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ARTICLE INFO ABSTRACT

Keywords: The reported prevalence of stroke amongst patients presenting to hospital with acute vertigo and/or imbalance is
Stroke c. 5%, leading to the pervasive notion amongst emergency and stroke physicians, that stroke is uncommon in this
Dizziness hort
Vertico cohort.
Irsi)a;gance To interrogate the veracity of this notion, we systematically and retrospectively screened the electronic care
Nystagmus records in our institution of patients referred as suspected stroke, to a hyperacute stroke service at a large tertiary

Vestibular neuritis referral centre.

Magnetic resonance imaging (MRI)

We screened 24,310 consecutive patients’ electronic case records presenting to our hospital as an emergency

over a 4-month period, 332 of whom were referred as suspected stroke whose case records were assessed via
structured review. Of these 332 cases, 61 presented with a vestibular syndrome, i.e. having at least one of
imbalance, dizziness or vertigo. Of the 61 vestibular cases, 38 (62%) were diagnosed as stroke confirmed by
imaging in 25/38 or upon clinical grounds only (13/38). None of the 38 vestibular stroke cases received
thrombolysis or thrombectomy treatment.

In a UK urban population (2.5mn), acute vestibular syndrome cases referred to stroke services have a 50%
stroke prevalence. None of the vestibular stroke cases received hyperacute stroke treatment e.g., thrombolysis,
due to delay in diagnosis. The high stroke prevalence in our cohort may indicate an excessively high threshold for
referring acute vestibular cases for stroke, implying a high number of missed stroke cases. We suggest that early
access to vestibular neurologists in acute vestibular cases should improve the proportion of vestibular stroke

cases receiving definitive stroke treatment.

1. Introduction

Patients with acute vertigo and imbalance are a diagnostic challenge
to physicians. Causes of acute vertigo and imbalance range from benign
inner ear diagnoses such as a vestibular neuritis to life threatening
conditions such as a posterior circulation stroke. Given that the man-
agement options differ according to diagnosis, from home management
of vestibular neuritis to emergency in-patient care of acute stroke pa-
tients, including thrombolysis or thrombectomy, it follows that rapid
and accurate triage is important to discriminate between non-stroke and
stroke diagnoses. Making a precise diagnosis also enables the efficient
management of resources, e.g. cases with a clinical diagnosis of vestib-
ular neuritis do not need MR imaging and often can be managed at
home.

Despite modern imaging techniques and our improved understand-
ing of posterior circulation strokes and its diagnosis, patients with acute
vertigo and/or imbalance, have a high chance of misdiagnosis. [1] CT
brain scanning displays low sensitivity in diagnosing posterior circula-
tion strokes [2,3] and hyper-acute MRI brain, still has false-negative
rates of 12%-19% in detecting stroke with acute vestibular syndrome
(AVS) in the first 48 h [4-6]. Kattah and colleagues showed that a 3-step
bedside oculomotor examination (HINTS: Head-Impul-
se—Nystagmus—Test-of-Skew) performed by vestibular experts, was
more sensitive at detecting stroke than a brain MRI performed within 24
h of AVS onset [6]. Krishnan et al., in their review, demonstrated a
pooled sensitivity and specificity of 95.5% and 71.2% respectively for
HINTS in diagnosing stroke [7]. Thus, the evidence shows that the
current gold standard in diagnosing hyperacute stroke in patients with
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an acute vestibular syndrome is clinical assessment by a vestibular
expert.

Whilst the superior performance of expert clinical assessment in
diagnosing stroke in acute vestibular presentations supports earlier
assessment by such experts, the relative rarity of stroke in this cohort,
viz. 3-5% [8], weakens the case for early referral of these cases to
vestibular experts. The hyperacute stroke referral pathway in the UK
involves cases referred directly to hyperacute stroke services by ambu-
lance services arriving as stroke calls or via patients self-presenting to
the emergency department physicians who then refer cases on to the
stroke team if stroke is suspected. This UK-specific pathway could lead
to a different risk profile and hence prevalence of stroke in patients
presenting with acute vertigo and/or imbalance compared to previous
reports. Indeed, we previously reported a stroke prevalence of 5% [9] in
our institution 15 years earlier, however, the hyperacute stroke services
underwent a radical reorganization in London in 2010 (i.e. subsequent
to this report) with stroke services centralized to just 8 hyperacute stroke
units for a population of 8.2million. Hence in this study, we aimed to
update the relative prevalence of stroke in patients with an acute
vestibular syndrome being referred to the hyperacute stroke services in
London.

