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Pitfalls in the Diagnosis of Posterior
Circulation Stroke in the Emergency
Setting

Carolin Hoyer™ and Kristina Szabo

Department of Neurology and Mannheim Center for Translational Neuroscience, University Medical Center Mannheim,
Mannheim, Germany

Posterior circulation stroke (PCS), caused by infarction within the vertebrobasilar arterial
system, is a potentially life-threatening condition and accounts for about 20-25% of all
ischemic strokes. Diaghosing PCS can be challenging due to the vast area of brain
tissue supplied by the posterior circulation and, as a consequence, the wide range
of —frequently non-specific—symptoms. Commonly used prehospital stroke scales and
triage systems do not adequately represent signs and symptoms of PCS, which may also
escape detection by cerebral imaging. All these factors may contribute to causing delay
in recognition and diagnosis of PCS in the emergency context. This narrative review
approaches the issue of diagnostic error in PCS from different perspectives, including
anatomical and demographic considerations as well as pitfalls and problems associated
with various stages of prehospital and emergency department assessment. Strategies
and approaches to improve speed and accuracy of recognition and early management
of PCS are outlined.
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INTRODUCTION

Physicians long viewed posterior circulation stroke (PCS) as an entity sufficiently distinct from
anterior circulation stroke (ACS) to justify focusing on particulars of management rather than
attempting to identify stroke etiology and deriving therapeutic recommendations (1). The initiation
of the New England Medical Center Posterior Circulation Registry (NEMC PCR) in 1988
constituted a critical turning point, as this research provided a large body of new clinical and
imaging information which challenged this historical view and emphasized that PCS and ACS were,
in fact, more alike than they were different. In the wake of this work, the number of publications
dealing with a wide range of PCS-related topics increased dramatically. Nevertheless, despite
advancing knowledge about PCS, rates of misdiagnosis still exceed those in ACS, which is related to
several functional-anatomical properties of the posterior circulation and the clinical consequences
resulting from acute vascular pathology. These inherent characteristics furthermore lead to several
challenges concerning the correct recognition and diagnosis of PCS in the emergency department.

WHY PCS POSES A CHALLENGE TO CORRECT DIAGNOSIS

Differences in Vascular Anatomy and Susceptibility to Pathology

While the general nature of stroke in the anterior and posterior circulation is similar in many
respects, there are distinct anatomical differences between the carotid and the vertebrobasilar
vascular anatomy contributing to some of the differences in the way PCS is conceptually
approached. The posterior circulation consists of the vertebral arteries arising from the subclavian
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arteries, three paired cerebellar arteries, the basilar artery,
and the posterior cerebral arteries. Unlike the internal carotid
artery, which gives rise to many smaller branches, the bilateral
vertebral arteries join to form one large single midline vessel,
the basilar artery, which supplies the brainstem, occipital lobes,
and thalamus. Vascular pathology of various kinds can lead
to multi-level strokes in different anatomical regions of the
posterior circulation (2, 3). Long circumferential arteries with a
superficial course supply the lateral parts of the brainstem and
the cerebellum, while small penetrating arteries direct blood to
the medial portions of the brainstem and the base of the pons
(4). In comparison to the anterior circulation, larger parts of the
posterior circulation are fed by penetrating vessels with typical
distributions of arterial supply. As these arteries do not form
collaterals, vascular occlusion causes a lacunar stroke.

The anatomical and functional complexity of the structures
in the brainstem may make localization of clinical signs and
identification of the site of infarction in the posterior circulation
difficult. Most of the more recent posterior circulation stroke
registries (5, 6) categorized stroke locations into the proximal,
middle and distal vertebrobasilar artery territory as initially
suggested by Caplan et al. (7) and demonstrated in Figure 1.
In the NEMC PCR, most of the infarcts occurred in the distal
territory (40%), followed by proximal (18%) and middle (16%)
territory sites of infarction.

Atherosclerosis is the most common disease of the posterior
circulation arteries. In situ thrombosis often leads to complete
vessel occlusion, which in case of the basilar artery has
devastating consequences with mortality rates of up to 90% (8).
Embolism from the heart or proximal supplying vessels accounts
for 20-30% of posterior circulation infarcts (9). Especially in
young patients, vertebral artery dissections—due to trauma or
hereditary disorders—can give rise to PCS. Small vessel disease
often affects the paramedian branches of the basilar artery
penetrating pontine tissue. While 40% of the brain’s blood supply
is provided by each internal carotid artery, ~20% of cerebral
blood flow is attributable to the vertebrobasilar circulation (10).
This predicts one out of five isolated cardioembolic strokes to
be in the posterior circulation, as has been shown by diffusion-
weighted MRI studies analyzing lesion patterns and stroke
subtypes (9). The geometry of the vertebral artery origin from
the subclavian artery differs compared to the carotid system
since the vertebral artery has a nearly 90° take-off and is much
smaller than its parent artery, thus increasing the risk factors
for local atherosclerosis (11). Perhaps one of the most striking
features of the vertebrobasilar circulation is the high frequency of
anatomical variants—congenital anomalies, hypoplastic arteries,
and adult retention of fetal arterial communications and
patterns, to name the most relevant (12-14). Most are clinically
insignificant, but some may impact stroke risks. For example,
vertebral artery hypoplasia has been observed disproportionately
frequently in strokes affecting the posterior inferior cerebellar
artery (15), even though this has not been found to affect
lesion size and clinical severity (16). In addition, knowledge
about anatomical variants and anomalies in an individual may
be relevant for identifying stroke etiology and the ensuing
therapeutic consequences (17).

Atypical Presentation as an Obstacle to
Pre- and Early Intrahospital Symptom

Awareness and Recognition

Positive outcome after ischemic stroke heavily relies on early
treatment, which again depends on the fast and correct
recognition and interpretation of stroke symptoms by patients
and bystanders as well as by emergency medical service (EMS)
and emergency department (ED) staff in both the pre- and
early intrahospital phase. In this context, less classic or less
commonly-known symptoms and atypical patient characteristics
may represent specific challenges to PCS identification.

Lower Awareness for PCS Signs and Symptoms
A high level of public awareness of stroke symptoms and the
need to seek immediate medical attention is crucial for effective
acute stroke treatment. Although no study has specifically
focused on signs of PCS, research indicates that overall,
there is much room for improvement. A study focusing on
temporal trends in public awareness between 1995 and 2005
in Cincinnati found that knowledge of stroke warning signs
only slightly improved: those able to name three warning signs
rose from 5 to 16%, while there was no improvement in
the ability of the public to name at least one warning sign
(18). Not surprisingly, of typical stroke symptoms, the one
named least frequently was trouble seeing/visual impairment.
Interestingly, visual field abnormalities are among the most
common manifestations of PCS yet constitute a symptom of
which patients are often unaware (19). Finally, a Korean survey
noted an underappreciation of stroke warning signs other
than sudden paresis or numbness (20). Subsequently, it is not
surprising that process times like onset-to-door and door-to-
imaging times are significantly higher for PCS (21). A recent
systematic review aimed to identify the characteristics of acute
stroke presentations associated with inaccurate identification
by EMS (22). The authors conclude from data reported in
21 studies that between 2 and 52% of all stroke presentations
transported by EMS are not diagnosed on-site. The most
common stroke presentations in these cases included posterior
circulation symptoms such as nausea/vomiting, dizziness, and
visual disturbance/impairment. Clinical manifestations of PCS
and differential diagnoses to consider are presented in Table 1,
Figure 2. While present in patients with an acute stroke,
most frequently in those with PCS, these symptoms may
occur in a wide range of conditions and thus possess a
low signal-to-noise ratio when it comes to stroke detection.
Mental status alterations—a term way too imprecise for a
wide variety of cognitive and behavioral symptoms reported
in PCS—have been reported in up to 25% of missed stroke
cases (26-28). However, due to the anatomical features and
idiosyncrasies discussed above, it is essential to recognize that
these symptoms rarely occur in an isolated fashion in acute
stroke. PCS can present with a wide range and combination of
symptoms and signs, some of which overlap with those caused
by ACS.

As PCSs often present with non-specific symptoms such
as dizziness, headache, nausea, and vomiting (2, 24), these
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Registry (3). (Image courtesy of C. Herweh, Frankfurt).

FIGURE 1 | Posterior circulation vasculature. The vessels of the posterior circulation can cause multi-level strokes in different anatomical regions of the posterior
circulation. The complexity of especially the structures in the brainstem makes localization of clinical signs and the site of infarction more difficult than in the anterior
circulation. Angiography of the left vertebral and basilar artery. PCA, posterior cerebral artery; SCA, superior cerebellar artery; BA, basilar artery; AICA, anterior inferior
cerebellar artery; PICA, posterior inferior cerebellar artery; VA, vertebral artery; distribution according to the New England Medical Center Posterior Circulation Stroke

are usually not interpreted as potential stroke symptoms by
prehospital care providers and subsequently not assessed in
this context. On the contrary, Andersson et al. (29) found that
precisely those symptoms were more frequently documented and
evaluated in patients in whom no stroke was suspected. This
is extremely important to acknowledge in particular because
the framing of a call as a potential stroke significantly impacts
emergency department processes. The positive impact of early
stroke identification and ED pre-notification in general (30)
may generate a false sense of security with ED personnel over-
relying on EMS staff’s diagnostic impression and decision-
making (31). Similarly, widely-used triage tools have been
shown to under-appreciate the idiosyncrasies of neurological
emergencies (32, 33). Atypical stroke symptoms may not only
obscure subtler neurological abnormality, but they may also
make the clinical assessment, especially by non-neurologists,
difficult. Not surprisingly, there are also reports showing that
clinical deficits in hyperacute stroke assumed to be caused
by pathology in the anterior circulation eventually turn out
to be PCS (34). Localizing capacities are thus brought to
their limits, which would not be worrisome if a stroke
is recognized as such and the necessary diagnostic and
therapeutic measures ensue. All of the challenges mentioned
above contribute to a lower likelihood of early arrival of PCS
patients in the ED (35) and more frequent delays in neurological
evaluation after initial ED assessment and delayed intravenous
tissue plasminogen activator administration compared with
ACS patients (36).

