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Vertigo and dizziness are responsible for an estimated 4.4 million emergency department
(ED) visits in the US each year.! Benign peripheral vestibular disorders may account

for up to 33%2 (1.5 million), although it is unknown how many of these are specific,
readily-diagnosed inner ear conditions, since two-thirds of these are given a symptom-only
diagnosis in actual clinical practice.? Strokes account for roughly 3-5%?2 of all ED vertigo
and dizziness presentations (130,000-220,000), and most of these are acute ischemic
strokes in the brainstem, cerebellum, or both. After ruling out general medical causes, ED
physicians are tasked with differentiating common, benign peripheral vestibular causes from
dangerous central ones (largely stroke). This is a difficult task because vertigo is the most
common posterior circulation ischemic stroke symptom, and is frequently unaccompanied
by more obvious neurological symptoms.34 The costs of US ED dizziness presentations
now exceed $10 billion per year, largely due to a combination of frequent neuroimaging,
obtained in roughly half,! and admissions for nearly 20%.°

In the current edition of Annals, Atzema and colleagues add another major population-based
study® to the now substantial body of literature on the issue of missed stroke in patients
with vertigo or dizziness. Using an elegant research design (retrospective cohort study

with propensity-score-matched controls) and a huge population-based regional database, the
authors conclude that some patients are missed, but the absolute risk is low (0.18% at 30
days). They assert that, “Managing physicians can be reassured by these findings when
discharging a patient they are confident has a diagnosis of peripheral vertigo.” This is in
sharp contrast to other authors who point instead to the high relative risks of misdiagnosis
and serious risks of harm seen among stroke patients presenting dizziness or vertigo.”~10 So
who is right?

This debate invokes three critically important public health questions: (1) how big a
problem is missed stroke in vertigo or dizziness presentations?; (2) are the likely causes
of misdiagnosis remediable?; and (3) would making stroke diagnoses earlier help reduce
harms from stroke?

(1) 1S THIS A PROBLEM?

Atzema et al.’s conclusion that ED physicians be “reassured” is based on the notion

of physician risk tolerance in the ED, where diagnostic uncertainty cannot always be
completely resolved, since there are tradeoffs related to workflow inefficiencies, costs

of care, and patient harms from unnecessary testing.> A commonly cited threshold for
acceptable risk of missing a life-threatening disease is <1%.11 Several studies suggest that
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the risk of missing stroke in current clinical practice among patients with a chief symptom of
vertigo or dizziness is <1%.5:12.13 By this logic, the missed stroke problem is not a big one,
and the authors’ conclusion seems reasonable. But the foundations of this argument are not
sound.

First, the public health relevance of the problem is proportional to the absolute number

of patients affected, not the fraction of ED vertigo or dizziness visits they represent. Of

the roughly 1.5 million ED patients given benign vestibular diagnoses and discharged,
0.18-0.70%512-14 gre hospitalized for stroke in the next 30 days (Table). This translates to
roughly 2,600-10,500 patients each year in the US who are told they have a benign cause
and then suffer serious harms (e.g., major stroke with disability after minor stroke) within
a month. There could be many more than this, however, since the estimate does not include
admitted patients (e.g., misdiagnosed as labyrinthitis or gastroenteritis and admitted to a
medical service for fluid treatment, with resulting delays in stroke treatment” or admitted
to the hospital and discharged with “benign” dizziness only to be readmitted later'®), nor
those who suffer preventable strokes later (after 30 days) or who die after discharge.10 An
alternate estimate is derived from the risks of adverse events among those misdiagnosed.
Of the 130,000-220,000 strokes and TIAs presenting vestibular symptoms to US EDs each
year, an estimated 45,000-75,000 are missed.1® Based on disproportionately high adverse
event rates among those missed,” it is possible there might be 15,000-25,000 stroke patients
presenting acute vertigo or dizziness who suffer disability or death.16

Second, the clinical relevance of the problem depends not on whether the absolute risk

of missed stroke is low, but on whether we could reasonably do better than our current
performance—and there is a growing body of evidence that we could.16 The relative risk
of missed stroke in ED vertigo and dizziness is alarmingly high. An administrative data
study of nearly 200,000 inpatient stroke admissions from nine US states found vertigo and
dizziness are the symptoms most tightly linked to missed ischemic stroke.1® A population-
based cross sectional study (n=1666) found that 35% of ED transient ischemic attack (TI1A)
or stroke patients (n=16/46) presenting vestibular symptoms were initially misdiagnosed.1’
Another population-based registry found that 90% of isolated posterior circulation TIAs
(n=23/45 presenting isolated vertigo) were initially missed at first medical contact.3 The
present study found that patients discharged from the ED with peripheral vestibular
diagnoses are at 50-fold increased risk of stroke in the 7 days post-discharge relative to
propensity score-matched controls.® These numbers suggest that our current diagnostic
practices are largely ineffectivel8 and there is substantial room for improvement.16:19

Finally, even if these missed strokes were not considered a major public health problem,

the estimated $1 billion per year we waste on unnecessary neuroimaging and inpatient
admissions looking for strokes in ED patients with clear peripheral vestibular disorders
should be worthy of societal attention.>20 If fixing ED diagnostic practices could save $1
billion per year, do we really need to argue about whether the numbers of patients for whom
we could prevent serious harms is closer to 5,000 or 25,000 per year?

