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Abstract

Introduction: Time to treatment is the key factor in stroke care. Although
the initial medical assessment is usually made by a non-neurologist or
a paramedic, it should ensure correct identification of all acute cerebrovas-
cular accidents (CVAs). Our aim was to evaluate the accuracy of the physi-
cian-made prehospital diagnosis of acute CVA in patients referred directly
to the neurological emergency department (ED), and to identify conditions
mimicking CVAs.

Material and methods: This observational study included consecutive pa-
tients referred to our neurological ED by emergency physicians with
a suspicion of CVA (acute stroke, transient ischemic attack (TIA) or a syn-
drome-based diagnosis) during 12 months. Referrals were considered cor-
rect if the prehospital diagnosis of CVA proved to be stroke or TIA.

Results: The prehospital diagnosis of CVA was correct in 360 of 570 cas-
es. Its positive predictive value ranged from 100% for the syndrome-based
diagnosis, through 70% for stroke, to 34% for TIA. Misdiagnoses were less
frequent among ambulance physicians compared to primary care and out-
patient physicians (33% vs. 52%, p < 0.001). The most frequent mimics were
vertigo (19%), electrolyte and metabolic disturbances (12%), seizures (11%),
cardiovascular disorders (10%), blood hypertension (8%) and brain tumors
(5%). Additionally, 6% of all admitted CVA cases were referred with prehos-
pital diagnoses other than CVA.

Conclusions: Emergency physicians appear to be sensitive in diagnosing
CVAs but their overall accuracy does not seem high. They tend to overuse
the diagnosis of TIA. Constant education and adoption of stroke screening
scales may be beneficial for emergency care systems based both on physi-
cians and on paramedics.

Key words: stroke, transient ischemic attack, emergency medical services,
prehospital management, misdiagnosis.

Introduction

Time to treatment is a key factor for achieving a good outcome in pa-
tients suffering from acute cerebrovascular accidents (CVAs), especially
if they are to receive thrombolysis or thrombectomy [1-3]. Effective com-
munication between the prehospital emergency medical services (EMS)
and the emergency department (ED) may improve the door-to-needle
time [4]. It is also vital for strategies relying on a direct transfer of pa-
tients to comprehensive stroke centers, bypassing the ED of a local hos-
pital [5]. Therefore, EMS should be able not only to identify all potential
cases of stroke or transient ischemic attack (TIA), but also to differentiate
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CVAs from their frequent mimics [6, 7]. However,
the first-line medical assessment is usually done
in the prehospital setting by a paramedic or a phy-
sician who is not trained in neurology.

The aim of our study was to evaluate the accu-
racy of the prehospital diagnosis of an acute CVA
made by EMS physicians in a cohort of patients
referred directly to the neurological ED, and to
identify conditions that are incorrectly suspected
of being a stroke or a TIA.

Material and methods

Our neurological department with a stroke unit
provides inpatient and outpatient neurological
care for approximately 250 000 inhabitants of
a highly urbanized area (Warsaw, Poland). During
the study period the hospital profile was sole-
ly neuropsychiatric. Therefore, all patients pre-
senting at the ED were supposed to suffer from
either neurological or psychiatric conditions. Our
catchment area overlapped with the non-neuro-
logical catchment area of a few other multi-profile
hospitals. Patients could be referred to the ED by
EMS physicians, primary care physicians (PCPs),
and other specialists from outpatient clinics or
non-neurological EDs. They could also report to
the ED without any formal referral.

Neurological care in our ED was covered non-
stop by a designated physician. During regular
working hours it was a trainee neurologist with
direct access to the stroke specialist. During out-
of-office hours it was a trained neurologist. The
annual volume of patients seen in the neurological
ED is approximately 3000 and the number of con-
firmed strokes is approximately 300.

Patients referred to the hospital with a suspi-
cion of CVA (defined as a new stroke or TIA) were
given top priority and immediately qualified for
intravenous thrombolysis according to the Euro-
pean license for alteplase [8]. Routine brain im-
aging included plain computed tomography (CT).
Computed tomography angiography or magnetic
resonance imaging (MRI) was done only in select-
ed cases.

At the time of the study each emergency am-
bulance had a physician on board. The ambu-
lance physician was a specialist or a trainee in
one of the following: anesthesiology and inten-
sive care, internal medicine, surgery, traumatol-
ogy or pediatrics. He could administer necessary
medical treatment at the scene and decide if the
patient required transfer to a general ED or di-
rectly to a specialist ED. The prehospital diagno-
sis of stroke was based on his clinical judgment
and was not supported by any stroke screening
scales. Patients were not charged for the visit of
the EMS team, even if the calls were clearly un-
justified.