Recent studies indicate that 20-60% of acute ischemic strokes
are missed in the emergency room setting (37, 38). Of these,
PCSs are nearly three times more likely than ACSs to be
missed, especially when presenting with nausea/vomiting and
dizziness (37). The risk of misdiagnosis is high when presenting
complaints are mild, non-specific, or transient, suggesting that
many cases of diagnostic error relate to symptom-specific factors
and perceived degree of impairment (38). While these data
refer to general ED populations, stroke is even less frequently
suspected in the young due to the lack of cardiovascular risk
factors and a different range of potential etiologies. According
to a recent study, these aspects underlie about 30% of missed
strokes in young patients in the ED (39). Clinical signs that
were initially missed in 50% of patients later identified by the
first neurological consultation included Horner’s syndrome, mild
focal weakness (monoparesis or hemiparesis), ataxia, nystagmus,
and hemianopia. Misdiagnosed patients were more frequently
females, had a significantly higher prevalence of dissections
and stroke involving the posterior circulation. Another study
found that patients aged 35 years or below with PCS were
more likely to be misdiagnosed (40). An especially vulnerable
population are women: several studies found that women present
more often with atypical stroke symptoms than men (39, 41).
This situation is made even more difficult because there is a
higher incidence of benign causes of symptoms such as headache
or vertigo in women and that several stroke mimics share
these characteristics with stroke chameleons, i.e., atypical stroke
presentations (42, 43).
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TABLE 1 | Clinical manifestations of posterior circulation stroke.

Territory Affected territory

Clinical manifestation

Distal Posterior cerebral artery

Top of the basilar artery

Middle Common brainstem syndromes

Proximal Superior cerebellar artery (from upper basilar
artery)

Posterior inferior cerebellar artery (from
intracranial vertebral artery)

Anterior inferior cerebellar artery (from lower

basilar artery)

Occipital cortex: visual field defect with contralateral homonymous hemianopia,
photopsia, and visual illusion; bilateral: cortical blindness, amnesia and agitation
(Anton’s syndrome)

Thalamus: impairment of arousal and orientation, learning and memory, personality,
and executive function; contralateral hemisensory loss, hemiparesis and hemiataxia,
and pain syndromes, visual field deficits, sensory loss, weakness, and dystonia

left: language deficits; right: visual-spatial deficits

Mesencephalon, thalamus and occipital and temporal lobe: unconsciousness,
oculomotor disturbances, cortical blindness, neuropsychological and mnestic deficits

Weber’s syndrome/paramedian and lateral midbrain infarct: ipsilateral lll nerve palsy,
contralateral hemiplegia

Foville’s syndrome/pontine tegmentum: Unilateral horizontal-gaze palsy, contralateral
hemiparesis

Wallenberg’s syndrome/lateral medullary infarct: ataxia, vertigo, nystagmus, nausea
and vomiting, loss of pick sensation in the ipsilsateral side of the face and
contralateral side of the body, dysphagia, dysarthria, ipsilateral Horner’s syndrome

Ipsilateral: limb dysmetria, Horner’s syndrome; contralateral: loss of sensation for
temperature and pain, IV nerve palsy, hearing loss, sleep disorder

When infarct spares the medulla: vertigo, headache, gait ataxia, appendicular ataxia,
horizontal nystagmus, with medullary involvement: Wallenberg’s syndrome

Vertigo, vomiting, tinnitus, dysarthria, dysphagia, Ipsilateral conjugate-lateral gaze palsy
Ipsilateral: Limb motor weakness, facial palsy, hearing loss, trigeminal sensory loss,
Horner’s syndrome, appendicular dysmetria

Differential diagnosis of posterior circulation stroke: intoxication, infectious disorders, posterior reversible encephalopathy syndrome, migraine, seizure,
benign paroxysmal peripheral vertigo, Meniere’s disease, Wernicke's encephalopathy, central pontine myelinolysis, electrolytse disturbances

Dizziness/vertigo

Headache
Nauseal/vomiting

Disturbed consciousness -1

— NEMC-PCR

(n=404)

CSR

7 (n=302)

IPCS-SQR

Unilateral limb weakness -

‘ (n=116)

Gait ataxia

Facial/lingual palsy -

Dysarthria|———
Nystagmus ==

0 10 20 30 40 50 60 70 80 90 100

FIGURE 2 | Most common symptoms in posterior circulation stroke as reported in the three large registries. NEMC-PCR, New England Medical Center Posterior
Circulation Registry (23); CSR, Chengdu Stroke Registry (24); IPCS-SQR, Ischaemic Posterior Circulation Stroke in the state of Qatar Registry (25).

%

Shortcomings of Pre- and Early Intrahospital Scales
and Tools

Different instruments for rapid stroke recognition have been
developed, most of these predominantly intended for prehospital
assessment by EMS personnel. The Face Arm Speech Test (FAST)
is perhaps the most popular, also designed to aid stroke sign
recognition by the general public. Prehospital stroke detection
scales have been found to have similar shortcomings, with e.g.,
FAST missing about half of PCS (44, 45). Furthermore, patients
with stroke misdiagnosis were commonly FAST-negative with

non-specific symptoms including altered mental status, dizziness,
and nausea/vomiting often associated with PCS, a finding that
provides a false sense of security during ED assessment (46).
In addition, recent years have seen a relative predominance
of research concerning the suitability of prehospital stroke
scales to recognize patients with large-vessel occlusion, who—
as potential candidates for endovascular therapy (EVT)—require
fast allocation to an EVT-capable stroke center (47). The
primary focus here has been the detection of anterior circulation
pathology rather than consideration of a subgroup of stroke
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patients with atypical symptoms and less-clear long-term benefit
from acute interventions.

The National Institutes of Health Stroke Scale (NIHSS) is
the most widely used deficit rating scale for assessing patients
with acute ischemic stroke. While it has been shown to have
a significant association with vessel occlusions in patients
with ACS, performance in patients with PCS is poorer (48).
Accordingly, PCS patients from the Acute Stroke Registry and
Analysis of Lausanne had lower NIHSS at admission than
ACS patients (49). The vast majority of PCS patients have
a baseline NIHSS scores <4 (50), and even a value of 0
cannot rule out the presence of stroke, a finding reported
in PCS patients in particular. In those patients commonly
presenting with symptoms like headache, vertigo, and nausea and
truncal ataxia as the most common neurologic signs (51), the
NIHSS drastically underestimates the degree of stroke-associated
functional impairment.

The Risk of False-Negative Neuroimaging

of the Posterior Fossa
Brain imaging plays a pivotal role in the differential diagnosis
of neurological deficits, and CT is usually employed in
the emergency setting because of its wide availability and
speed of the examination. Due to bone-related artifacts and
suboptimal brainstem resolution, however, the ability of this
imaging modality to visualize small—in particular pontine and
medullar—lesions is limited. Studies suggest that the sensitivity
of CT for the detection of acute PCS is low (52) and that a
negative CT may lead to false reassurance and missed stroke
diagnoses in the emergency setting, especially in patients with
less severe or inconclusive symptoms (53). To some extent,
this disadvantage is attenuated when multimodal CT-imaging
(CT angiography and CT perfusion) is employed, as reported
for patients with acute vestibular syndrome who received
intravenous thrombolysis triggered by information supplied
by these procedures (54). One study found that while there
were lower rates of early ischemic signs on admission CT and
overall arterial pathology in PCS than in ACS, intracranial
arterial pathology was more prevalent in the former (49).
On a related note, in certain constellations of high clinical
certainty of an acute cerebrovascular event, CT angiography
is mandatory for demonstrating the site of vascular occlusion,
thereby guiding treatment decisions (55). Compared to digital
subtraction angiography (DSA), CT angiography is a reliable
method for detecting lesions in the posterior circulation. It may,
due to its relative ease of applicability, frequently be used instead
of DSA. Similarly, adding CT perfusion to the scanning protocol
may improve diagnostic accuracy (56). However, particularly in
vertebral artery imaging, DSA remains superior (57).
Diffusion-weighted MRI (DWI) was introduced and
established as a routine imaging procedure in acute ischemic
stroke in the late 1990s; since then, many studies covering
numerous different facets of ischemic stroke diagnostics
have been published. DWI is exquisitely sensitive and able
to demonstrate even minutely-sized acute ischemic lesions
(58). The impaired mobility of water protons in ischemic

tissue generates a strong signal against the background of
healthy tissue on DWI, which provides high contrast of the
lesion. The characterization of especially brainstem ischemic
stroke lesions via imaging—previously only possible in post-
mortem neuroanatomical studies—has since seen tremendous
improvement (59). The number of publications dealing with
routine clinical use of DWI related to specific aspects of PCS has
risen substantially, and various clinical-anatomical facets have
been explored (60, 61). However, despite the obvious advantages
of DWI, a considerable number of infarcts may still be missed
in cases of false-negative imaging (62), which was reported in
the context of small lacunar lesions (63), in association with
minor clinical deficits of <5 NIHSS points (64), and when
MRI was performed very shortly after symptom onset (65). In
addition, false negativity of DWI was found to occur five times
more often in PCS (66). This phenomenon has been attributed
to a different temporal evolution of DWI hyperintensities in
acute brainstem infarcts compared to hemispheric stroke in the
anterior circulation (67). As sensitivity increases over time, an
early negative MRI, in particular, should not be relied upon too
readily to rule out PCS, especially when symptoms persist.