2. Methods
2.1. Setting and design

This retrospective study was conducted in the emergency depart-
ment (ED) of a large tertiary hyperacute stroke centre (HASU) in Lon-
don. In this study we screened all patients presenting to ED from August
2021 to November 2021 (n = 24,310). Inclusion criteria: above 18 years
old; referred to stroke team for evaluation, all patients who had acute
dizziness, vertigo, or imbalance in their presenting symptoms. Exclusion
criteria: Not seen or accepted by stroke team.

2.2. Data acquisition

Data was extracted from the documentations found on the electronic
record system. Patients were identified in a prospective fashion from the
ED patient’s list and information extracted from notes on initial
assessment and in some cases from progress notes in case of ambiguity of
history and examination from initial assessment to 6months later. Data
acquisition was done by two trained reviewers (MM, ARS) and param-
eters were recorded according to the accepted definitions in the litera-
ture. These included features of the presenting illness, associated
symptoms, physical exam findings, and investigations done. We also
included demographic data, their length of stay, final diagnosis and
whether they were referred or seen by a neurologist with vestibular
expertise.”

2.3. Outcome of interest

The aim of this study is to evaluate the prevalence of stroke in pa-
tients referred to a tertiary stroke service. In addition, we explore the
different phenotypes of those patients including isolated vestibular
syndrome (defined as no other neurological symptom or sign), the
sensitivity and specificity of non-expert assessments, diagnoses and
outcomes of patients who are assessed by stroke team presenting with
acute vertigo and/or imbalance. We looked at the clinical assessment
(Including HINTS), NIHSS scores, imaging, investigations, diagnosis,
and management (including thrombolysis or thrombectomy).

2.4. Ethical approval

The Health Research Authority (HRA) and Health and Care Research
Wales (HCRW) approved this research.
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2.5. Statistical analysis

Data was input on Microsoft Excel and statistical analysis was per-
formed via Excel and R (https://www.r-project.org). Correlations be-
tween the NIHSS score and a diagnosis of stroke were calculated using
the Fisher exact probability test with a two tailed p value <0.05
considered as a statistically significant result. R was used to generate
graphs. Sensitivity and specificity analysis of stroke diagnosis was per-
formed for the HINTS examination.

3. Results

We screened 24,310 patients presenting to the emergency depart-
ment Between August 2021 and November 2021. Of these, 23,978 pa-
tients were not referred or seen by stroke and were excluded. Of the 332
cases referred to and seen by stroke services, with a suspicion of a ce-
rebrovascular accident, 61 presented with acute onset dizziness, vertigo,
or imbalance (Fig. 1).

The mean age of our cohort was 62 (SD +15) years and 34 were
female (Table 1). 22 of the 61 cases were discharged after stroke
assessment from ED and the remaining were admitted to the stroke unit.
The mean baseline Modified Rankin Score (mRS) score for the 61 cases
was 0.7 (<1). 10 cases out of the 61 were direct ambulance transfer to
stroke and 7 of those had a stroke. The average NIHSS score on pre-
sentation was 1.9 (SD +3) for all the vestibular presentations and 2.4 for
those found to have stroke (Fig. 2).

Based upon the records, 22 of the vestibular presentations could be
classified as an acute vestibular syndrome presentation or ‘AVS’ [10]
while the remainder who fall under the three other vestibular syndromes
— Episodic triggered, Episodic spontaneous and Continuous triggered.
43% (26/61) of patients presented with isolated vestibular symptoms of
which 10 (38%) had a stroke. Imbalance was the commonest vestibular
symptom amongst our cohort affecting 44/61 (71%) of the patients
referred to the stroke team. Of those 44 patients, 12/44 (27%) had
isolated imbalance with no other accompanying vestibular symptoms,
with 11/12 (91%) having a confirmed stroke. Our data show that the
symptom of isolated imbalance is a strong predictor of a stroke with a
specificity up to 96%, 95% CI (78.05-99.89) and a positive predictive
likelihood ratio of 6.6. Headache was present in 29 of the 61 cohort
(40%) and did not help to differentiate between stroke and non-stroke
diagnoses. Only 43 cases had an eye movement assessment recorded
of which 16 had nystagmus recorded and of whom 5/16 were noted as
‘bi-directional’. The HINTS examination was only fully recorded in 10 of
the 22 cases who presented with AVS. The HINTS assessment was also
used in 8 cases with an episodic vestibular syndrome. When calculating
the sensitivity and specificity, we used only those cases that had a

n=24,310 patients
screened from

Emergency = :
Department records Cases excluded (n=23,978):