Study design

We analyzed the data of all consecutive adult
patients seen at our neurological ED during
a 12-month period (September 2006 — September
2007), who reported with a formal referral having
a physician-made prehospital diagnosis of stroke
or TIA. Referrals with a descriptive diagnosis
strongly suggestive of CVA (e.g. unilateral weak-
ness or aphasia of abrupt onset) were also clas-
sified as suspected CVA. The referrals were con-
sidered correct if the prehospital diagnosis of CVA
proved to be stroke or TIA at discharge from the
hospital. We additionally included patients with
referral diagnoses other than CVAs, who proved
to suffer from a stroke or TIA after proper neu-
rological assessment and brain imaging. Patients
who presented to the ED without any prehospital
referral were not included in the analysis.

The data about referrals were prospectively
collected on a daily basis by one of the authors
(M.G.) using a predefined questionnaire. Informa-
tion about stroke/TIA cases not suspected of CVA
by the referring physician were obtained from pa-
tients’ medical records. The study was conducted
in concordance with the Declaration of Helsinki.
Due to its observational design, we did not obtain
patients’ written consent for participation.

Statistical analysis

Statistical analysis included basic descriptive
and comparative statistics. Categorical variables
were presented as a ratio and compared with the
chi square test (or two-tailed Fisher’s exact test if
the expected value in at least one cell of a 2 x 2
contingency table was < 5). The accuracy of pre-
hospital diagnosis was expressed as the positive
predictive value (PPV) — the probability that a pa-
tient referred to the hospital as a CVA was con-
firmed to suffer from the CVA after proper neu-
rological assessment. Calculations were carried
out using Statistica 10.0 (StatSoft Inc., Tulsa, USA,
2011) and Confidence Interval Analysis (Universi-
ty of Southampton, Southampton, UK, 2009). Re-
sults were presented with 95% confidence inter-
vals (95% Cl). A value of p < 0.05 was considered
statistically significant.

Results

During the 12-month study period there were
570 referrals with a prehospital diagnosis of CVA
(Figure 1). Patients were most frequently suspect-
ed of stroke (60.9%) or TIA (28.2%). The remain-
ing 10.9% had a descriptive diagnosis classified as
CVA (e.g. unilateral weakness or aphasia of abrupt
onset) (Table I).

The prehospital diagnosis of CVA was correct
in 360 cases. Additionally, 22 patients referred as
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Figure 1. Structure of admissions to the department and referrals suspected of acute cerebrovascular accident

(CVA) during the study period

Table 1. Correct and incorrect prehospital diagnoses of acute cerebrovascular accidents (CVA) with the positive

predictive values (PPV) for CVA

Variable Confirmed CVA Non-confirmed CVA PPV (95% Cl)

Prehospital diagnosis of CVA: 360 of 570 210 of 570 63% (59-67)
Stroke, n (%) 243 (63.8) 104 (49.5) 70% (65-75)
TIA, n (%) 55 (14.4) 106 (50.5) 34% (27-42)
Descriptive diagnosis, n (%) 62 (16.3) 0 (0.0) 100% (94-100)

Patients not suspected of stroke or TIA by the referring physician but discharged with a diagnosis of stroke or TIA (n = 22) were not included

in the Table.

non-CVAs (mostly vertigo — 8 patients and head-
ache - 3 patients) proved to suffer from a stroke
or TIA. It gave a total of 382 final diagnoses of
CVAs, including ischemic stroke (75.9%), TIA
(13.6%) and hemorrhagic stroke (10.5%). Intrave-
nous thrombolysis was administered in 12.4% of
all ischemic strokes.

The overall PPV of the prehospital diagnosis
of CVA was 63%. It differed between particular
types of referrals, ranging from 100% for the syn-
drome-based diagnosis, through 70% for stroke,
to 34% for TIA (Table 1). The proportion of TIA
referrals was significantly (p < 0.001) higher in
patients incorrectly suspected of a CVA (50.5%)
compared to patients with confirmed CVA
(14.4%).

Patients incorrectly suspected of CVA had a me-
dian age of 73 years (IQR: 62-81) and were pre-
dominantly female (73.8%). The rate of incorrect
CVA referrals did not differ (p = 0.884) between
ambulance physicians (32.5%, 95% Cl: 28.0-
37.3%) and physicians from other EDs (33.3%,
95% Cl: 22.0-47.0). However, it was significantly

higher in the group of PCPs and other outpatient
specialists (51.6%, 95% Cl: 43.0-60.0, p < 0.001).

