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ABSTRACT
Background and purpose  Acute vestibular syndrome 
(AVS) typically manifests as isolated dizziness or vertigo 
with no apparent neurological impairments. However, 
distinguishing life-threatening stroke from innocuous 
peripheral vestibular lesions in the emergency room 
(ER) remains challenging. This study aimed to explore 
the ability of the head impulse-nystagmus-test of skew 
(HINTS) combined with truncal ataxia or ABCD2 score to 
differentiate stroke from peripheral vestibular disease in 
patients with AVS in the ER.
Methods  We prospectively recruited 121 patients with 
AVS from December 2022 to June 2023, 69 of whom 
presented with vestibular neuritis (VN) and the remaining 
with posterior circulation stroke (PCS). We analysed 
the HINTS results, truncal ataxia and ABCD2 score and 
compared the sensitivity and specificity among HINTS, 
truncal ataxia, ABCD2 score and their combinations using 
the McNemar test for paired samples.
Results  HINTS combined with grade 2-3 truncal ataxia 
achieved significantly higher sensitivity than that of 
isolated HINTS in differentiating PCS from VN (100% vs 
88.5%, p=0.031). The specificity of HINTS plus grade 
2-3 truncal ataxia did not significantly differ from that of 
isolated HINTS (p=0.125); however, the combination of 
ABCD2 score and HINTS did not improve the diagnostic 
accuracy. The sensitivity of ABCD2 score ≥4 plus grade 
2-3 truncal ataxia was significantly higher than those of 
isolated ABCD2 score ≥4 or isolated grade 2-3 truncal 
ataxia (p=0.016 and p<0.001, respectively) and not 
significantly lower than that of isolated HINTS (p=0.508).
Conclusion  Compared with the ABCD2 score, the 
truncal ataxia is of more valuable assistance to HINTS in 
differentiating PCS. Although the combination of ABCD2 
score and truncal ataxia has a significant implication, it is 
not a replacement for HINTS.

INTRODUCTION
Acute vestibular syndrome (AVS), charac-
terised as acute persisting vertigo or dizzi-
ness, is primarily caused by benign vestibular 
neuritis (VN) or life-threatening posterior 
circulation stroke (PCS).1 Vertigo or dizzi-
ness due to PCS may accompany various focal 
neurological deficits based on the structures 

involved (eg, dysarthria, cranial nerve defi-
cits, Horner’s syndrome and appendicular 
ataxia).2 However, approximately 25% of PCS 
may present with isolated vertigo or dizzi-
ness without additional typical neurological 
symptoms or signs, predominantly involving 
the brainstem or cerebellum.3 Distinguishing 
between cerebellar–brainstem stroke and VN 
in the emergency room (ER) remains chal-
lenging.

A clinical assessment of head impulse-
nystagmus-test of skew (HINTS) is introduced 
to differentiate stroke in patients with AVS.4 5 
HINTS has demonstrated excellent accuracy 
and even outperformed early diffusion-
weighted imaging (DWI) in MRI within 
48 hours postonset.4 Previous meta-analyses 
have revealed that the diagnostic efficacy 
of HINTS examinations conducted by ER 

WHAT IS ALREADY KNOWN ON THIS TOPIC

	⇒ Head impulse-nystagmus-test of skew (HINTS) ex-
aminations play an important role in the differential 
diagnosis of acute dizziness in the emergency room 
(ER); however, the rate of utilisation in the ER is still 
low.

WHAT THIS STUDY ADDS

	⇒ By combining HINTS with grade 2-3 truncal ataxia, 
we achieved a significantly higher sensitivity than 
that of isolated HINTS. The sensitivity of ABCD2 score 
≥4 plus grade 2-3 truncal ataxia was significantly 
higher than those of isolated ABCD2 score ≥4 or iso-
lated grade 2-3 truncal ataxia and not significantly 
lower than that of isolated HINTS.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ Combining truncal ataxia with HINTS will be a valu-
able tool for differentiating posterior circulation 
stroke in the ER with higher accuracy. The combina-
tion of ABCD2 score and truncal ataxia also plays an 
important role.
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physicians or non-subspecialist clinicians was significantly 
inferior to those conducted by specialised neurologists.6 7 
Due to the limited knowledge, inadequate patient toler-
ance, lack of targeted training and insufficient confidence, 
the application of HINTS by non-subspecialist clinicians 
or ER physicians in real-world settings is low.8 9 Therefore, 
it is imperative to optimise HINTS by integrating it with 
other easily accessible clinical assessments in the ER.