ED Not referred to stroke
g J services from either
ambulance or emergency
department

n=332 patients
referred to Stroke

Cases excluded from final cohort
(n=271): No vestibular symptoms

n=61 patients with
vestibular syndrome
presentation

Fig. 1. Flow diagram of case screening and inclusion.
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Fig. 2. Box-plot of NIHSS on admission comparing stroke diagnosis with non-stroke diagnosis (including those discharged with no diagnosis).

documented comprehensive HINTS test. The sensitivity and specificity
were 100% and 8% respectively.

All 61 cases had neuroimaging with 59/61 (96%) having a CT head
with 39/51 (76%) also having CT angiography, with 12/59 (20%)
showing evidence of stroke. MRI was performed in 38 patients and was
positive for stroke in 17/38 (45%). As can be seen from Table 2, many
cases with confirmed imaging of stroke present with strokes in both
posterior and anterior territories, with a right sided predication for
isolated vestibular syndromes. Of the 21 negative MRIs, 10/21 (47%)
patients were discharged with a diagnosis of TIA and only one had a
repeat MRI on follow up locally. Three patients (2 stroke and one non-
stroke) had MRI Angiography showing no vascular malformations.
The average time from the time of presentation to the hospital to MRI
scan was 53 h.

Overall, 38/ 61 patients were discharged with a diagnosis of stroke
(Fig. 3), including 13/38 (34%) with a diagnosis of TIA. TIA was defined
by the discharge diagnosis, but we used the recorded data to verify based
on the clinical definition of complete resolution of focal neurological
symptoms with in 24 h and we included vestibular symptoms within this
definition. (Table 3) Of these 38 cases, 15/38 (39%) had presented with
AVS. 15/61 (24%) were discharged with peripheral causes and these
included: benign paroxysmal positional vertigo (BPPV) (n = 5), vestib-
ular migraine (n = 4), vestibular neuritis (n = 2), anxiety (n = 1), pre-
syncope (n = 1) and functional neurological disorder (n = 1). 8/61
(13%) cases were discharged without any specific diagnosis. Most cases

had vascular comorbidities, primarily hypertension 35/61 (54%), dia-
betes mellitus 17/61 (27%) and previous stroke 17/61 (27%).

Finally, only 2 cases were referred to the Vestibular Neurology ser-
vice acutely, despite the presence of a service that is available to see
referrals during office hours Monday-Friday. In the two patients seen by
the vestibular neurology team, the diagnosis was changed (n = 1 pe-
ripheral to central and n = 1 central to peripheral).

4. Discussion

Our data show that in a large urban UK acute stroke service, over half
of the cases with vestibular symptoms referred to the stroke team for a
possible stroke were confirmed to have had a stroke. This is almost 20-
fold more likely to that reported by Kerber et al., of 3.2% in a large
population study in patients presenting to ED in the United States. [11]
It is unclear why the probability of stroke for cases referred to the stroke
team was in fact so much higher than previous reports. From the
perspective of the stroke team, given this high a priori probability,
referred cases should be treated as stroke until otherwise excluded, on
pure probability grounds. A major concern however is that the threshold
for referral to the stroke team is too high, since previous data from our
own previous work (CUTFIELD) and others [11] suggest that an ex-
pected stroke rate in all acute vertigo presenting to emergency services
should be c. 5%, implying many missed stroke cases not referred to the
stroke team.

Imaging,
n=25, 66%

Fig. 3. Cases of referrals with vestibular syndromes (n = 61 in total) and whether stroke was diagnosed only clinically (n = 13) or additionally by imaging (n = 25).
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This supports (and extends) the long-held clinical red flag for stroke
in acute vertigo cases of a patient who is unable to walk. Although we
found the presence of other focal neurology such as, unilateral weakness
or sensory loss, visual defects, hearing loss or facial weakness predicts
stroke (as previously documented [11]), isolated imbalance better pre-
dicts stroke than non-vestibular focal neurological features with a pos-
itive predictive value of 91% vs. 79%.The literature described posterior
circulation strokes mostly in the context of the Acute Vestibular Syn-
drome, labeled as presentations of acute severe dizziness, vertigo, or
imbalance, with examination findings of nystagmus and/or gait un-
steadiness. [10,12] Only 22 out of our 61 cases presented with an acute
vestibular symptom [10], and 15/22 (68%) of them had stroke. A large
number of stroke presentations, 23/38 (60%), did not meet the criteria
for AVS and were either episodic or transient vestibular syndromes. In
their paper in 2020, Tong et al. found that 60% of stroke patients pre-
senting with vestibular symptoms had in fact presented with transient,
episodic and recurrent vestibular presentations, i.e., Episodic Vestibular
Syndrome [13,14]. 23 of the 39 cases presenting with episodic symp-
toms in our cohort were diagnosed as stroke, which reflects these pre-
viously reported findings [13]. In addition, subjective symptoms alone
are unreliable in making a precise diagnosis in acute vestibular syn-
dromes indicating the key role for clinical examination in diagnosis
[15].