DIAGNOSTIC ERROR IN THE EMERGENCY
CONTEXT

Diagnostic error constitutes a substantial hazard to patient
safety, and its potential consequences such as permanent
disability or death are dire (68). It disproportionally affects
neurological disorders and cerebrovascular events like stroke
in particular (38, 41, 69-71). As a result, time-sensitive
treatments may not be administered, and established standards
of stroke care or secondary preventive measures may not
be implemented. These missed opportunities bear significant
medical and socioeconomic ramifications like higher rates of
disability and mortality (72), higher hospital readmission (37),
and prolonged hospitalization (70).

Bedside examination and clinical reasoning and decision-
making are particularly prone to error (73, 74). In the latter
two, clinicians employ heuristics in order to process complex
information and plan work-up and treatment efficiently. They
are indispensable in day-to-day practice, but in particular in
the prehospital and emergency department context, which are
fast-paced environments where there is often only limited
or incomplete information available upon which part of the
diagnostic considerations are based. In addition, time and
resource constraints, frequent interruptions, and the need to
multitask characterize these workplaces. Despite their undeniable
value, heuristics are associated with certain pitfalls, which may
lead to diagnostic error (75, 76). Accordingly, failed heuristics
have been identified as one type of cognitive error occurring
in the ED (77). Some of the diagnostic challenges presented by
PCS and discussed above may be linked to different kinds of
cognitive errors, such as diagnostic anchoring when EMS staft
initially do not consider stroke, and later it is not introduced
into the spectrum of differential diagnoses. Similarly, false
reassurance by a negative CT scan can be considered an
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instance of blind obedience (76). These heuristics need to be
viewed in the context of two different modes of information
processing and management, a Type 1 “intuitive” and a Type
2 “analytical” mode of thinking, each of them possessing
distinct merits and weaknesses (78). A number of strategies and
interventions have been suggested to address these cognitive
factors and the employment of Type 1 and Type 2 thinking,
e.g., through debiasing techniques, reflective practice, or cross-
checks. However, evidence for their effectiveness especially
in the emergency care system is limited (79). There are
no initiatives directly addressing cognitive errors in missed
diagnoses of stroke in general and PCS in particular but a
variety of solutions targeting different stages of the process of
recognizing and diagnosing stroke have been suggested, and both
implicit and explicit reverberations of cognitive phenomena and
corresponding corrective strategies can be identified therein.

APPROACHES TO SOLVING THE
PROBLEM OF PSC MISDIAGNOSIS

Improving Symptom Recognition
Prehospitally and During Triage

Timely recognition of stroke symptoms in the prehospital
context as the first link in the chain of acute stroke care is an
essential precondition for all following phases and refinement
efforts. The need for improvement here is underscored by the
fact that onset-to-door times have seen comparatively little
change in comparison to intrahospital process times (30, 80,
81). Campaigns targeted at raising public stroke awareness
may aid in increasing knowledge about stroke symptoms and
the subsequent motivation to seek medical advice (82), even
though help-seeking behavior has been found to be more
dependent on perceived symptom severity than on actual
symptom knowledge (83). The dominant representation of
motor and speech disturbances in many public campaigns
and the more pronounced functional impairment frequently
associated with them may further increase disparities regarding
the appropriate recognition and interpretation of atypical stroke
symptoms or mild deficits. One challenge to address in the
future will be to adequately represent these stroke manifestations
without sacrificing brevity and memorability for application in
public incentives. One of these respective attempts concerns the
extension of the FAST mnemonic to include an assessment of
balance and eye movement abnormalities, BE-FAST (84). Despite
the lack of prospective studies, this modification of a screening
method used by laypersons as well as EMS dispatchers and
providers alike may be a promising strategy to pursue. In a
retrospective study, BE-FAST was found to be a very sensitive tool
for screening among hospitalized patients evaluated through an
inpatient stroke alert system (85). Even though shortcomings of
preclinical stroke screening instruments regarding PCS diagnosis
have been appreciated, there have been relatively few efforts to
supplement them with additional tools for PCS recognition (86).
The same holds for severity scales like the NIHSS, for which
an extended version, the eNIHSS, appreciating the posterior
circulation has been offered (87) but does not appear to

have gained much practical traction. Increasing knowledge and
awareness in EMS staff regarding atypical stroke syndromes
as those frequently found in PCS will be an important target
for future work to reduce prehospital delays and errors in the
early stages of patient assessment and allocation. One ambulance
service in the UK added nausea to their prehospital stroke
screening tool, which also includes vertigo, visual problems,
and ataxia as further signs indicative of PCS (88). Another
study demonstrated that an initiative as simple as training
paramedics to perform the finger-to-nose test may facilitate PCS
identification (89). The particular relevance of such efforts is
also emphasized in the context of a recent study suggesting
that ED staff does appear to rely on EMS staff’s diagnostic
impression (31). Hence, when EMSs fail to recognize stroke
and do not pre-notify the ED, ED processes are negatively
impacted. It follows that triage nurses are another important
target population for initiatives aimed at increasing knowledge
about and awareness of atypical stroke presentations. With regard
to the shortcomings of established triage instruments, these
may either be complemented by a neurological assessment, or
dedicated neurological triage instruments (90) may be applied.
In addition, the use of “do not-to-miss” diagnoses checklists for
common complaints such as headache or dizziness has been
advocated (91, 92), and their potential impact on ED diagnostic
quality and processes deserves further prospective exploration.

Strategies to Improve Diagnostic Yield in

ED Clinical Assessment and Imaging

Considerable efforts have been devoted to improving the
diagnostic accuracy of patients presenting with vertigo. In
view of the costs caused by overdiagnosis and overtreatment
of benign causes of dizziness as well as inadequate use of
diagnostic methods in the diagnosis of stroke, in particular
imaging, a sensitive yet quick and cost-effective assessment of
patients with vertigo is much needed (93). In this regard, much
attention has been drawn to an improved approach to history
taking focusing on timing and triggers rather than symptom
quality (94, 95), allowing for categorization of vestibular
syndromes as either acute, triggered-episodic, spontaneous-
episodic, or chronic, and the development of clinical pathways
and algorithms to differentiate potential etiologies and guide an
adequate syndrome-specific work-up (96). The HINTS (head
impulse test, nystagmus, test of skew) diagnostic triad has been
extensively investigated (97), and several modifications such as
additional bedside assessment of hearing (98) or ataxia (99) have
been proposed. Importantly, the head impulse test (HIT) as an
essential component of these targeted forms of examination is
underutilized in the ED: one study (100) found it was applied to
patients with dizziness in only 5% of cases and in ~7% of cases
with acute vestibular syndrome, for which it is most suited. This
is all the more relevant since appropriately trained ED physicians
are able to accurately administer the assessment (101). To reduce
inter-observer variability and increase reliability, the test may
be performed using video goggles, allowing for quantification of
vestibular function and skew deviation (97). Such a procedure
is assessed in an ongoing multicenter phase II trial, the AVERT
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FIGURE 3 | Pitfalls associated with the diagnosis of PCS in the chain of acute stroke care and suggested approaches to solution. CT, computed tomography; MR,

(Acute Video-Oculography for Vertigo in Emergency Rooms for
Rapid Triage) trial (102). With some of the available systems
providing feedback regarding the correct velocity of a given
impulse, their usefulness in the ED setting with examiners from
different levels of skill and experience becomes immediately
evident. Further development of this technology is underway,
aiming at making its application more feasible and user-friendly
in the ED setting (103). Automated saccade analysis may usefully
complement video-oculography based HIT (104).

Whether or not the presence of a neurologist is necessary
for reducing the rate of diagnostic error on PCS is equivocal:
The presence of in-house neurology residents was associated
with a lower risk of missed stroke in young patients but
only after the exclusion of those patients who did not receive
an emergency neurological consultation (105). However, even
if a specialist assessment is obtained, the risk of missing
the correct diagnosis is not fully abolished (72). In addition,
community and academic hospitals, usually with easier access
to neurological expertise in the latter, did not differ in the
rate of missed strokes (37). Targeted education of neurology
and ED physician trainees working in the ED concerning
atypical stroke presentations may hence be an opportunity to
further reduce diagnostic error in the ED. If direct neurological
consultation is neither possible nor feasible, technology enables
the remote assessment of patients with suspected stroke (106)
and a wide variety of neurological conditions. Dizziness and
vertigo have also been targets of telemedical approaches (107).

Connected technology for data acquisition in conjunction with
information from the patient’s history and imaging may feed into
the development of machine learning-based decision support
solutions (108). It finally bears mentioning that the ongoing
COVID-19 pandemic has substantially boosted the need for
efforts to improve remote assessment and management of
patients with these complaints (109, 110).