Severe truncal ataxia is a sign of the vestibulospinal 
reflex, which frequently presents in PCS.10 Physicians who 
are not specialised in vestibular disorders may overlook 
the evaluation of truncal coordination due to the patient’s 
severe dizziness. Previous studies have illustrated that 
truncal ataxia alone or combined with subitems of HINTS 
reached 100% sensitivity in differentiating cerebellar/
brainstem stroke.11 12 Another easily available substitute 
to HINTS is the ABCD2 score, which is effective in identi-
fying patients at high risk of stroke following a transient 
ischaemic attack (TIA) or minor stroke,13 14 including 
cases where the presenting symptoms concerning for TIA 
are dizziness/vertigo.15 However, whether truncal ataxia 
or ABCD2 score is more effective in optimising HINTS 
remains to be determined. In contrast to the high demand 
for specific skills and compliance of patients during 
HINTS assessment, truncal ataxia and ABCD2 score are 
both much easier to evaluate but have less accuracy.12 16 
Whether the combined application of truncal ataxia and 
ABCD2 score could differentiate stroke in acute dizziness 
remains uninvestigated.

Therefore, in this study, we aimed to optimise HINTS 
using the truncal ataxia or ABCD2 score, evaluate the 
ability of truncal ataxia plus ABCD2 score to identify PCS, 
and obtain a more accessible and reliable clinical assess-
ment to distinguish PCS among patients with AVS in the 
ER.

METHODS
Study population and design
This was a prospective observational study conducted 
between December 2022 and June 2023 in the inde-
pendent neurology ER at Beijing Tiantan hospital. 
Consecutive patients who visited the ER with AVS defined 
as new spontaneous and persisting vertigo, dizziness or 
imbalance (lasting for >24 hours) were enrolled. Patients 
who reached below 24 hours following the onset of their 
symptoms were evaluated on admission and followed up 
in the emergency observation room. All patients were 
admitted within 7 days of symptoms onset.

The exclusion criteria were as follows: (1) symptoms 
remission in less than 24 hours postadmission; (2) accom-
panied with major deficits such as unconsciousness, 
aphasia or hemiparesis at initial visit (small deficits such 
as small limb ataxia, sensory symptoms or mild dysarthria 
were not excluded); (3) missing MRI data, including DWI 
to confirm the final diagnosis and (4) other or unclear 
aetiology that did not meet the diagnostic criteria of VN 

or PCS. Finally, patients diagnosed with VN and cere-
bellar–brainstem ischaemic stroke were included.

Clinical information and assessment
The demographic and clinical information, including 
systolic blood pressure (SBP), diastolic blood pressure 
(DBP), smoking and drinking status, clinical symptoms 
and medical history, was collected at the initial ER visit. 
Smoking was defined as having smoked at least 100 ciga-
rettes throughout an individual’s lifespan.17 Drinking was 
defined as the ingestion of ≥30 g/week for ≥1 year.17 The 
ABCD2 score was a stroke risk prediction score ranging 
from 0 to 7 based on age, blood pressure, clinical features, 
duration of symptoms and diabetes, and started at 2 due 
to the requirement for persistent dizziness in our study 
and was assessed as previously described.15