7 out of the 25 imaging confirmed strokes had strokes outside of the
normal PCA territory that one would expect. Furthermore, this distinc-
tion also applies to isolated vestibular syndromes, and this showed a
strong right sided preponderance (67%). The link between cortical
strokes and vestibular symptoms should be interpreted cautiously and
requires additional prospective and mechanistic studies, since our data
were obtained retrospectively. Importantly, other common causes of
vestibular symptoms, such as an acute migraine causing vestibular
symptoms could conceivably be linked indirectly to stroke, triggered by
the stressors of an acute admission (including sleep deprivation), or
directly, since cortical spreading depression has been linked to cortical
ischaemia [16]. Indeed, there have been case series documenting
migraine presentations triggered by acute stroke [17]. In a recent study,
the claimed link between cortical strokes and “spinning vertigo”, how-
ever this link was interrogated by asking patients ‘did you see the world
spin round like a merry-go-round’, which is a question about oscillopsia,
which in turn is linked to a nystagmus, which is not typically seen in
acute cortical stroke (although this can be seen in subcortical pre-
sentations) [18]. In a previous acute prospective acute stroke study
recruiting hemispheric stroke, we did not find any cases out of c. 100
patients screened for recruitment [19]. Certainly, in a large prospective
study of acute stroke (351 cases), acute spinning vertigo was not seen in
any cortical cases, although mild ‘dizziness’ was reported, although
migraine or headache of any description was not documented (an
important confound). The take home message is that overt vertigo
(either a sensation of self-motion or feeling the room move, both with
eyes closed) or oscillopsia (seeing the room spin with eyes open, which
equates to a nystagmus) indicates a posterior circulation stroke or at
least subcortical involvement. Cortical strokes causing vertigo are
poorly documented and it is unclear if migraine could account for the
rare case reports.

The HINTS exam has higher sensitivity in diagnosing posterior cir-
culation stroke in patients presenting with AVS than hyperacute MRI
(100 vs. 72%) [6,7]. However, examination has previously been shown
to be both under-utilized and inadequate when performed by non-
experts. [8] Our data show that, although the HINTS battery was used
as a diagnostic aid in patients with vestibular symptoms, its use was
inconsistent, sometimes inappropriately applied or incorrectly inter-
preted. A full HINTS examination was performed in only 31% of the
acute vestibular presentations. Our data show the diagnostic accuracy of
stroke by HINTS exam by the referring emergency and stroke doctors
had a sensitivity and specificity of 100% and 8% respectively. Notably
the high a priori likelihood of stroke in the cohort referred to the stroke
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team means that a HINTS high sensitivity is to be expected. On the other
hand, the concern is that many stroke cases are being missed and not
referred due to a lack of access to vestibular experts. Indeed, the low
specificity supports the notion that clinicians assessing these cases had
relatively low competency in vestibular assessment.

Over 60% of cases in our cohort received an MRI scan with the
majority of scans performed within 48 h of presentation. Of the 10 cases
diagnosed with DWI negative stroke only one had a repeat MRI.
Oppenheim et al. found that the false-negative DWI rate for acute pos-
terior circulation stroke was much higher than that of the anterior cir-
culation (19% vs. 2%). Moreover, up to a third of patients in their study
who presented with vertebro-basilar ischemic symptoms had positive
DWI MRI on follow-up after an initial false-negative DWI study during
the first 24 h. [4] The patients in our study who had only one DWI
negative MRI performed within 24 h and were diagnosed as “non-
stroke” may have had a false-negative results and received the wrong
diagnosis and management.