51.6% of patients incorrectly suspected of CVA
suffered from other neurological disorders (mostly
vertigo, seizures and brain tumor). In the remaining
48.4%, the disorders were non-neurological (mostly
electrolyte and metabolic disturbances, cardiovas-
cular disorders and hypertension). Patients incor-
rectly referred by emergency ambulance physicians
were significantly older and more frequently had
seizures in comparison to patients incorrectly re-
ferred by PCPs or other outpatient specialists. They
also more frequently required admission, especially
to the neurological ward (Table II).

Discussion

The final diagnosis of a stroke or TIA requires
a detailed neurological assessment and brain
imaging. Sometimes it is also necessary to have
a period of clinical observation. However, signs
and symptoms should be enough to make the
initial diagnosis of CVA. To our best knowledge,
this is the first prospective study addressing the
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Table 1. Conditions incorrectly diagnosed as an acute cerebrovascular accident (CVA) in the prehospital setting
including comparison between referrals from the emergency ambulance physicians and general practitioners or

other outpatient specialists

Parameter Overall Ambulance Outpatient Value of p
(n = 210) physicians physicians
(n=127) (n = 66)

Female gender, n (%) 134 (73.8) 83 (65.4) 40 (60.6) 0.515

Age, median (IQR) [years] 73 (62-81) 75 (67-81) 68 (58-79) 0.004

Neurological disorders suspected of CVA, n (%): 107 (51.0) 69 (54.3) 37 (56.1) 0.819
Vertigo 39 (18.6) 19 (15.0) 16 (4.2) 0.112
Seizure 24 (11.4) 22 (17.3) 1(1.5) 0.001
Brain tumor 11 (5.2) 6 (4.7) 5(7.6) 0.418
Headache 4(1.9) 3 (2.4) 1(1.5) 1.000*
Other 29 (13.8) 19 (15.0) 13 (19.7) 0.401

Non-neurological disorders suspected of CVA, n (%): 103 (49.0) 58 (45.7) 29 (43.9) 0.819
Electrolyte and metabolic disturbances 25 (11.9) 19 (15.0) 5 (7.6) 0.140
Cardiovascular disorders 21 (10.0) 14 (11.0) 7 (10.6) 0.930
Hypertension 17 (8.1) 8 (6.3) 7 (10.6) 0.289
Infections 9 (4.3) 7 (5.5) 1(1.5) 0.190
Other 31 (14.8) 10 (7.9) 9(13.6) 0.202

Subsequent admission of non-CVA, n (%): 112 (53.3) 84 (66.1) 24 (36.4) < 0.001
Neurological ward 52 (24.8) 39 (30.7) 10 (15.2) 0.019
Non-neurological ward 62 (29.5) 45 (35.4) 14 (21.2) 0.174

*Two-tailed Fisher’s exact test was used.

accuracy of prehospital diagnosis of CVA made by
emergency or outpatient physicians in a group of
patients referred directly to the neurological ED.
In many countries the regular ambulance staff
does not include a physician. Polish EMS have
also begun to evolve in this direction, but during
the study period all emergency ambulances had
a physician on board.

The decreasing trend for the time from stroke
onset to hospital arrival has not been sufficient-
ly matched by the reduction of in-hospital delays
[9]. From the EMS perspective, specificity is usually
not the key element in the chain of life. However,
in stroke reperfusion therapy, a higher proportion
of correct prehospital notifications would allow
optimization of the use of resources and facilitate
cooperation between EMS and stroke teams. In our
study, all CVA patients were successfully identified
by the neurologist at the ED. However, the initial
diagnosis of stroke made by non-neurological
ED staff may be incorrect in up to 30% of cases
[10, 11]. Patients with stroke mimics may receive
thrombolysis even in very experienced stroke cen-
ters. They account for up to 2% of all treated cases
[12], which is similar to the proportion of patients
treated despite international normalized ratio (INR)

> 1.7 or blood pressure > 185/110 mm Hg [13]. For-
tunately, stroke mimics are very unlikely to develop
hemorrhagic complications after thrombolysis [12].

According to previous reports, the proportion
of patients incorrectly suspected of stroke ranges
from 19% to 48%, depending on the study setting,
organization of the national emergency health
care system and applied methodology [6, 14, 15].
It concurs with our findings, showing that 37% of
patients were incorrectly suspected of CVA.