On admission, the patients underwent the following 
neuro-otological tests: (1) gaze-evoked nystagmus obser-
vation; (2) clinical horizontal head impulse test (HIT; 
if corrective saccade occurred, it was judged as posi-
tive, while when no corrective saccade occurred, it was 
negative)18; and (3) skew deviation using the alternate 
cover test. Any of the following signs indicated the pres-
ence of central nystagmus: (1) vertical nystagmus; (2) 
isolated torsional nystagmus or (3) bidirectional gaze-
evoked nystagmus.19 20 HINTS was classified as central 
if at least one of the following three components was 
observed: central nystagmus, negative HIT or skew devia-
tion. HINTS was categorised as peripheral when it exhib-
ited all the following characteristics: positive HIT, no or 
unidirectional nystagmus and no skew deviation. Truncal 
ataxia was also assessed as grade 1 (mild and moderate 
imbalance when walking independently), grade 2 (severe 
imbalance when standing, but cannot walk without 
support) or grade 3 (falling from upright posture). For 
accurate evaluation, all patients must try to walk instead 
of just subjectively considering that the patient was 
‘unable to walk’10 and were required to stand promptly 
from the supine position, ensuring a continuous motion 
without any interruptions. We also conducted a range of 
general neurological tests, namely evaluations of hearing, 
cranial nerves, muscle strength, sensation, limb coordi-
nation and balance. All these exams were performed in 
the neurology ER by a specialised and trained neurolo-
gist who was blinded to the MRI and caloric test results. 
Another neurologist, also blinded to imaging results, 
re-evaluated the patients’ performance and reviewed 
the results of these exams within 24 hours of admission. 
The two neurologists have, respectively, been engaged 
in neurovestibular specialty for 6 and 12 years. Through 
theoretical research, instructional videos and bedside 
teaching, they have gained proficiency in using HINTS 
assessment in clinical settings.

All patients underwent MRI with DWI sequences 
postonset. In cases when patients exhibited clinical signs 
suggestive of central lesions or new neurological symp-
toms during hospitalisation but with initial negative DWI, 
a repeated follow-up delayed MRI scan was conducted 
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after 48 hours postonset. The lesions on DWI were 
double-confirmed by radiological reports and a clinical 
neurologist. For DWI-negative patients, caloric tests were 
performed to evaluate the vestibular function and further 
confirm the VN diagnosis. Patients with VN were also 
assigned to the neurology outpatient department and 
underwent further follow-up for new neurological deficits 
and improvement of vestibular symptoms for more than 
1-month postonset.

Diagnosis of PCS and VN
The diagnosis of VN was made based on the following 
diagnostic criteria for acute unilateral vestibulopathy21: 
(1) presence of unidirectional horizontal-torsional 
nystagmus; (2) an abnormal HIT result manifesting as 
ipsilateral findings in the direction of the slow phase of 
nystagmus or impaired semicircular function in caloric 
tests; (3) no evidence of acute central neurological symp-
toms/signs or acute audiological symptoms and (4) 
normal MRI-DWI results. The diagnosis of PCS was made 
according to the presence of lesions on DWI located in 
the cerebellum and/or brainstem.

Statistical analysis
The patients were divided into two groups, namely VN 
and PCS. Continuous variables were described as the 
means ± standard deviation (SD) or the medians (inter-
quartile range [IQR]) depending on whether the distri-
bution of continuous variables were normal. If the data 
were normally distributed, the comparisons were analysed 
using Student’s t-test, otherwise the Mann-Whitney U 
test was used. Categorical variables were described as 
frequencies with percentages and were compared using 
the χ2 test. As part of the receiver operating characteristic 
(ROC) analysis, sensitivity versus 1−specificity for PCS 
was graphed using the ABCD2 score at various numerical 
thresholds ranging from ≥2 to ≥7. Comparisons of sensi-
tivity/specificity among HINTS, ABCD2 score, truncal 
ataxia and their combinations were performed using 
the McNemar test for paired samples, applying the Yates 
continuity correction.22

A p<0.05 was considered statistically significant. All 
analyses were performed by using the SPSS software 
(V.24.0; IBM).

RESULTS
Demographic information and clinical characteristics
A total of 121 patients were enrolled in the analysis 
(figure 1), of whom 66.1% (80/121) were males with 
a median age of 55.0 years (IQR 40.0–64.0 years); 69 
patients were diagnosed as VN and 52 as PCS. Among 
the 52 patients with PCS, the vascular territories 
included posterior inferior cerebellar artery (PICA) 
(31/52, 59.6%), anterior inferior cerebellar artery 
(AICA) (11/52, 21.2%), superior cerebellar artery 
(SCA) (3/52, 5.8%), basilar artery (BA) (1/52, 1.9%) 
or multiterritory (6/52, 11.5%). Infarcts were located 
in the cerebellum (37/52, 71.2%), medulla (5/52, 

9.6%), pons (1/52, 1.9%), cerebellum and medulla 
(4/52, 7.7%), cerebellum and pons (4/52, 7.7%) or 
in the medulla and pons (1/52, 1.9%) (online supple-
mental table 1).