Regarding the pitfalls associated with MRI imaging in case
of suspected PCS, several strategies may be pursued, such as
adjusting MRI sequences with regard to slice thickness and
orientation (111), using higher b-values for better contrast (112),
adding additional perfusion sequences (113), or performing MRI
in a time window of 5-12h after symptom onset for increased
sensitivity (59). Many argue that despite higher diagnostic
accuracy of MRI, it commonly involves complex workflows that
could potentially cause treatment delays and that performing
comprehensive CT at presentation is the most cost-effective
initial imaging strategy at comprehensive stroke centers (114).
Even in light of these important areas of limitations and
discordance, increased use of DWI in patients with atypical
or unspecific symptoms in the ED is an especially useful aid
in diagnosing entities such as cerebellar stroke presenting with
isolated vertigo (115) and in evaluating patients with symptoms
suspected to be stroke mimics (116), or those with migrainous
stroke (117). MRI, therefore, plays a pivotal role in guiding
the correct diagnosis and treatment of patients with PCS. In
this regard, the formulation of imaging guidelines for patients
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presenting with atypical symptoms is an important area to
focus on to further improve diagnostic accuracy and yield,
particularly with respect to PCS (118)—all the more so since
current recommendations emphasize symptom duration and
patient selection for different therapeutic options—again with a
focus on the anterior circulation (119, 120).

Figure 3 summarizes pitfalls and challenges and approaches
to overcome them with respect to the early links in the chain of
acute stroke care.

Challenges and Opportunities for PCS
Diagnostic Accuracy in the Context of the
Coronavirus Disease 2019 (COVID-19)

Pandemic

The ongoing COVID-19 pandemic has been posing
extraordinary challenges to medicine and healthcare. The
surge of infections in particular during the first wave of the
pandemic frequently necessitated the reorganization and
restructuring of prehospital and emergency room pathways of
stroke patients and the reallocation of resources, impacting access
diagnostics and therapy (121). Moreover, even in regions that
were not as severely affected or where resources for acute stroke
care were not limited, hospital admissions for cerebrovascular
events decreased, presumably reflecting the influence of social
distancing measures (122, 123). Not only may these cause
patients to not seek medical help in the first place but they may
theoretically impede the clinical assessment (124). Hence, there
has been growing need for efforts to improve remote evaluation
and management of patients with neurologic complaints. The
use and acceptance of teleneurological consultations have been
increasing (125, 126), and it is encouraging that observable
neurological signs, which are feasible for remote assessment,
appear to have better inter-rater reliability than elicitable signs,
which often require direct contact with the patient (127).
Since virtual HINTS and the Dix-Hallpike maneuver have
been demonstrated to be applicable via telemedicine (110),

REFERENCES

1. Caplan L. Posterior circulation ischemia: then, now, and tomorrow.
The Thomas Willis Lecture-2000.  Stroke. (2000) 31:2011-23.
doi: 10.1161/01.STR.31.8.2011

2. Caplan LR. Caplan’s Stroke. Butterworth-Heinemann Medical (2000).
Oxford: Butterworth-Heinemann Medical. 556.p.

3. Caplan LR, Wityk R], Glass TA, Tapia J, Pazdera L, Chang HM,, et al. New
England medical center posterior circulation registry. Ann Neurol. (2004)
56:389-98. doi: 10.1002/ana.20204

4. Caplan L. Caplan’s Stroke. Elsevier Health Sciences. (2009). 688.p.

5. Bogousslavsky J, Regli F, Maeder P, Meuli R, Nader J. The etiology of
posterior circulation infarcts: a prospective study using magnetic resonance
imaging and magnetic resonance angiography. Neurology. (1993) 43:1528-
33. doi: 10.1212/WNL.43.8.1528

6. Glass TA, Hennessey PM, Pazdera L, Chang HM, Wityk RJ, Dewitt
LD, et al. Outcome at 30 days in the New England Medical Center
Posterior ~ Circulation Registry. Arch  Neurol. (2002) 59:369-76.
doi: 10.1001/archneur.59.3.369

7. Caplan L, Chung CS, Wityk R, Glass T, Tapia J, Pazdera L, et al. New
England medical center posterior circulation stroke registry: I. Methods, data

solutions for additional components of the oculomotor exam
may be developed and implemented. It remains to be seen,
first, if and how these approaches, which can theoretically be
applied to synchronous as well as asynchronous assessments,
supplement or replace on-site examination, and second, how
their implementation impacts on the diagnostic accuracy
of PCS.

DISCUSSION

Emergency department utilization in many countries has
substantially increased in recent years. The treatment of
patients with neurological emergencies such as acute ischemic
stroke is time-sensitive and requires swift action. In addition,
the medical management of stroke patients today is more
complex and multifaceted than ever before. The diagnostic
process—an essential component of patient care in emergency
departments—highly relies on successful teamwork among
health care professionals, like EMS staff and ED healthcare
teams, including physicians of various disciplines and nurses.
This concerted and collaborative effort of all those participating
in the acute management of stroke patients is critical to
successfully circumnavigate the challenges and pitfalls of
PCS diagnosis.

AUTHOR CONTRIBUTIONS

CH: conducted literature search, conceptualized review, and
wrote the first draft. KS: conducted literature search and revised
the manuscript. Both authors contributed to the article and
approved the submitted version.

FUNDING

CH receives a grant within the Olympia Morata Programme of
Heidelberg University.

base, distribution of brain lesions, stroke mechanisms, and outcomes. J Clin
Neurol. (2005) 1:14-30. doi: 10.3988/jcn.2005.1.1.14

8. Voetsch B, DeWitt LD, Pessin MS, Caplan LR. Basilar artery occlusive disease
in the New England Medical Center Posterior Circulation Registry. Arch
Neurol. (2004) 61:496-504. doi: 10.1001/archneur.61.4.496

9. Caplan LR, Manning WJ. Brain Embolism. CRC Press (2006). 349.p.
doi: 10.3109/9781420017151

10. Boyajian RA, Schwend RB, Wolfe MM, Bickerton RE, Otis SM. Measurement
of anterior and posterior circulation flow contributions to cerebral blood
flow. an ultrasound-derived volumetric flow analysis. ] Neuroimaging. (1995)
5:1-3. doi: 10.1111/jon1995511

11. Ravensbergen J, Krijger JKB, Hillen B. The influence of the angle of
confluence on the flow in a vertebro-basilar junction model. ] Biomec. (1996)
29:281-99. doi: 10.1016/0021-9290(95)00064-X

12. Parmar H, Sitoh YY, Hui F. Normal variants of the intracranial circulation
demonstrated by MR angiography at 3T. Eur ] Radiol. (2005) 56:220-8.
doi: 10.1016/j.ejrad.2005.05.005

13. Sparaco M, Ciolli L, Zini A. Posterior circulation ischaemic stroke-

a review part I: anatomy, aetiology and clinical presentations.
Neurol  Sci.  (2019)  40:1995-2006.  doi:  10.1007/s10072-019-03
977-2

Frontiers in Neurology | www.frontiersin.org

July 2021 | Volume 12 | Article 682827


https://doi.org/10.1161/01.STR.31.8.2011
https://doi.org/10.1002/ana.20204
https://doi.org/10.1212/WNL.43.8.1528
https://doi.org/10.1001/archneur.59.3.369
https://doi.org/10.3988/jcn.2005.1.1.14
https://doi.org/10.1001/archneur.61.4.496
https://doi.org/10.3109/9781420017151
https://doi.org/10.1111/jon1995511
https://doi.org/10.1016/0021-9290(95)00064-X
https://doi.org/10.1016/j.ejrad.2005.05.005
https://doi.org/10.1007/s10072-019-03977-2
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

Hoyer and Szabo

Emergency Department PCS Misdiagnosis

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

van Raamt AF, Mali WP, van Laar PJ, van der Graaf Y. The fetal variant of
the circle of Willis and its influence on the cerebral collateral circulation.
Cerebrovasc Dis. (2006) 22:217-24. doi: 10.1159/000094007

Thierfelder KM, Baumann AB, Sommer WH, Armbruster M, Opherk
C, Janssen H, et al. Vertebral artery hypoplasia: frequency and effect
on cerebellar blood flow characteristics. Stroke. (2014) 45:1363-8.
doi: 10.1161/STROKEAHA.113.004188

Sauer T, Wolf ME, Ebert AD, Szabo K, Chatzikonstantinou A. Vertebral
artery hypoplasia does not influence lesion size and clinical severity
in acute ischemic stroke. J Stroke Cerebrovasc Dis. (2016) 25:1770-5.
doi: 10.1016/j.jstrokecerebrovasdis.2016.03.050

Singh R, Kumar R, Kumar A. Vascular anomalies of posterior
fossa and their implications. ] Craniofac Surg. (2017) 28:2145-50.
doi: 10.1097/SCS.0000000000003867

Kleindorfer D, Khoury J, Broderick JP, Rademacher E, Woo D,
Flaherty ML, et al. Temporal trends in public awareness of stroke:
warning signs, risk factors, and treatment. Stroke. (2009) 40:2502-6.
doi: 10.1161/STROKEAHA.109.551861

Celesia GG, Brigell MG, Vaphiades MS. Hemianopic anosognosia.
Neurology. (1997) 49:88-97. doi: 10.1212/WNL.49.1.88

