n (%) 15 (55.6) * 13 (72.2) 0 0.001

HINTS plus
abnormal C-HINTS plus, n (%) 20 (66.7) 12 (63.2) 8 (72.7) 0.7

abnormal V-HIT assisted HINTS plus, n (%) 22 (73.3) 13 (68.4) 9 (81.8) 0.67
abnormal Cal-NTS plus, n (%) 14 (50) 6 (33.3) 9 (100) 0.001

Cranial MRI
vertebrobasilar ischemic lesion, n (%) 4 (13.3) 0 4 (36.4) 0.01

Diagnosis
vertebrobasilar stroke, n (%) 4 (13.3)

posterior TIA/DWI-neg. stroke, n (%) 7 (23.3)
vestibular neuritis, n (%) 12 (40)

other, n (%) 7 (23.3)

Data are presented for the entire study cohort as well as for subgroups of patients with and without central lesion on cMRI. p-values refer
to comparisons between these subgroups. Data are expressed as mean ± standard deviation or percentage. Two patients with suspected
posterior circulation stroke and negative initial cMRI underwent repeated cMRI (n = 2). * caloric testing (n = 27). Abbreviations: HINTS
plus, head-impulse test, nystagmus type, test of skew, hearing loss; v-HIT, video-oculography assisted head-impulse test; C-HINTS plus,
conventional HINTS plus; Cal-NTS plus, caloric testing combined with nystagmus testing, test of skew, and hearing loss; MRI, magnetic
resonance imaging; DWI-negative stroke; clinical suspicion of stroke without confirmed lesion on diffusion weighted imaging.

Table 2. Accuracy of the evaluated test algorithms.

Clinical Algorithm Sensitivity
(95% CI)

Specificity
(95% CI)

PPV
(95% CI)

NPV
(95% CI)

Accuracy
(95% CI)

C-HINTS plus 72.7 (39.0–94.0) 36.8 (16.3–61.6) 40.0 (19.1–63.9) 70.0 (34.8–93.3) 50.0 (31.3–68.7)

V-HIT assisted-HINTS plus 81.8 (48.2–97.7) 31.6 (12.6–56.6) 40.9 (20.7–63.6) 75.0 (34.9–96.8) 50.0 (31.3–68.7)

Cal-NTS plus 100 (66.4–100) 66.7 (41.0–86.7) 60.0 (32.3–83.7) 100 (73.5–100) 77.8 (57.7–91.4)

Diagnostic accuracy parameters are presented with 95% confidence intervals for each evaluated test algorithm. We noted no indeterminate
index test or reference standard results except for missing caloric tests from three patients, which were handled as complete case analysis.
Abbreviations: C-HINTS plus, conventional HINTS plus; V-HIT, video-oculography assisted head-impulse test; Cal-NTS plus, caloric
testing combined with nystagmus testing, test of skew, and hearing loss; PPV, positive predictive value; NPV, negative predictive value.
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Figure 2. Video-oculography and cranial MRI correlates. (A) Conventional and V-HIT-assisted
HINTS plus with an abnormal pattern, but normal caloric testing and brainstem and cerebellar MRI
without pathological findings (diffusion trace map). (B) Abnormal pattern on conventional and
V-HIT-assisted HINTS plus suggestive of a central lesion. Right paramedian punctuate diffusion
restriction of an acute pontine infarction (yellow arrow). (C) Benign pattern on both HINTS plus
examinations suggestive of peripheral vestibulopathy, unremarkable diffusion MRI, caloric testing
confirmed unilateral vestibulopathy on the right side.

4. Discussion

The major finding of this study is that V-HIT-assisted HINTS plus is a feasible tool
to screen patients with AVS for underlying stroke with slightly increased diagnostic per-
formance when compared to the conventional HINTS plus testing algorithm. Moreover,
our study provides pilot data for testing the hypothesis that replacing the head-impulse
test with rapid caloric testing leads to further improvement of the diagnostic accuracy of
HINTS plus.