Ann Neurol. Author manuscript; available in PMC 2022 April 26.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Newman-Toker

Page 3

(2) CAN WE FIX IT?

Atzema et al. do not propose specific solutions to the problem of stroke misdiagnosis in
vertigo, but they do suggest that, “a neurological examination and provocative testing, is
considered sufficient to rule out central causes of vertigo.” It would be wonderful to think
that a general neurological exam could effectively identify these missed stroke patients, but
current best evidence suggests otherwise.

Strokes causing vertigo or dizziness are mostly located in the lateral brainstem and
cerebellum.2! As a result, primary motor and sensory pathways are usually intact. The

lack of hemi-motor involvement is likely one of the major reasons these ‘vestibular strokes’
are not recognized in the ED. Two studies from the same ED population-based sample
found that strokes are missed initially in 35% of those presenting vestibular symptoms?? vs.
4% of those presenting motor symptoms.22 Neurologic exams in stroke patients presenting
vertigo or dizziness are non-focal in >80%, even when performed by an experienced
neurology-trained neuro-otologist, and even when the highest-risk-for-stroke population

is studied.23 Furthermore, even when focal signs occur, they are often subtle, especially

for frontline clinicians. The most common non-eye movement focal signs are Horner’s
syndrome, facial hemianalgesia with preserved light touch sensation, and hoarseness.23
None of these findings would normally be detected by a typical ED physician, since they
require neurologic exam techniques that are rarely used (testing pupil dilation in darkness,
temperature/pain sensation on the face, or vocal cord function by phonation).

Some might suggest more imaging. Certainly head CT scans are of little use in this scenario,
given their low sensitivity for acute stroke, particularly in the posterior cranial fossa.16:24 In
fact, the authors of the present study recently published a paper demonstrating that, among
those discharged with a peripheral vestibular disorder, those who underwent CT during the
ED visit (with a presumptively negative result) were 2.3-times more likely to suffer a stroke
in the next 30 days than those who received no CT at all.2> This suggests ED physicians
are correctly risk-stratifying patients, but being falsely reassured by a normal head CT. MRI
is better than CT, but, even with diffusion-weighted imaging (DWI) misses roughly 20%

of acute posterior fossa infarctions <24 hours from symptom onset.24 Furthermore, MRI is
not always available acutely, and its indiscriminate use in vertigo or dizziness patients as

a stroke ‘rule out’ tool would increase annual costs of care by more than a billion dollars,
given that it is presently used in <3%.1

Fortunately, effective bedside methods have been developed to identify patients with

stroke. Classifying vertigo or dizziness by timing (episodic or continuous) and trigger
(positional or not), rather than type (vertigo vs. lightheadedness vs. unsteadiness, etc.),
allows for effective clinical identification of both high-risk-for-stroke and low-risk-for-stroke
populations.28 Those with episodic, positional vestibular symptoms lasting seconds almost
always have benign paroxysmal positional vertigo (BPPV). This can be confirmed by
careful examination of positional nystagmus and then treated by canalith repositioning.
Those with episodic, spontaneous symptoms lasting hours mostly have vestibular migraine,
Meniére’s disease, or TIA. Total illness duration and vascular risk factors can usually
differentiate these diseases.2® Those with acute, continuous vestibular symptoms, nausea/
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vomiting, intolerance of head motion, and gait unsteadiness lasting days (the ‘acute
vestibular syndrome’) almost always have either vestibular neuritis or a dangerous central
mimic, usually ischemic stroke. Assessing three vestibular eye movements (H.I.N.T.S. —
Head Impulse test of the vestibulo-ocular reflex, Nystagmus in different fields of gaze, and
Test for Skew deviation by alternate cover) distinguishes peripheral from central causes

of the acute vestibular syndrome with greater accuracy than even MRI-DW!I.23:27:28 \/jdeo-
oculography technologies may make these specialized examinations routinely available to
frontline clinicians.16

FIXING IT MATTER?

In the Atzema et al. study, the primary outcome is inpatient stroke admission after a treat
and release discharge from the ED.8 This outcome is not a good surrogate measure of
stroke misdiagnosis, per se, since fewer than 15% of patients suffering TIA or minor stroke
go on to major stroke within 30 days.2? It is, however, a reasonable surrogate marker of
important short-term harms from missed stroke, since presumably the patient would not
return for care after discharge unless their symptoms or signs had progressed, rather than
improving spontaneously. These adverse events disproportionately occur in the first week
after discharge,8:10-12-14 a5 with major stroke following TIA or minor stroke of all types.2?