Hong KS, Bang OY, Kim JS, Heo JH, Yu KH, Bae HJ, et al. Stroke statistics
in Korea: Part II stroke awareness and acute stroke care, a report from the
korean stroke society and clinical research center for stroke. J Stroke. (2013)
15:67-77. doi: 10.5853/j0s.2013.15.2.67

Beltran-Rodriguez I, Tejada-Garcia J, Duran-Borrella O, Rodrigo-Stevens
G, Garcfa-Vieitez JJ. [Vertebrobasilar stroke: recording of care times
and factors related to early care]. Rev Neurol. (2020) 71:326-34.
doi: 10.33588/rn.7109.2020089

Jones SP, Bray JE, Gibson JME, McClelland G, Miller C, Price CI, et al.
Characteristics of patients who had a stroke not initially identified during
emergency prehospital assessment: a systematic review. Emerg Med J. (2021)
38:387-93. doi: 10.1136/emermed-2020-209607

Searls DE, Pazdera L, Korbel E, Vysata O, Caplan LR. Symptoms and
signs of posterior circulation ischemia in the new England medical
center posterior circulation registry. Arch Neurol. (2012) 69:346-51.
doi: 10.1001/archneurol.2011.2083

Tao WD, Liu M, Fisher M, Wang DR, Li J, Furie KL, et al. Posterior versus
anterior circulation infarction: how different are the neurological deficits.
Stroke. (2012) 43:2060-5. doi: 10.1161/STROKEAHA.112.652420

Akhtar N, Kamran SI, Deleu D, D’Souza A, Miyares F, Elsotouhy A, et al.
Ischaemic posterior circulation stroke in State of Qatar. Eur ] Neurol. (2009)
16:1004-9. doi: 10.1111/j.1468-1331.2009.02709.x

Brandler ES, Sharma M, McCullough E Ben-Eli D, Kaufman B,
Khandelwal P, et al. Prehospital stroke identification: factors associated
with diagnostic accuracy. ] Stroke Cerebrovasc Dis. (2015) 24:2161-6.
doi: 10.1016/j.jstrokecerebrovasdis.2015.06.004

Bray JE, Coughlan K, Barger B, Bladin C. Paramedic diagnosis
of stroke: examining long-term use of the Melbourne Ambulance
Stroke Screen (MASS) in the field. Stroke. (2010) 41:1363-6.
doi: 10.1161/STROKEAHA.109.571836

Oostema JA, Konen J, Chassee T, Nasiri M, Reeves M]J. Clinical predictors
of accurate prehospital stroke recognition. Stroke. (2015) 46:1513-7.
doi: 10.1161/STROKEAHA.115.008650

Andersson E, Bohlin L, Herlitz J, Sundler AJ, Fekete Z, Andersson
Hagiwara M. Prehospital identification of patients with a final
hospital diagnosis of stroke. Prehosp Disaster Med. (2018) 33:63-70.
doi: 10.1017/51049023X17007178

Kamal N, Smith EE, Jeerakathil T, Hill MD. Thrombolysis: improving door-
to-needle times for ischemic stroke treatment - a narrative review. Int |
Stroke. (2018) 13:268-76. doi: 10.1177/1747493017743060

Tennyson JC, Michael SS, Youngren MN, Reznek MA. Delayed recognition
of acute stroke by emergency department staff following failure to activate
stroke by emergency medical services. West ] Emerg Med. (2019) 20:342-50.
doi: 10.5811/westjem.2018.12.40577

Hoyer C, Stein P, Ebert A, Rausch HW, Nagel S, Eisele P, et al. Comparing
Expert and non-expert assessment of patients presenting with neurological
symptoms to the emergency department: a retrospective observational study.
Neuropsychiatr Dis Treat. (2020) 16:447-56. doi: 10.2147/NDT.S236160
Lange R, Popp S, Erbguth F. [Focal point emergency departments].
Nervenarzt. (2016) 87:592-602. doi: 10.1007/s00115-016-0116-y

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Argentino C, De Michele M, Fiorelli M, Toni D, Sacchetti ML,
Cavalletti C, et al. Posterior circulation infarcts simulating anterior
circulation stroke. perspective of the acute phase. Stroke. (1996) 27:1306-9.
doi: 10.1161/01.STR.27.8.1306

Gargano JW, Wehner S, Reeves MJ. Presenting symptoms and
onset-to-arrival time in patients with acute stroke and transient
ischemic attack. J Stroke Cerebrovasc Dis. (2011) 20:494-502.

doi: 10.1016/j.jstrokecerebrovasdis.2010.02.022

Sarraj A, Medrek S, Albright K, Martin-Schild S, Bibars W, Vahidy E et
al. Posterior circulation stroke is associated with prolonged door-to-needle
time. Int ] Stroke. (2015) 10:672-8. doi: 10.1111/j.1747-4949.2012.00952.x
Arch AE, Weisman DC, Coca S, Nystrom KV, Wira CR, Schindler
JL. Missed ischemic stroke diagnosis in the emergency department by
emergency medicine and neurology services. Stroke. (2016) 47:668-73.
doi: 10.1161/STROKEAHA.115.010613

Tarnutzer AA, Lee SH, Robinson KA, Wang Z, Edlow JA, Newman-
Toker DE. ED misdiagnosis of cerebrovascular events in the era of
modern neuroimaging: a meta-analysis. Neurology. (2017) 88:1468-77.
doi: 10.1212/WNL.0000000000003814

Cejas LL, Mazziotti J, Zinnerman A, Nofal P, Pardal ME, Bonardo P, et
al. Misdiagnosis of acute ischemic stroke in young patients. Medicina.
(2019) 79:90-4.

Kuruvilla A, Bhattacharya P, Rajamani K, Chaturvedi S. Factors associated
with misdiagnosis of acute stroke in young adults. J Stroke Cerebrovasc Dis.
(2011) 20:523-7. doi: 10.1016/j.jstrokecerebrovasdis.2010.03.005
Newman-Toker DE, Moy E, Valente E, Coffey R, Hines AL. Missed
diagnosis of stroke in the emergency department: a cross-sectional
analysis of a large population-based sample. Diagnosis. (2014) 1:155-66.
doi: 10.1515/dx-2013-0038

Bisdorff A, Bosser G, Gueguen R, Perrin P. The epidemiology of vertigo,
dizziness, and unsteadiness and its links to co-morbidities. Front Neurol.
(2013) 4:29. doi: 10.3389/fneur.2013.00029

Liberman AL, Prabhakaran S. Stroke chameleons and stroke mimics
in the emergency department. Curr Neurol Neurosci Rep. (2017) 17:15.
doi: 10.1007/s11910-017-0727-0

Gulli G, Markus HS. The use of FAST and ABCD2 scores in posterior
circulation, compared with anterior circulation, stroke and transient
ischemic attack.[letter]. J Neurol Neurosurg Psychiatry. (2012) 83:228-29.
doi: 10.1136/jnnp.2010.222091

Whiteley WN, Wardlaw JM, Dennis MS, Sandercock PA. Clinical scores for
the identification of stroke and transient ischaemic attack in the emergency
department: a cross-sectional study. J Neurol Neurosurg Psychiatry. (2011)
82:1006-10. doi: 10.1136/jnnp.2010.235010

Venkat A, Cappelen-Smith C, Askar S, Thomas PR, Bhaskar S, Tam A, et al.
Factors associated with stroke misdiagnosis in the emergency department:
a retrospective case-control study. Neuroepidemiology. (2018) 51:123-7.
doi: 10.1159/000491635

Lima FO, Mont'Alverne FJA, Bandeira D, Nogueira RG. Pre-hospital
assessment of large vessel occlusion strokes: implications for modeling
and planning stroke systems of care. Front Neurol. (2019) 10:955.
doi: 10.3389/fneur.2019.00955

Heldner MR, Zubler C, Mattle HP, Schroth G, Weck A, Mono ML, et
al. National Institutes of Health stroke scale score and vessel occlusion
in 2152 patients with acute ischemic stroke. Stroke. (2013) 44:1153-7.
doi: 10.1161/STROKEAHA.111.000604

Zurcher E, Richoz B, Faouzi M, Michel P. Differences in ischemic
anterior and posterior circulation strokes: a clinico-radiological
and outcome analysis. | Stroke Cerebrovasc Dis. (2019) 28:710-8.
doi: 10.1016/j.jstrokecerebrovasdis.2018.11.016

Inoa V, Aron AW, Staff I, Fortunato G, Sansing LH. Lower NIH stroke
scale scores are required to accurately predict a good prognosis in posterior
circulation stroke. Cerebrovasc Dis. (2014) 37:251-5. doi: 10.1159/000358869
Martin-Schild S, Albright KC, Tanksley J, Pandav V, Jones EB, Grotta JC, et
al. Zero on the NIHSS does not equal the absence of stroke. Ann Emerg Med.
(2011) 57:42-5. doi: 10.1016/j.annemergmed.2010.06.564

Chalela JA, Kidwell CS, Nentwich LM, Luby M, Butman JA, Demchuk
AM, et al. Magnetic resonance imaging and computed tomography in
emergency assessment of patients with suspected acute stroke: a prospective
comparison. Lancet. (2007) 369:293-8. doi: 10.1016/S0140-6736(07)
60151-2