The HINTS examination has revolutionized the acute assessment of patients with
AVS, and initial research has even suggested that the clinical algorithm outperforms cranial
MRI in the diagnostic discrimination of peripheral and cerebrovascular etiology within the
first 2 days after symptom onset [4]. However, a recent meta-analysis synthesizing data
from 617 AVS patients found that HINTS in isolation cannot rule out central causes when
performed by emergency physicians because of limited sensitivity (83%) and specificity
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(44%) [10]. In fact, test sensitivity and specificity seem to be highly dependent on the degree
of the training of physicians, and clinicians with less experience are more likely to miss
positive HITs [11–13]. Moreover, the initial misclassification of the type of vertigo may lead
to a diagnostic error because the test algorithm lacks precision when it is not applied to the
appropriate clinical scenario [14]. It is noteworthy that the most frequent misclassification
of vertigo is a consequence of the failure to capture spontaneous nystagmus suppressed
by visual fixation, resulting in a diagnosis of positional vertigo. Viewed in conjunction
with our study, it may be concluded that the wide use of HINTS plus benefits from the
supplementation of objective diagnostic technology to balance heterogeneity in the degree
of training among physicians applying the test.

Consistent with previous research, we observed a tendentially increased diagnostic ac-
curacy in detecting cerebrovascular causes of AVS when video-oculography was performed
to detect eye movements in the head-impulse test that are not visible to the human eye [8].
It is noteworthy that the confidence intervals for sensitivity were overlapping, possibly
limiting the interpretability of this increase. Moreover, the observed slight increase in
diagnostic accuracy needs to be balanced with the increase in technical demands by adding
video-oculography to the testing protocol, even though our data support the feasibility
of the technique as part of the emergency work up. Because of the limited improvements
achieved by using video-oculography as an integrative part of standardized vertigo assess-
ment, we went on and composed a new testing protocol post hoc by combining caloric
testing with nystagmus assessment, test of skew, and test of hearing. Repeated statistical
analysis revealed a further increase in diagnostic performance for the new protocol, result-
ing in a rate of false negative results of zero. However, caloric testing was not part of the
investigational diagnostic test algorithms, as it was performed after the emergency work
up. Therefore, our results need to be interpreted with caution and we cannot comment on
the feasibility of caloric-testing-assisted vertigo assessment at initial presentation to the
emergency room. However, modified caloric testing protocols were shown to provide a
feasible procedure for swift bedside evaluation of vestibular function outside the vestibular
laboratory [15]. Viewed in conjunction with our data, these advances form a basis for
follow-up research in a larger sample of AVS to determine the feasibility and diagnostic
accuracy of rapid caloric testing as part of the proposed Cal-NTS plus algorithm to detect
underlying stroke. However, it is noteworthy that technical improvements of the HINTS
plus test might only increase diagnostic performance in clinical practice if the selection
of patients to receive the assessment is done adequately. In fact, a recent retrospective
chart review study in a large cohort of patients with acute vertigo (n = 2309) revealed the
limited diagnostic value of HINTS plus when performed by emergency room physicians,
most likely attributable to the improper evaluation of clinical criteria to receive the HINTS
plus exam [16]. The relatively long period of a maximum of 7 days between the onset of
vertigo and inclusion may have affected diagnostic performance in our study population.
A narrower time window might be useful in follow-up research to facilitate diagnostic dis-
crimination. However, this limitation applies equally to all investigative testing algorithms.
Thus, it is unlikely that comparability between assessments has been compromised by the
onset-to-inclusion time period.

5. Conclusions

While video-oculography for the analysis of HIT may slightly improve the diagnostic
performance of the HINTS assessment, a combination of caloric testing, nystagmus assess-
ment, test of skew, and test of hearing might be more effective in detecting stroke in AVS
patients. Although the generalizability of our observations requires confirmation in a large
sample of AVS patients, the randomized testing protocol and the confirmation of diagnosis
by MRI in all participants suggest a high internal validity.

Author Contributions: Conceptualization, T.S. and K.B.; methodology, K.B.; software, K.B.; formal
analysis, K.B.; investigation, T.S., C.G. and E.S.; resources, H.R.; data curation, K.B.; writing—original
draft preparation, T.S.; writing—review and editing, C.G., E.S., A.S., H.H.K., L.-P.P., J.B., H.R., V.P. and



J. Clin. Med. 2021, 10, 4471 10 of 10

K.B.; visualization, T.S., H.H.K. and K.B.; supervision, J.B., H.R., V.P. and K.B.; project administration,
K.B. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study conforms with World Medical Association Decla-
ration of Helsinki. The study was approved by the local institutional review board (Ethikkommission
an der TU Dresden; EK389102018).