Patients in the PCS group were more likely to be 
older with higher SBP and DBP and increased vascular 
risk factors, such as smoking, drinking, diabetes, 
hypertension and history of ischaemic stroke (all 
p<0.05) (table  1). False-negative MRI was obtained 
in 7.14% (4/56) of patients 8–24 hour postsymptom 
onset. Repeated MRI was performed, on average, 
6 days later, with a range of 2–8 days, to confirm the 
presence of stroke. The mean duration (median 
(IQR)) for the diagnostic stroke MRI was 73.5 (26.5–
144.0) hours. All patients underwent MRI within 14 
days of symptoms onset.

Bedside HINTS and truncal ataxia in PCS and VN
Among the 121 patients, 65.3% (79/121) presented 
with positive HIT (table 2). All patients with VN had 
a positive HIT while 10 (19.2%) patients with PCS 
exhibited a positive HIT. Among these 10 patients, 5 
had infarcts located within the AICA territory, while 
the remaining 5 had cerebellar or medulla infarcts 
with a mass effect on the cerebellopontine angle 
structure in the PICA territory. We observed that 
30.8% of patients with PCS had central nystagmus, 
5.8% (3/52) had vertical nystagmus, 5.8% (3/52) had 
isolated torsional nystagmus and 19.2% (10/52) had 
bidirectional nystagmus. Skew deviation was detected 
only in 13.5% of PCS patients. HINTS-central was 
detected in 88.5% (46/52) of patients with PCS but 
was not detected in patients with VN. HINTS yielded 
a sensitivity of 88.5% (95% CI 75.9% to 95.2%) and 
specificity of 100.0% (95% CI 93.4% to 100.0%) in 
differentiating PCS. After excluding patients without 
nystagmus, HINTS yielded a sensitivity of 89.1% (95% 
CI 75.6% to 95.9%) and specificity of 100.0% (95% CI 
93.1% to 100.0%) (table 3).

Grade 3 truncal ataxia never occurred in the VN 
group. Grade 3 truncal ataxia was reported in 63.5% 
(33/52) of patients with PCS. Grade 2 truncal ataxia 

Figure 1  Flow chart of the patients selection. AVS, acute 
vestibular syndrome; ER, emergency room; PCS, posterior 
circulation stroke; VN, vestibular neuritis.
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was detected in both VN and PCS, accounting for 5.8% 
(4/69) and 17.3% (9/52) of cases, respectively. The 
presence of grade 3 truncal ataxia showed a sensitivity 
of 63.5% (95% CI 48.9% to 76.0%) and specificity of 
100.0% (95% CI 93.4% to 100.0%) (table  3). While 
grade 2-3 truncal ataxia acted as a cut-off, the sensi-
tivity was 80.8% (95% CI 67.0% to 89.9%) and speci-
ficity of 94.2% (95% CI 85.1% to 98.1%).

ABCD2 score performance in identifying PCS
The ROC curve for ABCD2 score, used to predict 
PCS, demonstrated an area under the curve (AUC) 
of 0.843 (95% CI 0.770 to 0.916; p<0.001) (figure 2). 
We respectively assessed the sensitivity and specificity 
of ABCD2 score ≥3 and ABCD2 score ≥4. ABCD2 score 
≥3 reached a sensitivity of 90.4% (95% CI 78.2% to 
96.4%) and a specificity of 52.2% (95% CI 39.9% to 

Table 1  Baseline characteristics of the total participants

Variables
Total
N=121

VN
N=69

PCS
N=52 P value

Age, median (IQR) 55.0 (40.0–64.0) 47.0 (36.0–59.5) 61.0 (52.3–68.8) <0.001

Males, n (%) 80 (66.1) 38 (55.1) 42 (80.8) 0.570

SBP, median (IQR) 134.0 (120.0–158.0) 120.0 (115.5–140.0) 156.0 (137.0–177.5) <0.001