Frontiers in Neurology | www.frontiersin.org

July 2021 | Volume 12 | Article 682827


https://doi.org/10.1159/000094007
https://doi.org/10.1161/STROKEAHA.113.004188
https://doi.org/10.1016/j.jstrokecerebrovasdis.2016.03.050
https://doi.org/10.1097/SCS.0000000000003867
https://doi.org/10.1161/STROKEAHA.109.551861
https://doi.org/10.1212/WNL.49.1.88
https://doi.org/10.5853/jos.2013.15.2.67
https://doi.org/10.33588/rn.7109.2020089
https://doi.org/10.1136/emermed-2020-209607
https://doi.org/10.1001/archneurol.2011.2083
https://doi.org/10.1161/STROKEAHA.112.652420
https://doi.org/10.1111/j.1468-1331.2009.02709.x~
https://doi.org/10.1016/j.jstrokecerebrovasdis.2015.06.004
https://doi.org/10.1161/STROKEAHA.109.571836
https://doi.org/10.1161/STROKEAHA.115.008650
https://doi.org/10.1017/S1049023X17007178
https://doi.org/10.1177/1747493017743060
https://doi.org/10.5811/westjem.2018.12.40577
https://doi.org/10.2147/NDT.S236160
https://doi.org/10.1007/s00115-016-0116-y
https://doi.org/10.1161/01.STR.27.8.1306
https://doi.org/10.1016/j.jstrokecerebrovasdis.2010.02.022
https://doi.org/10.1111/j.1747-4949.2012.00952.x
https://doi.org/10.1161/STROKEAHA.115.010613
https://doi.org/10.1212/WNL.0000000000003814
https://doi.org/10.1016/j.jstrokecerebrovasdis.2010.03.005
https://doi.org/10.1515/dx-2013-0038
https://doi.org/10.3389/fneur.2013.00029
https://doi.org/10.1007/s11910-017-0727-0
https://doi.org/10.1136/jnnp.2010.222091
https://doi.org/10.1136/jnnp.2010.235010
https://doi.org/10.1159/000491635
https://doi.org/10.3389/fneur.2019.00955
https://doi.org/10.1161/STROKEAHA.111.000604
https://doi.org/10.1016/j.jstrokecerebrovasdis.2018.11.016
https://doi.org/10.1159/000358869
https://doi.org/10.1016/j.annemergmed.2010.06.564
https://doi.org/10.1016/S0140-6736(07)60151-2
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

Hoyer and Szabo

Emergency Department PCS Misdiagnosis

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

Grewal K, Austin PC, Kapral MK, Lu H, Atzema CL. Missed
strokes using computed tomography imaging in patients with
vertigo: population-based cohort study. Stroke. (2015) 46:108-13.
doi: 10.1161/STROKEAHA.114.007087

Machner B, Choi JH, Neumann A, Trillenberg P, Helmchen C. What guides
decision-making on intravenous thrombolysis in acute vestibular syndrome
and suspected ischemic stroke in the posterior circulation. J Neurol. (2021)
268:249-64. doi: 10.1007/s00415-020-10134-9

Sylaja PN, Puetz V, Dzialowski I, Krol A, Hill MD, Demchuk AM. Prognostic
value of CT angiography in patients with suspected vertebrobasilar ischemia.
J Neuroimaging. (2008) 18:46-9. doi: 10.1111/j.1552-6569.2007.00174.x
Sporns P, Schmidt R, Minnerup J, Dziewas R, Kemmling A, Dittrich
R, et al. Computed tomography perfusion improves diagnostic accuracy
in acute posterior circulation stroke. Cerebrovasc Dis. (2016) 41:242-7.
doi: 10.1159/000443618

Graf J, Skutta B, Kuhn FP, Ferbert A. Computed tomographic angiography
findings in 103 patients following vascular events in the posterior
circulation: potential and clinical relevance. J Neurol. (2000) 247:760-6.
doi: 10.1007/s004150070089

Gass A, Ay H, Szabo K, Koroshetz W]J. Diffusion-weighted MRI for the
“small stuff”: the details of acute cerebral ischaemia. Lancet Neurol. (2004)
3:39-45. doi: 10.1016/51474-4422(03)00621-5

Kitker W, Weise ], Krapf H, Schmidt E Friese S, Bihr M. MRI
characteristics of acute and subacute brainstem and thalamic infarctions:
value of T2- and diffusion-weighted sequences. ] Neurol. (2002) 249:33-42.
doi: 10.1007/PL00007845

Forster A, Griebe M, Gass A, Hennerici MG, Szabo K. Recent advances
in magnetic resonance imaging in posterior circulation stroke: implications
for diagnosis and prognosis. Curr Treat Options Cardiovasc Med. (2011)
13:268-77. doi: 10.1007/s11936-011-0119-8

Linfante I, Llinas RH, Schlaug G, Chaves C, Warach S, Caplan LR. Diffusion-
weighted imaging and National Institutes of Health Stroke Scale in the
acute phase of posterior-circulation stroke. Arch Neurol. (2001) 58:621-8.
doi: 10.1001/archneur.58.4.621

Oppenheim C, Stanescu R, Dormont D, Crozier S, Marro B, Samson Y, et
al. False-negative diffusion-weighted MR findings in acute ischemic stroke.
AJNR Am J Neuroradiol. (2000) 21:1434-40.

Bulut HT, Yildirim A, Ekmekci B, Eskut N, Gunbey HP. False-negative
diffusion-weighted imaging in acute stroke and its frequency in anterior and
posterior circulation ischemia. J Comput Assist Tomogr. (2014) 38:627-33.
doi: 10.1097/RCT.0000000000000095

Zuo L, Zhang Y, Xu X, Li Y, Bao H, Hao J, et al. A retrospective analysis
of negative diffusion-weighted image results in patients with acute cerebral
infarction. Sci Rep. (2015) 5:8910. doi: 10.1038/srep08910

Aragio Homem C, Fonseca AC, Geraldes R, Pinho e Melo T. Brain
magnetic resonance with negative diffusion-weighted imaging: does it
preclude acute stroke diagnosis. J Stroke Cerebrovasc Dis. (2015) 24:¢251-3.
doi: 10.1016/j.jstrokecerebrovasdis.2015.04.038

Edlow BL, Hurwitz S, Edlow JA. Diagnosis of DWI-negative acute
ischemic stroke: a meta-analysis. Neurology. (2017) 89:256-62.
doi: 10.1212/WNL.0000000000004120

Axer H, Grissel D, Bramer D, Fitzek S, Kaiser WA, Witte OW, et al.
Time course of diffusion imaging in acute brainstem infarcts. ] Magn Reson
Imaging. (2007) 26:905-12. doi: 10.1002/jmri.21088

Saber Tehrani AS, Lee H, Mathews SC, Shore A, Makary MA, Pronovost PJ,
et al. 25-Year summary of US malpractice claims for diagnostic errors 1986-
2010: an analysis from the National Practitioner Data Bank. BMJ Qual Saf.
(2013) 22:672-80. doi: 10.1136/bmjqs-2012-001550

Lever NM, Nystrom KV, Schindler JL, Halliday J, Wira C, Funk M.
Missed opportunities for recognition of ischemic stroke in the emergency
department. ] Emerg Nurs. (2013) 39:434-9. doi: 10.1016/j.jen.2012.02.011
Madsen TE, Khoury J, Cadena R, Adeoye O, Alwell KA, Moomaw CJ, et al.
Potentially missed diagnosis of ischemic stroke in the emergency department
in the greater cincinnati/northern kentucky stroke study. Acad Emerg Med.
(2016) 23:1128-35. doi: 10.1111/acem.13029

Newman-Toker DE, Schaffer AC, Yu-Moe CW, Nassery N, Saber Tehrani
AS, Clemens GD, et al. Serious misdiagnosis-related harms in malpractice

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

claims: The “Big Three” - vascular events, infections, and cancers. Diagnosis.
(2019) 6:227-40. doi: 10.1515/dx-2019-0019

Richoz B, Hugli O, Dami E Carron PN, Faouzi M, Michel P.
Acute stroke chameleons in a university hospital: risk factors,
circumstances, and  outcomes.  Neurology.  (2015)  85:505-11.

doi: 10.1212/WNL.0000000000001830

Graber ML, Franklin N, Gordon R. Diagnostic error in internal medicine.
Arch Intern Med. (2005) 165:1493-9. doi: 10.1001/archinte.165.13.1493
Schift GD, Hasan O, Kim S, Abrams R, Cosby K, Lambert BL, et al. Diagnostic
error in medicine: analysis of 583 physician-reported errors. Arch Intern
Med. (2009) 169:1881-7. doi: 10.1001/archinternmed.2009.333

Croskerry P. The importance of cognitive errors in diagnosis
and strategies to minimize them. Acad Med. (2003) 78:775-80.
doi: 10.1097/00001888-200308000-00003

Vickrey BG, Samuels MA, Ropper AH. How neurologists think: a cognitive
psychology perspective on missed diagnoses. Ann Neurol. (2010) 67:425-33.
doi: 10.1002/ana.21907

Schnapp BH, Sun JE, Kim JL, Strayer RJ, Shah KH. Cognitive error
in an academic emergency department. Diagnosis. (2018) 5:135-42.
doi: 10.1515/dx-2018-0011

Croskerry P. A universal model of diagnostic reasoning. Acad Med. (2009)
84:1022-8. doi: 10.1097/ACM.0b013e3181ace703