The NIH severity scale (NIHSS) score underestimates clinical severity
in posterior circulation strokes. [20] Patients with clinical presentations
of posterior circulation stroke have lower NIHSS scores compared to
those of anterior circulation. Subsequently, patients with posterior cir-
culation stroke are less likely to be offered reperfusion therapy. [21]
Marchis et al. reported a median NIHSS scores of 4 and 8 for posterior
circulation and anterior circulation strokes respectively with a p =
0.004. NIHSS scores were consistently lower in non-stroke cases
compared to stroke (p = 0.02) (Fig. 2). A median NIHSS score of one, and
average of 2, in imaging confirmed stroke patients in our cohort suggests
that further work is needed to develop scoring systems appropriately
weighted for posterior circulation strokes. Perhaps the addition of gait
and truncal ataxia would improve the prognostic accuracy and hence the
therapeutic value of NIHSS scores in patients with posterior circulation
strokes with mild to moderate symptoms [22].

There are several limitations to this study. Data extracted from the
electronic medical record, depends on the completeness and accuracy of
written record. Our study only included patients who were referred and
seen by a stroke physician. Thus, patients where a stroke opinion was
given over the phone were not captured and so the overall prevalence of
stroke in vestibular presentations could likely be altered by this. One
concern is that cases with stroke may not be reviewed by the stroke
service. When reviewed, the low specificity of diagnostic accuracy may
reflect the need for an early vestibular expert review. However, in our
cohort 10 of the 61 cases were direct ambulance transfers for stroke
assessments and 7 of the 9 had stroke diagnosed and so it still seems that
the prevalence of cases remains high outside of stroke phone referrals
our study does not capture (Table 1).

Another possibility is that we overestimate stroke prevalence in this
cohort due to the inclusion of clinically diagnosed TIAs. However, one
could argue that we could have overestimated non-strokes too, since
around 10% of our cohort had no specific diagnosis on discharge and
were not included as a stroke diagnosis. In such a scenario, if TIA clinical
diagnoses are not included, imaging confirmed stroke diagnoses still
make up 41% of our total cohort. This remains >10-fold the number
compared to those presenting to ED [11] and suggests that our recom-
mendations for a very high suspicion are valid and should remain.

5. Conclusion

Acute vertigo and/or imbalance referred by ambulance or ED to a UK
based hyperacute stroke unit from the community have a prevalence of
stroke of 60% based on imaging and clinical assessment. This is >10 fold
the prevalence previously reported in patients presenting with acute
vertigo from the community [9,11]. The high prevalence of stroke in our
cohort indicates that clinicians should have a low threshold for diag-
nosing stroke and perhaps suggests that early referral to a vestibular
expert may provide the best diagnostic pickup rather than early MRI
scan. More concerning is that the threshold for accepting a referral for



M. Mahmud et al.

review by the stroke service may in fact be too high, leading to missed
stroke cases. The low diagnostic specificity by the stroke clinicians
supports the view for early review by of these cases by a vestibular
neurologist. In departments without expert vestibular neurologists,
repeat MRI, out of the 48 h window may need to be more common
practice in all initially MRI negative patients without a clear diagnosis.

Appendix A. Appendix
Table 1
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Given our findings, we recommend that stroke services who receive ED
referrals of cases with vestibular symptoms should have a lower
threshold in accepting stroke referrals, and referring all cases in whom
there is not a clear stroke cause - even prior to MR brain imaging - since
early expert clinical assessment remains the gold standard in diagnosis
for patients with an acute vestibular presentation.

Demographic and characteristics of 61 cases of acute vestibular presentations to the HASU.

Total

61 (100%)

Age (years), (mean + SD)
Male
Discharged from ED
AVS
Type of Referral
Emergency Department
Stroke
Ambulance
Stroke
Description of presenting symptom(s)
Vertigo
Dizziness
Imbalance
Signs
Nystagmus
Unsteady Gait
Unilateral weakness
Sensory impairment
Cranial nerve deficit
Visual Impairment
HINTS test
Recorded
Partially recorded
Not recorded
Imaging performed
MRI
DWI positive
CT head
CT Angiography
Time from presentation to MRI in hours
Diagnosis
Stroke
Posterior stroke
Anterior stroke
Non-stroke
BPPV
Vestibular Migraine
Vestibular Neuritis
Miscellaneous
No diagnosis
Past Medical History
Hypertension
Diabetes Mellitus
Ischaemic Heart Disease
Atrial Fibrillation
Cerebrovascular accident
Vestibular history
Average Length of stay

62+ 15
27(44)
22(36)
22(36)