DBP, median (IQR) 77.0 (70.0–94.5) 70.0 (69.5–79.5) 92.0 (80.0–103.0) <0.001

Onset to admission time (hour), median (IQR) 24.0 (12.0–72.0) 24.0 (12.0–48.0) 31.0 (12.3–72.0) 0.188

Onset to MRI time (hour), median (IQR) 144.0 (56.0–216.0) 170.0 (120.0–264.0) 73.5 (26.5–144.0) <0.001

Smoking, n (%) 35 (28.9) 5 (7.2) 30 (57.7) <0.001

Drinking, n (%) 9 (7.4) 1 (1.4) 8 (15.4) 0.004

Diabetes, n (%) 31 (25.6) 9 (13.0) 22 (42.3) <0.001

Hypertension, n (%) 49 (40.5) 16 (23.2) 33 (63. 5) <0.001

Dyslipidaemia, n (%) 9 (7.4) 5 (7.2) 4 (7.7) 1.000

History of ischaemic stroke, n (%) 9 (7.4) 2 (2.9) 7 (13. 5) 0.038

CHD, n (%) 8 (6.6) 2 (2.9) 6 (11.5) 0.073

CHD, coronary heart disease; DBP, diastolic blood pressure; PCS, posterior circulation stroke; SBP, systolic blood pressure; VN, vestibular 
neuritis.

Table 2  Clinical assessments of the enrolled patients

Variables
Total
N=121

VN
N=69

PCS
N=52 P value

HIT positive, n (%) 79 (65.3) 69(100) 10 (19.2) <0.001

Nystagmus, n (%) <0.001

 � No 9 (7.4) 3 (4.3) 6 (11.5)

 � Unidirectional 96 (79.3) 66 (95.7) 30 (57.7)

 � Vertical 3 (2.5) 0 3 (5.8)

 � Isolated torsional 3 (2.5) 0 3 (5.8)

 � Bidirectional 10 (8.3) 0 10 (19.2)

Skew deviation, n (%) 7 (5.8) 0 7 (13.5) 0.002

HINTS-central, n (%) 46 (38.0) 0 46 (88.5) <0.001

Truncal ataxia, n (%) <0.001

 � Grade 0 35 (28.9) 29 (42.0) 6 (11.5)

 � Grade 1 40 (33.1) 36 (52.2) 4 (7.7)

 � Grade 2 13 (10.7) 4 (5.8) 9 (17.3)

 � Grade 3 33 (27.3) 0 33 (63.5)

ABCD2 score, median (IQR) 3 (2, 4) 2 (2, 3) 4 (3, 5) <0.001

HINTS, head impulse-nystagmus-test of skew; HIT, head impulse test; PCS, posterior circulation stroke; VN, vestibular neuritis.

 on June 20, 2025 by guest. P
rotected by copyright.

http://svn.bm
j.com

/
S

troke V
asc N

eurol: first published as 10.1136/svn-2023-002779 on 25 M
arch 2024. D

ow
nloaded from

 

http://svn.bmj.com/


� 689Liu X, et al. Stroke & Vascular Neurology 2024;9:e002779. doi:10.1136/svn-2023-002779

Open access

64.2%). The sensitivity of ABCD2 score ≥4 was 69.2% 
(95% CI 54.7% to 80.9%) and the specificity was 
84.1% (95% CI 72.8% to 91.4%) (table 3).

Bedside HINTS plus ABCD2 or truncal ataxia in identifying PCS
We combined HINTS and ABCD2 score or truncal ataxia 
to improve the performance of HINTS (table 4). HINTS 
plus ABCD2 score ≥3 reached a higher sensitivity of 98.1% 
(95% CI 88.4% to 99.9%) but a lower specificity of 52.2% 
(95% CI 39.9% to 64.2%). Simultaneously, HINTS plus 
ABCD2 score ≥4 showed a higher sensitivity of 96.2% 
(95% CI 85.7% to 99.3%) but a lower specificity of 76.6% 
(95% CI 61.6% to 87.2%).