Hartigan S, Brooks M, Hartley S, Miller RE, Santen SA, Hemphill RR. Review
of the basics of cognitive error in emergency medicine: still no easy answers.
West ] Emerg Med. (2020) 21:125-31. doi: 10.5811/westjem.2020.7.47832
Evenson KR, Foraker RE, Morris DL, Rosamond WD. A comprehensive
review of prehospital and in-hospital delay times in acute stroke care. Int |
Stroke. (2009) 4:187-99. doi: 10.1111/j.1747-4949.2009.00276.x
Ragoschke-Schumm A, Walter S, Haass A, Balucani C, Lesmeister M,
Nasreldein A, et al. Translation of the ‘time is brain’ concept into clinical
practice: focus on prehospital stroke management. Int | Stroke. (2014)
9:333-40. doi: 10.1111/ijs.12252

Payne GH, Fang J, Fogle CC, Oser CS, Wigand DA, Theisen V, et
al. Stroke awareness: surveillance, educational campaigns, and public
health practice. ] Public Health Manag Practice. (2010) 16:345-58.
doi: 10.1097/PHH.0b013e3181c8cb79

Teuschl Y, Brainin M. Stroke education: discrepancies among factors
influencing prehospital delay and stroke knowledge. Int ] Stroke. (2010)
5:187-208. doi: 10.1111/.1747-4949.2010.00428.x

Aroor S, Singh R, Goldstein LB. BE-FAST (Balance, Eyes, Face, Arm, Speech,
Time): reducing the proportion of strokes missed using the FAST mnemonic.
Stroke. (2017) 48:479-81. doi: 10.1161/STROKEAHA.116.015169

El Ammar F, Ardelt A, Del Brutto VJ, Loggini A, Bulwa Z, Martinez
RC, et al. BE-FAST: a sensitive screening tool to identify in-hospital
acute ischemic stroke. ] Stroke Cerebrovasc Dis. (2020) 29:104821.
doi: 10.1016/j.jstrokecerebrovasdis.2020.104821

Huwez F, Casswell EJ. FAST-AV or FAST-AB tool improves the sensitivity
of FAST screening for detection of posterior circulation strokes.[letter]. Int |
Stroke. (2013) 8:E3. doi: 10.1111/ijs.12008

Olivato S, Nizzoli S, Cavazzuti M, Casoni E Nichelli PE, Zini A. e-NIHSS:
an expanded national institutes of health stroke scale weighted for anterior
and posterior circulation strokes. J Stroke Cerebrovasc Dis. (2016) 25:2953-7.
doi: 10.1016/j.jstrokecerebrovasdis.2016.08.011

McClelland G, Rodgers H, CI P. A survey of UK ambulance
service stroke admission pathways. Int ] Stroke. (2018) 13:3S.
doi: 10.1177/1747493018801108

Oostema JA, Chassee T, Baer W, Edberg A, Reeves MJ. Educating paramedics
on the finger-to-nose test improves recognition of posterior stroke. Stroke.
(2019) 50:2941-3. doi: 10.1161/STROKEAHA.119.026221

Ofwald HM, Harenberg L, Jaschonek H, Mundiyanapurath S, Purrucker
JC, Rauch G, et al. Development and validation of the Heidelberg
Neurological Triage System (HEINTS). J Neurol. (2019) 266:2685-98.
doi: 10.1007/s00415-019-09472-0

Ely JW, Graber ML, Croskerry P. Checklists to reduce diagnostic errors. Acad
Med. (2011) 86:307-13. doi: 10.1097/ACM.0b013e31820824cd
Newman-Toker DE, Pronovost PJ. Diagnostic errors—the next frontier for
patient safety. JAMA. (2009) 301:1060-2. doi: 10.1001/jama.2009.249

Frontiers in Neurology | www.frontiersin.org

10

July 2021 | Volume 12 | Article 682827


https://doi.org/10.1161/STROKEAHA.114.007087
https://doi.org/10.1007/s00415-020-10134-9
https://doi.org/10.1111/j.1552-6569.2007.00174.x
https://doi.org/10.1159/000443618
https://doi.org/10.1007/s004150070089
https://doi.org/10.1016/S1474-4422(03)00621-5
https://doi.org/10.1007/PL00007845
https://doi.org/10.1007/s11936-011-0119-8
https://doi.org/10.1001/archneur.58.4.621
https://doi.org/10.1097/RCT.0000000000000095
https://doi.org/10.1038/srep08910
https://doi.org/10.1016/j.jstrokecerebrovasdis.2015.04.038
https://doi.org/10.1212/WNL.0000000000004120
https://doi.org/10.1002/jmri.21088
https://doi.org/10.1136/bmjqs-2012-001550
https://doi.org/10.1016/j.jen.2012.02.011
https://doi.org/10.1111/acem.13029
https://doi.org/10.1515/dx-2019-0019
https://doi.org/10.1212/WNL.0000000000001830
https://doi.org/10.1001/archinte.165.13.1493
https://doi.org/10.1001/archinternmed.2009.333
https://doi.org/10.1097/00001888-200308000-00003
https://doi.org/10.1002/ana.21907
https://doi.org/10.1515/dx-2018-0011
https://doi.org/10.1097/ACM.0b013e3181ace703
https://doi.org/10.5811/westjem.2020.7.47832
https://doi.org/10.1111/j.1747-4949.2009.00276.x
https://doi.org/10.1111/ijs.12252
https://doi.org/10.1097/PHH.0b013e3181c8cb79
https://doi.org/10.1111/j.1747-4949.2010.00428.x
https://doi.org/10.1161/STROKEAHA.116.015169
https://doi.org/10.1016/j.jstrokecerebrovasdis.2020.104821
https://doi.org/10.1111/ijs.12008
https://doi.org/10.1016/j.jstrokecerebrovasdis.2016.08.011
https://doi.org/10.1177/1747493018801108
https://doi.org/10.1161/STROKEAHA.119.026221
https://doi.org/10.1007/s00415-019-09472-0
https://doi.org/10.1097/ACM.0b013e31820824cd
https://doi.org/10.1001/jama.2009.249
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

Hoyer and Szabo

Emergency Department PCS Misdiagnosis

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

Newman-Toker DE. Missed stroke in acute vertigo and dizziness: it is time
for action, not debate. Ann Neurol. (2016) 79:27-31. doi: 10.1002/ana.24532
Edlow JA. Diagnosing dizziness: we are teaching the wrong paradigm
[editorial]. Acad Emerg Med. (2013) 20:1064. doi: 10.1111/acem.12234
Edlow JA. A new approach to the diagnosis of acute dizziness
in adult patients. Emerg Med Clin North Am. (2016) 34:717-42.
doi: 10.1016/j.emc.2016.06.004

Edlow JA, Gurley KL, Newman-Toker DE. A new diagnostic approach to
the adult patient with acute dizziness. ] Emerg Med. (2018) 54:469-83.
doi: 10.1016/j.jemermed.2017.12.024

Newman-Toker DE, Curthoys IS, Halmagyi GM. Diagnosing stroke in acute
vertigo: the HINTS family of eye movement tests and the future of the “Eye
ECG”. Semin Neurol. (2015) 35:506-21. doi: 10.1055/5-0035-1564298
Newman-Toker DE, Kerber KA, Hsieh YH, Pula JH, Omron R, Saber
Tehrani AS, et al. HINTS outperforms ABCD2 to screen for stroke in
acute continuous vertigo and dizziness. Acad Emerg Med. (2013) 20:986-96.
doi: 10.1111/acem.12223

Carmona S, Martinez C, Zalazar G, Moro M, Batuecas-Caletrio A,
Luis L, et al. The diagnostic accuracy of truncal ataxia and HINTS as
cardinal signs for acute vestibular syndrome. Front Neurol. (2016) 7:125.
doi: 10.3389/fneur.2016.00125

McDowell T, Moore F. The under-utilization of the head impulse test
in the emergency department. Can ] Neurol Sci. (2016) 43:398-401.
doi: 10.1017/¢jn.2015.330

Vanni S, Nazerian P, Casati C, Moroni E, Risso M, Ottaviani M, et al.
Can emergency physicians accurately and reliably assess acute vertigo
in the emergency department. Emerg Med Australas. (2015) 27:126-31.
doi: 10.1111/1742-6723.12372

Acute Video-Oculography for Vertigo in Emergency Rooms for Rapid Triage
(AVERT) trial.