Informed Consent Statement: Written and oral informed consent was obtained from each partici-
pant.

Data Availability Statement: All data are available from the corresponding author upon reasonable
request.

Conflicts of Interest: T.S. is an editorial board member of J. Clin. Med. C.G., E.S., A.S., H.H.K., L.P.,
J.B., H.R., V.P. and K.B. declare no conflict of interest.

References
1. Newman-Toker, D.E.; Hsieh, Y.H.; Camargo, C.A., Jr.; Pelletier, A.J.; Butchy, G.T.; Edlow, J.A. Spectrum of dizziness visits to US

emergency departments: Cross-sectional analysis from a nationally representative sample. Mayo Clin. Proc. 2008, 83, 765–775.
[CrossRef] [PubMed]

2. Saber Tehrani, A.S.; Kattah, J.C.; Mantokoudis, G.; Pula, J.H.; Nair, D.; Blitz, A.; Ying, S.; Hanley, D.F.; Zee, D.S.; Newman-Toker,
D.E. Small strokes causing severe vertigo: Frequency of false-negative MRIs and nonlacunar mechanisms. Neurology 2014, 83,
169–173. [CrossRef] [PubMed]

3. Lee, S.H.; Kim, J.S. Differential diagnosis of acute vascular vertigo. Curr. Opin. Neurol. 2020, 33, 142–149. [CrossRef] [PubMed]
4. Newman-Toker, D.E.; Kerber, K.A.; Hsieh, Y.H.; Pula, J.H.; Omron, R.; Saber Tehrani, A.S.; Mantokoudis, G.; Hanley, D.F.; Zee,

D.S.; Kattah, J.C. HINTS outperforms ABCD2 to screen for stroke in acute continuous vertigo and dizziness. Acad. Emerg. Med.
2013, 20, 986–996. [CrossRef] [PubMed]

5. MacDougall, H.G.; Weber, K.P.; McGarvie, L.A.; Halmagyi, G.M.; Curthoys, I.S. The video head im-pulse test: Diagnostic accuracy
in peripheral vestibulopathy. Neurology 2009, 73, 1134–1141. [CrossRef] [PubMed]

6. Kernan, W.N.; Ovbiagele, B.; Black, H.R.; Bravata, D.M.; Chimowitz, M.I.; Ezekowitz, M.D.; Fang, M.C.; Fisher, M.; Furie, K.L.;
Heck, D.V.; et al. American Heart Association Stroke Council, Council on Cardiovascular and Stroke Nursing, Council on Clinical
Cardiology, and Council on Peripheral Vascular Disease. Guidelines for the prevention of stroke in patients with stroke and
transient ischemic attack: A guideline for healthcare professionals from the American Heart Association/American Stroke
Association. Stroke 2014, 45, 2160–2236. [PubMed]

7. Navi, B.B.; Kamel, H.; Shah, M.P.; Grossman, A.W.; Wong, C.; Poisson, S.N.; Whetstone, W.D.; Josephson, S.A.; Johnston, S.C.;
Kim, A.S. Application of the ABCD2 score to identify cerebrovascular causes of dizziness in the emergency department. Stroke
2012, 43, 1484–1489. [CrossRef] [PubMed]

8. Newman-Toker, D.E.; Saber Tehrani, A.S.; Mantokoudis, G.; Pula, J.H.; Guede, C.I.; Kerber, K.A.; Blitz, A.; Ying, S.H.; Hsieh, Y.H.;
Rothman, R.E.; et al. Quantitative video-oculography to help diagnose stroke in acute vertigo and dizziness: Toward an ECG for
the eyes. Stroke 2013, 44, 1158–1161. [CrossRef] [PubMed]

9. Starkov, D.; Strupp, M.; Pleshkov, M.; Kingma, H.; van de Berg, R. Diagnosing vestibular hypofunction: An update. J. Neurol.
2021, 268, 377–385. [CrossRef] [PubMed]