Furthermore, the sensitivity also increased when truncal 
ataxia was added to the HINTS assessment. HINTS 
plus grade 3 truncal ataxia reached a higher sensitivity 
of 98.1% (95% CI 88.4% to 99.9%), and the specificity 
remained at 100.0% (95% CI 93.4% to 100.0%). Notably, 
HINTS plus grade 2 -3 truncal ataxia showed a higher 
sensitivity of 100.0% (95% CI 91.4% to 100.0%), and the 
specificity was slightly reduced to 94.2% (95% CI 85.1% 
to 98.1%). Comparisons of HINTS and its combinations 
are shown in figure  3A. The sensitivity was significantly 
improved in combination with grade 2-3 truncal ataxia 
compared with that of isolated HINTS (p=0.031), while 
the specificity did not differ (p=0.125). However, other 
combination patterns did not significantly increase the 
sensitivity of HINTS (p>0.05).

ABCD2 plus truncal ataxia in identifying PCS
ABCD2 ≥4 plus grade 2-3 truncal ataxia yielded a sensi-
tivity of 94.2% (95% CI 83.1% to 98.5%) and specificity 
of 81.2% (95% CI 69.6% to 89.2%) in differentiating 
PCS from VN (table 4). Compared with isolated ABCD2 
score ≥4 or isolate grade 2-3 truncal ataxia, ABCD2 score 
≥4 plus grade 2-3 truncal ataxia reached a significantly 
higher sensitivity (p=0.016 and p<0.001, respectively) 
(figure 3B). The sensitivity between ABCD2 score ≥4 plus 
grade 2-3 truncal ataxia and HINTS did not statistically 
differ (p=0.508). While the specificity of ABCD2 score 
≥4 plus grade 2-3 truncal ataxia was lower than that for 
HINTS (p<0.001).

The sensitivity of ABCD2≥4 for stroke varied by age 
(18–39 years, 28.6%; 40–59 years, 50.0%; ≥60 years, 92.6%) 
(online supplemental table 2), while that of ABCD2 
≥4 plus grade 2-3 truncal ataxia substantially decreased to 
85.7% (95% CI 42.0% to 99.2%) in the young patients 
aged <40 years old. For those ≥60 years, the sensitivity was 
highest at 100.0% (95% CI 84.5% to 100.0%).

DISCUSSION
In the current analysis, we combined HINTS with grade 
2-3 truncal ataxia and achieved significantly higher sensi-
tivity than that of isolated HINTS. Additionally, ABCD2 
score ≥4 plus grade 2-3 truncal ataxia exhibited compa-
rable sensitivity to that of HINTS but lower specificity, 
both of which were notably impacted by the patient’s age.

HINTS could reach a sensitivity of 97.9%–100% and a 
specificity of 65.4%–96% in distinguishing stroke from 
AVS.4 23 The specificity of HINTS reached 100% in our 
study, marginally higher than that previously reported. 
The potential occurrence of false negatives in peripheral-
HINTS during VN diagnosis was attributed to 5% (4/72) 
to 10% (1/10) of patients with VN exhibiting skew devi-
ation.12 24 However, we found no skew deviation in VN 
patients. A mild degree of skew deviation was difficult 
to detect in the presence of spontaneous nystagmus,4 
and the onset time at enrollment surpassed that of prior 
studies, leading to the elimination of skew deviation in 
VN patients.

Table 3  Sensitivity and specificity of HINTS, ABCD2 and truncal ataxia in the differentiation of PCS with VN

Variables
Sensitivity, %
(95% CI)

Specificity, %
(95% CI)

Positive predictive 
value, % (95% CI)

Negative predictive 
value, % (95% CI)

HINTS 88.5 (75.9% to 95.2%) 100.0 (93.4% to 100.0%) 100.0 (90.3% to 100.0%) 92.0 (82.8% to 96.7%)

HINTS with nystagmus 89.1 (75.6% to 95.9%) 100.0 (93.1% to 100.0%) 100.0 (89.3% to 100.0%) 93.0 (83.7% to 97.4%)