Parker TM, Farrell N, Otero-Millan J, Kheradmand A, McClenney A,
Newman-Toker DE. Proof of concept for an “eyePhone” app to measure
video head impulses. Digit Biomark. (2021) 5:1-8. doi: 10.1159/0005
11287

Nam GS, Shin HJ, Kang JJ, Lee NR, Oh SY. Clinical implication of
corrective saccades in the video head impulse test for the diagnosis
of posterior inferior cerebellar artery infarction. Front Neurol. (2021)
12:605040. doi: 10.3389/fneur.2021.605040

Mohamed W, Bhattacharya P, Chaturvedi S. Early access to a neurologist
reduces the rate of missed diagnosis in young strokes. J Stroke Cerebrovasc
Dis. (2013) 22:¢332-7. doi: 10.1016/j.jstrokecerebrovasdis.2013.01.013
Wechsler LR, Demaerschalk BM, Schwamm LH, Adeoye OM, Audebert
HJ, Fanale CV, et al. Telemedicine quality and outcomes in stroke:
a scientific statement for healthcare professionals from the American
Heart Association/American Stroke Association. Stroke. (2017) 48:e3-25.
doi: 10.1161/STR.00000000000001 14

Miiller-Barna P, Hubert ND, Bergner C, Schiitt-Becker N, Rambold
H, Haberl RL, et al. TeleVertigo: diagnosing stroke in acute
dizziness: a telemedicine-supported approach. Stroke. (2019) 50:3293.
doi: 10.1161/STROKEAHA.119.026505

Ahmadi SA, Vivar G, Navab N, Mohwald K, Maier A, Hadzhikolev H, et al.
Modern machine-learning can support diagnostic differentiation of central
and peripheral acute vestibular disorders. J Neurol. (2020) 267:143-52.
doi: 10.1007/s00415-020-09931-z

Chari DA, Wu M]J, Crowson MG, Kozin ED, Rauch SD. Telemedicine
algorithm for the management of dizzy patients. Otolaryngol Head Neck Surg.
(2020) 163:857-9. doi: 10.1177/0194599820935859

Green KE, Pogson JM, Otero-Millan ], Gold DR, Tevzadze N, Saber Tehrani
AS, et al. Opinion and special articles: remote evaluation of acute vertigo:
strategies and technological considerations. Neurology. (2021) 96:34-8.
doi: 10.1212/WNL.0000000000010980

Bedi PS, Koch KJ, Lewis PB, Singh VK. The value of coronal DWI
in brainstem stroke diagnosis. Clin Case Rep. (2020) 8:1309-10.
doi: 10.1002/ccr3.2847

Lettau M, Laible M. 3-T high-b-value diffusion-weighted MR imaging of
hyperacute ischemic stroke in the vertebrobasilar territory. | Neuroradiol.
(2012) 39:243-53. doi: 10.1016/j.neurad.2011.09.005

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

Simonsen CZ, Madsen MH, Schmitz ML, Mikkelsen IK, Fisher M,
Andersen G. Sensitivity of diffusion- and perfusion-weighted imaging
for diagnosing acute ischemic stroke is 97.5%. Stroke. (2015) 46:98-101.
doi: 10.1161/STROKEAHA.114.007107

Martinez G, Katz JM, Pandya A, Wang JJ, Boltyenkov A, Malhotra A, et al.
Cost-effectiveness study of initial imaging selection in acute ischemic stroke
care. ] Am Coll Radiol. (2021) 18:820-33. doi: 10.1016/j.jacr.2020.12.013
Perloff MD, Patel NS, Kase CS, Oza AU, Voetsch B, Romero JR. Cerebellar
stroke presenting with isolated dizziness: Brain MRI in 136 patients. Am |
Emerg Med. (2017) 35:1724-9. doi: 10.1016/j.ajem.2017.06.034

Goyal MS, Hoff BG, Williams J, Khoury N, Wiesechan R, Heitsch L,
et al. Streamlined hyperacute magnetic resonance imaging protocol
identifies tissue-type plasminogen activator-eligible stroke patients
when clinical impression is stroke mimic. Stroke. (2016) 47:1012-7.
doi: 10.1161/STROKEAHA.115.011913

Wolf ME, Szabo K, Griebe M, Forster A, Gass A, Hennerici MG, et al. Clinical
and MRI characteristics of acute migrainous infarction. Neurology. (2011)
76:1911-7. doi: 10.1212/WNL.0b013e31821d74d5

Machner B, Choi JH, Trillenberg P, Heide W, Helmchen C. Risk of
acute brain lesions in dizzy patients presenting to the emergency room:
who needs imaging and who does not. J Neurol (2020) 267:126-35.
doi: 10.1007/500415-020-09909-x

Jauch EC, Saver JL, Adams HP, Bruno A, Connors JJ, Demaerschalk
BM, et al. Guidelines for the early management of patients with acute
ischemic stroke: a guideline for healthcare professionals from the American
Heart Association/American Stroke Association. Stroke. (2013) 44:870-947.
doi: 10.1161/STR.0b013e318284056a

Thomalla G, Gerloff C. Acute imaging for evidence-based
treatment of ischemic stroke. Curr Opin Neurol. (2019) 32:521-9.
doi: 10.1097/WC0.0000000000000716

Bersano A, Kraemer M, Touzé E, Weber R, Alamowitch S, Sibon I,
et al. Stroke care during the COVID-19 pandemic: experience from
three large European countries. Eur ] Neurol. (2020) 27:1794-800.
doi: 10.1111/ene.14375

Hoyer C, Ebert A, Huttner HB, Puetz V, Kallmiinzer B, Barlinn K, et al. Acute
stroke in times of the COVID-19 pandemic: a multicenter study. Stroke.
(2020) 51:2224-7. doi: 10.1161/STROKEAHA.120.030395

Mariet AS, Giroud M, Benzenine E, Cottenet J, Roussot A, Aho-Glélé LS,
et al. Hospitalizations for stroke in france during the COVID-19 pandemic
before, during, and after the national lockdown. Stroke. (2021) 52:1362-9.
doi: 10.1161/STROKEAHA.120.032312

Leira EC, Russman AN, Biller J, Brown DL, Bushnell CD, Caso
V, et al. Preserving stroke care during the COVID-19 pandemic:
potential ~issues and solutions.  Neurology. (2020)  95:124-33.
doi: 10.1212/WNL.0000000000009713

Grossman SN, Han SC, Balcer L], Kurzweil A, Weinberg H,
Galetta SL, et al. Rapid implementation of virtual neurology in
response to the COVID-19 pandemic. Neurology. (2020) 94:1077-87.
doi: 10.1212/WNL.0000000000009677

Kummer BR, Sweetnam C, Vickrey BG, Naasan G, Harvey D, Gallagher
K, et al. Teleneurology expansion in response to the COVID-19 outbreak
at a tertiary health system in New York City. Neurol Clin Pract. (2021)
11:¢102-11. doi: 10.1212/CPJ.0000000000001057

Thaller M, Hughes T. Inter-rater agreement of
and elicitable neurological signs. Clin Med. (2014)
doi: 10.7861/clinmedicine.14-3-264

observable
14:264-7.

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Hoyer and Szabo. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is permitted, provided the original
author(s) and the copyright owner(s) are credited and that the original publication
in this journal is cited, in accordance with accepted academic practice. No use,
distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Neurology | www.frontiersin.org

July 2021 | Volume 12 | Article 682827


https://doi.org/10.1002/ana.24532
https://doi.org/10.1111/acem.12234
https://doi.org/10.1016/j.emc.2016.06.004
https://doi.org/10.1016/j.jemermed.2017.12.024
https://doi.org/10.1055/s-0035-1564298
https://doi.org/10.1111/acem.12223
https://doi.org/10.3389/fneur.2016.00125
https://doi.org/10.1017/cjn.2015.330
https://doi.org/10.1111/1742-6723.12372
https://doi.org/10.1159/000511287
https://doi.org/10.3389/fneur.2021.605040
https://doi.org/10.1016/j.jstrokecerebrovasdis.2013.01.013
https://doi.org/10.1161/STR.0000000000000114
https://doi.org/10.1161/STROKEAHA.119.026505
https://doi.org/10.1007/s00415-020-09931-z
https://doi.org/10.1177/0194599820935859
https://doi.org/10.1212/WNL.0000000000010980
https://doi.org/10.1002/ccr3.2847
https://doi.org/10.1016/j.neurad.2011.09.005
https://doi.org/10.1161/STROKEAHA.114.007107
https://doi.org/10.1016/j.jacr.2020.12.013
https://doi.org/10.1016/j.ajem.2017.06.034
https://doi.org/10.1161/STROKEAHA.115.011913
https://doi.org/10.1212/WNL.0b013e31821d74d5
https://doi.org/10.1007/s00415-020-09909-x
https://doi.org/10.1161/STR.0b013e318284056a
https://doi.org/10.1097/WCO.0000000000000716
https://doi.org/10.1111/ene.14375
https://doi.org/10.1161/STROKEAHA.120.030395
https://doi.org/10.1161/STROKEAHA.120.032312
https://doi.org/10.1212/WNL.0000000000009713
https://doi.org/10.1212/WNL.0000000000009677
https://doi.org/10.1212/CPJ.0000000000001057
https://doi.org/10.7861/clinmedicine.14-3-264
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

	Pitfalls in the Diagnosis of Posterior Circulation Stroke in the Emergency Setting
	Introduction
	Why PCS Poses a Challenge to Correct Diagnosis
	Differences in Vascular Anatomy and Susceptibility to Pathology
	Atypical Presentation as an Obstacle to Pre- and Early Intrahospital Symptom Awareness and Recognition
	Lower Awareness for PCS Signs and Symptoms
	Shortcomings of Pre- and Early Intrahospital Scales and Tools

	The Risk of False-Negative Neuroimaging of the Posterior Fossa

	Diagnostic Error in the Emergency Context
	Approaches to Solving the Problem of PSC Misdiagnosis
	Improving Symptom Recognition Prehospitally and During Triage
	Strategies to Improve Diagnostic Yield in ED Clinical Assessment and Imaging
	Challenges and Opportunities for PCS Diagnostic Accuracy in the Context of the Coronavirus Disease 2019 (COVID-19) Pandemic

	Discussion
	Author Contributions
	Funding
	References