10. Ohle, R.; Montpellier, R.A.; Marchadier, V.; Wharton, A.; McIsaac, S.; Anderson, M.; Savage, D. Can Emergency Physicians
Accurately Rule Out a Central Cause of Vertigo Using the HINTS Examination? A Systematic Review and Meta-analysis. Acad.
Emerg. Med. 2020, 27, 887–896. [CrossRef] [PubMed]

11. Kerber, K.A.; Meurer, W.J.; Brown, D.L.; Burke, J.F.; Hofer, T.P.; Tsodikov, A.; Hoeffner, E.G.; Fendrick, A.M.; Adelman, E.E.;
Morgenstern, L.B. Stroke risk stratification in acute dizziness presentations: A prospective imaging-based study. Neurology 2015,
85, 1869–1878. [CrossRef] [PubMed]

12. Newman-Toker, D.E. Comment: Diagnosing stroke in acute dizziness–do the “eyes” still have it? Neurology 2015, 85, 1877.
[CrossRef] [PubMed]

13. Jorns-Haderli, M.; Straumann, D.; Palla, A. Accuracy of the bedside head impulse test in detecting vestibular hypofunction. J.
Neurol. Neurosurg. Psychiatry 2007, 78, 1113–1118. [CrossRef] [PubMed]

14. Kattah, J.C. Update on HINTS Plus, With Discussion of Pitfalls and Pearls. J. Neurol. Phys. Ther. 2019, 43 (Suppl. 2), S42–S45.
[CrossRef] [PubMed]

15. Schmäl, F.; Lübben, B.; Weiberg, K.; Stoll, W. The minimal ice water caloric test compared with established vestibular caloric test
procedures. J. Vestib. Res. 2005, 15, 215–224. [CrossRef] [PubMed]

16. Dmitriew, C.; Regis, A.; Bodunde, O.; Lepage, R.; Turgeon, Z.; McIsaac, S.; Ohle, R. Diagnostic Accuracy of the HINTS Exam in an
Emergency Department: A Retrospective Chart Review. Acad. Emerg. Med. 2021, 28, 387–393. [CrossRef] [PubMed]

http://doi.org/10.4065/83.7.765
http://www.ncbi.nlm.nih.gov/pubmed/18613993
http://doi.org/10.1212/WNL.0000000000000573
http://www.ncbi.nlm.nih.gov/pubmed/24920847
http://doi.org/10.1097/WCO.0000000000000776
http://www.ncbi.nlm.nih.gov/pubmed/31789704
http://doi.org/10.1111/acem.12223
http://www.ncbi.nlm.nih.gov/pubmed/24127701
http://doi.org/10.1212/WNL.0b013e3181bacf85
http://www.ncbi.nlm.nih.gov/pubmed/19805730
http://www.ncbi.nlm.nih.gov/pubmed/24788967
http://doi.org/10.1161/STROKEAHA.111.646414
http://www.ncbi.nlm.nih.gov/pubmed/22442167
http://doi.org/10.1161/STROKEAHA.111.000033
http://www.ncbi.nlm.nih.gov/pubmed/23463752
http://doi.org/10.1007/s00415-020-10139-4
http://www.ncbi.nlm.nih.gov/pubmed/32767115
http://doi.org/10.1111/acem.13960
http://www.ncbi.nlm.nih.gov/pubmed/32167642
http://doi.org/10.1212/WNL.0000000000002141
http://www.ncbi.nlm.nih.gov/pubmed/26511453
http://doi.org/10.1212/WNL.0000000000002155
http://www.ncbi.nlm.nih.gov/pubmed/26511454
http://doi.org/10.1136/jnnp.2006.109512
http://www.ncbi.nlm.nih.gov/pubmed/17220287
http://doi.org/10.1097/NPT.0000000000000274
http://www.ncbi.nlm.nih.gov/pubmed/30883493
http://doi.org/10.3233/VES-2005-15405
http://www.ncbi.nlm.nih.gov/pubmed/16286703
http://doi.org/10.1111/acem.14171
http://www.ncbi.nlm.nih.gov/pubmed/33171003

	Introduction 
	Materials and Methods 
	Participants and Protocol 
	HINTS Plus 
	V-HIT-Assisted HINTS Plus 
	Caloric Testing 
	Cranial Magnetic Resonance Imaging 
	Caloric Testing Assisted NTS Plus 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