ABCD2≥3 90.4 (78.2% to 96.4%) 52.2 (39.9% to 64.2%) 58.8 (47.2% to 69.5%) 87.8 (73.0% to 95.4%)

ABCD2≥4 69.2 (54.7% to 80.9%) 84.1 (72.8% to 91.4%) 76.6 (61.6% to 87.2%) 78.4 (67.0% to 86.8%)

Truncal ataxia (3) 63.5 (48.9% to 76.0%) 100.0 (93.4% to 100.0%) 100 (87.0% to 100.0%) 78.4 (68.1% to 86.2%)

Truncal ataxia (2 and 3) 80.8 (67.0% to 89.9%) 94.2 (85.1% to 98.1%) 91.3 (78.3% to 97.2%) 86.7 (76.4% to 93.1%)

HINTS, head impulse-nystagmus-test of skew; PCS, posterior circulation stroke; VN, vestibular neuritis.

Figure 2  Receiver operating characteristic curve of the 
ABCD2 score to differentiate PCS from VN. Each of the 
ABCD2 score (2–7) was indicated on the curve. AUC, area 
under the curve; PCS, posterior circulation stroke; VN, 
vestibular neuritis.
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Similar to previous studies,4 20 herein, HINTS identified 
46 of 52 patients with PCS with a high sensitivity of approx-
imately 90%. Among the six unrecognised patients, five 
had infarcts located in the AICA territory, while one had 
a large cerebellar infarct located in the PICA territory 
with a mass effect on cerebellopontine angle structure, 
consistent with the cause of false negatives in central 
HINTS reported in previous studies.6 12 25 Truncal ataxia 
provided valuable insights for identifying PCS in acutely 
dizzy patients.11 12 Previous studies reported severe 
truncal ataxia frequently presented in central AVS,4 6 
while isolated grade 2-3 truncal ataxia showed a sensitivity 
and specificity of 66.7%–92.2% and 61.1%–67.0%, 
respectively, in distinguishing stroke.11 12 Isolated grade 
2-3 truncal ataxia had a higher specificity in our study, 
which could be explained by the longer onset period, 
rapid alleviation of truncal ataxia, and lower proportion 
of severe truncal ataxia observed in VN patients. The six 
unrecognised patients with PCS by isolated HINTS had 
grade 2-3 truncal ataxia. Therefore, HINTS plus grade 
2-3 truncal ataxia reached a sensitivity of 100%, signifi-
cantly higher than that of isolated HINTS. Carmona et al 
combined truncal ataxia with three signs of HINTS and 
achieved a 100% sensitivity,12 which was in accordance 
with our findings.

However, HINTS plus ABCD2 score did not significantly 
improve HINTS in our study. Another two studies demon-
strated that HINTS plus ABCD2 ≥4 significantly elevated 
the accuracy for detecting stroke in general acutely dizzy 
patients.20 25 ABCD2 score was a simple approach to 
stratify stroke risk following TIA,26 with diagnostic efficacy 
in identifying cerebrovascular causes of dizziness in the 
ER.15 In patients with dizziness, ABCD2 score improved 
the accuracy of HINTS by distinguishing non-stroke 
central pathology.20 However, we only enrolled patients 
with PCS and VN and not those with non-stroke central 
lesions, which could be the reason for the lack of improve-
ment in HINTS plus ABCD2 score.

HINTS was largely dependent on the presence of oculo-
motor abnormalities. A previous study demonstrated 
that excluding patients without nystagmus improved 
the accuracy of HINTS.20 Central HINTS reached a 
slightly higher sensitivity in the subgroup with nystagmus 
in our study (from 88.5% to 89.1%). Among the nine 
(7.4%, 9/121) patients without nystagmus, six had PCS 
and three had VN. Five of the six patients with PCS had 
grade 2-3 truncal ataxia, while the three patients with 
VN had grade 0 truncal ataxia. Isolated acute truncal 
ataxia without nystagmus had a prevalence of 8%–17% in 
patients with acute vertigo and was closely correlated with 
central vestibular pathology.27 Therefore, truncal ataxia 
evaluation could also help identify PCS in the absence of 
nystagmus, while HINTS might not be applicable.