The health impact of increasing early diagnosis of vertebrobasilar strokes is unknown.
Small, potentially-biased studies have suggested a very high risk of permanent morbidity
(33%) or mortality (40%) among those whose posterior fossa strokes were initially missed.’
These estimates are probably too high, but large studies have shown that one third of
diagnostic errors, in general, lead to disability or death.39 Misdiagnosis-related harms for
missed stroke accrue from missed opportunities for acute thrombolysis,® early secondary
prevention,3! and surgical treatment of stroke complications from malignant edema.32 Thus,
early diagnosis with prompt, correct management could prevent disability or death for
thousands.

If more accurate diagnosis of stroke vs. peripheral vestibular disorders could be
accomplished quickly and inexpensively at the bedside, this would represent a positive
change in care for patients with acute vertigo and dizziness. It could help correctly diagnose
~1 million previously misdiagnosed peripheral vestibular patients, decrease missed stroke
for tens of thousands, and save $1 billion per year. Even if decreasing missed strokes had
minimal impact on harms, this would still be a major healthcare ‘win.” Conclusions

Conclusions

For some time, groups have been studying and debating the relevance of improved stroke
diagnosis in acute vertigo and dizziness. Aztema and colleagues have added another rigorous
study that coheres well with prior work indicating a subset of cerebrovascular patients are
clearly missed and return soon thereafter with strokes severe enough to require admission.
Although the absolute risk of missed stroke in vertigo or dizziness presentations is low,

the relative risk is very high. These initial ED misdiagnoses constitute a major public

health problem, with perhaps 45,000-75,000 missed cerebrovascular events, thousands of
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whom may suffer permanent disability or death as a result. Improved diagnosis might be
accomplished through effective dissemination of special eye movement exam techniques not
well known to frontline clinicians.33 ED physicians are aware of these issues and rate vertigo
a top priority for developing new diagnostic methods.3* The time for debate has passed. It is
now time for action.

Future studies should focus primarily on solving this well-described problem, rather than
clarifying its nature. An NIH-sponsored, phase Il clinical trial of a novel diagnostic strategy
based on quantitative portable video-oculography is currently underway (AVERT, Acute
Video-oculography for Vertigo in Emergency Rooms for Rapid Triage; ClinicalTrials.gov
Identifier: NCT02483429). Educational and other approaches to improving diagnosis should
be studied prospectively for their real-world clinical impact. Large, pragmatic trials and
dissemination/implementation studies should follow to translate efficacious interventions
into routine frontline clinical practice. Clever use of administrative data similar to that
performed by Atzema and colleagues may be necessary to assess outcomes of large-scale
studies.
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Table.
Incidence of stroke following a “benign” vertigo or dizziness discharge from the ED in large, population-based
studies
Study ED Discharge Population (n) Study Design (Case Capture) Cumulative Incidence of Stroke (%)
7d 30d 90d 180d | 365d

Atzema, Age 218; final ICD-10 Retrospective, population-based 0.14 0.18 0.25 - 0.41
20158 peripheral vestibular diagnosis | cohort study in Ontario, CA (50)* 93~ 61~ (25~

(excludes ‘symptom-only’ (administrative database search

codes for vertigo or dizziness) for inpatient stroke admission)

(n=41,794)
Kerber, Age >45; vestibular presenting Ambispective, population-based | 0.48 0.56 0.56 0.73 1.42
201413 symptom or disease (vertigo, cohort study (active and passive

dizziness, BPPV, vestibular surveillance with clinical record-

neuritis, or similar listed in ‘top | level data abstraction; stroke

3’ ED complaints) (n=1,245) revisit to ED or inpatient)
Kim, Age 218; final ICD-9-CM Retrospective, population-based | ¢ o0+ 0.30% 045% 063 | -
201112 peripheral T vestibular diagnosis | cohort study in California, USA

or symptom-only vestibular (administrative database search

diagnosis (vertigo or dizziness) for inpatient stroke admission)

(n=31,159)
Lee, Age =18; final ICD-9-CM Retrospectivg, population—based 0.50§ 0.70§ 0.80§ 1.0 1.8
20124 peripheral 7 vestibular diagnosis | cohort study in Taiwan 21)°

or symptom-only vestibular (administrative database search

diagnosis (vertigo or dizziness) for inpatient stroke admission)

(n=1,118)

*
Relative risk of stroke admission after discharge when compared to propensity score-matched renal colic discharges.

fAIso included one infrequently-used diagnosis code for “vertigo of central origin” (ICD-9 386.2).

'tVaIues not directly reported in Kim et al. Estimate here is a graphical approximation based on manuscript Figure 1.

§Va|ues not directly reported in Lee et al. Estimate here is a graphical approximation based on manuscript Figure 2a.

The study by Lee et al. also reported cumulative incidence at 2 years (2.7%) and 3 years (3.3%). The hazard ratio for dizziness and vertigo patients
compared to those without was 2.1 in the first year and 1.1 between the second and third years.
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