51(83)

31(51)
10(17)

7(70)

28(46)
34(56)
44(72)

16(26)
24(39)
9(15)

10(16)
17(28)
19(31)

19(31)
27(44)
15(25)

38(62)
17/38(44)
59(96)
39(63)
53 h (44 if outlier 360 h is removed)

38(62)
31/38(82)
7/38(18)
15(25)

AN A G

8(13)

33(54)
17(28)
10(16)
7(11)
17(28)
7(11)
98 h

Table 2

Breakdown of findings in patients with distinct lesions on imaging. This includes the Location, laterality, presence of non-vestibular findings, vascular deformities, and

type of stroke (ischemic vs hemorrhagic). R: Right, L: Left, B/L: Bilateral, NAD:

Normal, ND: Not done.

Patient  Location Laterality  Anterior vs posterior Isolated vestibular Vascular malformation Type of stroke
circulation presentation

1 Insula L Anterior Y Proximal M3 occlusion Ischemic

2 Hemipons R Posterior N NAD Ischemic

3 Medulla B/L Posterior N Vertebral occlusion Ischemic

4 Occipital L Posterior N Subocclusive stenosis of L PCA Ischemic

(continued on next page)
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Table 2 (continued)
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Patient  Location Laterality ~ Anterior vs posterior Isolated vestibular Vascular malformation Type of stroke
circulation presentation

5 Hemipons L Posterior N Multifocal stenosis in intracranial arteries (V4, P2, M1) Ischemic

6 Intraventricular R Y NAD Haemorrhagic

7 Basal ganglia B/L Anterior N NAD Ischemic

8 Pons L Posterior N NAD Haemorrhagic

9 Thalamus R Posterior N Vertebral dissection Ischemic

10 Cerebellum R Posterior Y Nonstenotic bilateral carotid atherosclerosis Haemorrhagic

11 Medulla R Posterior N Calcification at origin of right vertebral artery and stenosis ~ Ischemic

of post PICA right vertebral artery

12 Corona radiata L Anterior N Tortuous basilar artery Ischemic

13 Cerebellum B/L Posterior Y Left V2 free floating thrombus Ischemic

14 Temporal R N NAD Ischemic

15 Frontal R Anterior Y Distal cavernous left ICA stenotic plaque Ischemic

16 Pons R Posterior N Bilateral Carotid bifurcation atheromas Ischemic

17 Medulla L Posterior N Left PICA dissection Ischemic

18 Cerebellum and B/L Posterior N Bilateral Vertebral dissection Ischemic
Thalamus

19 Cerebellum L Posterior N NAD Haemorrhagic

20 Temporoparieto- R Posterior Y NAD Haemorrhagic
occipital

21 Amygdala L Anterior N ND Haemorrhagic

22 Precentral gyrus R Anterior Y NAD Ischemic

23 Multiple MCA L Anterior N Significant stenosis bilateral ICA bifurcation with left Ischemic
territory floating component

24 Thalamus R Posterior Y NAD Ischemic

25 Occipital L Posterior Y NAD Ischemic

Table 3

Breakdown of the findings, clinical and radiological, in patients diagnosed with TIA. HIT: Head impulse test, N: None, NAD: No abnormality detected, —ve: Negative.

Vascular RFs include: CVA, THD, HTN, Dyslipidaemia, Obesity, Smoking and AF.

Patient  Central findings Neurological findings Imaging RFs AF  Other explanations
excluded

1 HIT -ve N NAD (mild calcification of bilateral ICA) 3 N

2 HIT -ve / Rt GEN L weakness /numbness /ataxia NAD 1 N

3 HIT -ve Slurred speech ND 1 N

4 HIT -ve Slurred speech Bilateral Vertebral artery fibromuscular 0 N

dysplasia
5 HIT -ve / Rt GEN N ND 3 N -ve Halpike
6 HIT -ve R numbness Basilar tip stenosis, right P2 segment of 4 N
PCA stenosis
7 HIT -ve Slurred speech NAD Y
8 HIT -ve / Bidirectional nystagmus / Diplopia ND 4 N
Skew deviation

9 HIT -ve LUL Ataxia NAD 1 N

10 HIT -ve Slurred speech NAD 2 N -ve Halpike

11 HIT -ve RUL ataxia NAD 1 Y

12 HIT -ve Right facial weakness/ increased tone ~ NAD 1 N

right side
13 HIT -ve N NAD 1 N -ve Halpike
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