Due to inadequate awareness, absence of specific 
training and lack of confidence in performing or inter-
preting the examination accurately in primary-level 
and remote medical centres, HINTS was significantly 
underused in the ER.8 9 28 Both ABCD2 and truncal ataxia 
allowed for easier evaluation without the need for addi-
tional expert training. We combined the two simple 
assessments to distinguish PCS. Compared with HINTS, 
ABCD2 score ≥4 plus grade 2-3 truncal ataxia reached a 
slightly higher sensitivity but lower specificity. However, 
while ABCD2 score plus truncal ataxia was highly sensitive 

Table 4  Sensitivity and specificity of combination of ABCD2, truncal ataxia and HINTS in the differentiation of PCS with VN

Variables
Sensitivity, %
(95% CI)

Specificity, %
(95% CI)

Positive predictive value, 
% (95% CI)

Negative predictive 
value, % (95% CI)

HINTS plus ABCD2≥3 98.1 (88.4% to 
99.9%)

52.2 (39.9% to 64.2%) 60.7 (49.4% to 71.0%) 97.3 (84.2% to 99.9%)

HINTS plus ABCD2≥4 96.2 (85.7% to 
99.3%)

76.6 (61.6% to 87.2%) 82.0 (69.6% to 90.2%) 94.7 (80.9% to 99.1%)

HINTS plus truncal 
ataxia (3)

98.1 (88.4% to 
99.9%)

100.0 (93.4% to 100.0%) 100.0 (91.3% to 100.0%) 98.6 (91.2% to 99.9%)

HINTS plus truncal ataxia 
(2 and 3)

100.0 (91.4% to 
100.0%)

94.2 (85.1% to 98.1%) 92.9 (81.9% to 97.7%) 100.0 (93.0% to 
100.0%)

ABCD2≥4 plus truncal 
ataxia (2 and 3)

94.2 (83.1% to 
98.5%)

81.2 (69.6% to 89.2%) 79.0 (66.5% to 87.9%) 94.9 (84.9% to 98.7%)

HINTS, head impulse-nystagmus-test of skew; PCS, posterior circulation stroke; VN, vestibular neuritis.

Figure 3  (A) Sensitivity and specificity of HINTS and 
its combinations with ABCD2 score or truncal ataxia. 
(B) Sensitivity and specificity of HINTS, ABCD2≥4, grade 2-3 
truncal ataxia and ABCD2≥4 plus grade 2-3 truncal ataxia. 
*Significantly different at p<0.05 (McNemar test). Error bars 
show 95% CI. HINTS, head impulse-nystagmus-test of skew.
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and valuable in identifying PCS, its lower specificity could 
lead to excessive examinations or incorrect therapies 
such as tPA or antiplatelet agents and subsequent risks. 
The decreased sensitivity of ABCD2 score in young 
patients would restrict its generalisation. It was neces-
sary to consider truncal ataxia with ABCD2 score in real 
clinical scenarios comprehensively. Therefore, HINTS 
remained the gold-standard assessment and every effort 
must be made to learn how to perform and interpret it, 
as recommended by the GRACE-3 guideline.29 The rate at 
which physicians at varying clinical levels acquired profi-
ciency in HINTS varied. Indeed, Gerlier et al found that 
senior ER physicians could use HINTS proficiently after 
training for a 6-hour training session.23 However, another 
study found that neurology interns required more than 
2 years to perform reliable HINTS.11 It was imperative to 
offer more training to junior-ranking and primary-level 
physicians in the future.

There were still a few limitations to our study. First, this 
was a single-centre study with a small sample size. Multi-
centre studies with larger-sample sizes were warranted to 
verify our findings. Furthermore, the patients enrolled 
in our study had a longer time (<7 days) from symptom 
onset. Occurrence of oedema and changes in symptoms 
or signs over time might have affected our results. Never-
theless, our results could be applicable to a population 
with a wider onset time.

CONCLUSION
Compared with the ABCD2 score, truncal ataxia is of 
more valuable assistance to the HINTS examination in 
differentiating PCS. The combination of the ABCD2 score 
and truncal ataxia has significant implication; however, it 
is not a replacement for HINTS.
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