The diagnostic accuracy increases with the
number of typical stroke signs, especially acute
facial paresis, arm drift or abnormal speech [16].
Emergency calls reporting specifically stroke as
a major problem are very often correct [17], but
the overall PPV of dispatchers is usually below
60% [18-20]. Using an advanced medical priority
dispatch software to support the telephone, triage
significantly increases the negative predictive val-
ue (NPV), but does not improve the PPV [21]. On
scene, assessment by the paramedics can be fa-
cilitated by one of several stroke screening scales
[22-26]. These scales offer 60-90% sensitivity,
specificity, and NPV, while their PPV ranges from
40% to 88% [20, 22-28]. In our study, emergency
physicians were able to identify almost all CVAs,
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but their PPV seems relatively low. Even lower
consistency between the prehospital diagnosis of
CVA made by a physician and the discharge di-
agnosis was observed in Denmark [29]. We may
not exclude that stroke screening scales allow the
paramedics to match the PPV of emergency phy-
sicians [22, 23] and their adoption into everyday
practice would reduce the number of stroke mim-
ics. However, stroke screening scales are suitable
only for conscious patients, and their actual sensi-
tivity may be slightly overrated [30].

The initial diagnosis of TIA was reported to be
incorrect in up to 60% of cases, if made by an
ED non-neurologist or a general practitioner [21,
31-33]. The discrepancy between the PPV of pre-
hospital diagnosis of stroke (70%) and the prehos-
pital diagnosis of TIA (34%) found in our study may
reflect the attitude of the EMS physicians. They
probably tend to label less apparent cases as TIA
to justify the patient’s transfer to the neurologi-
cal ED instead of choosing a general ED. It may be
simply a combination of insufficient education and
the feeling that patient needs to be seen at the
hospital. However, it is also possible the EMS phy-
sicians prefer to start the hospital management
with exclusion of life-threatening conditions such
as stroke. Afterwards, the neurologist can always
decide if other specialists should be involved. From
the patient’s perspective such an approach may
seem acceptable, as the role of EMS is to identify
all cases requiring immediate in-hospital care. Be-
sides, 1 in 2 misdiagnosed patients suffered from
another neurological condition, and 1 in 4 required
admission to the neurological ward anyway, which
is in line with other studies [10, 14, 22].

In our cohort, patients incorrectly suspected
of CVA in the prehospital setting most frequent-
ly suffered from vertigo, seizures, electrolyte and
metabolic disturbances, and cardiovascular dis-
orders. Previous studies are not consistent in this
matter, but seizures appear to be the most fre-
quent misdiagnosis (9-28%) [10, 14, 22, 23, 34],
which partially concurs with our findings. Other
important conditions are infections (8-15%) [10,
14, 22, 23], brain tumors (4-10%) and electrolyte
and metabolic disturbances (5-12%) [10, 14, 22,
23, 34]. Interestingly, previous studies report a low
ratio of vertigo (2-6%), as well as a large variation
in the frequency of headaches (3-15%) [10, 14,
22, 23, 34] and peripheral pareses (2-10%) [14].
Cardiovascular (6-11%) and psychiatric disorders
(5-8%) are reported only in two studies [14, 22].
We found no psychiatric misdiagnoses, which is
in agreement with the latter. However, the ratio
of combined cardiovascular disorders and elevat-
ed blood pressure was relatively high (17.9%). As
mentioned before, this may be explained by the
need to justify referrals to the neurological ED for
patients with malaise and other non-specific com-

plaints, but without a relevant neurological defi-
cit. It is also important to note that the profile of
mimics referred by EMS was different than mimics
referred by PCP and other outpatient specialists,
favoring the accuracy of EMS. The higher rate of
seizures in ambulance referral has been previously
reported [22].

The analysis included only patients who arrived
at the neurological ED of a neuropsychiatric hospi-
tal. As a consequence, it was not possible to calcu-
late sensitivity and NPV of the emergency referrals
because we had no information about the total
number of dispatches and number of patients cor-
rectly diagnosed with non-CVAs. It is also possible
that some patients living in our neurological catch-
ment area were referred to another hospital as non-
CVAs, but actually proved to suffer from a stroke or
TIA. Therefore, to avoid bias we also refrained from
stating the specificity, which according to our data
may be approximated as not better than 94%.

However, due to the organization of the Polish
health care system during the study period, we
were able to collect a sample unbiased by the dis-
patcher’s decision about sending an ambulance
with a physician or with paramedics on board.

We used a combined discharge diagnosis of
a new stroke or TIA to verify the accuracy of differ-
ent prehospital diagnoses of CVA. This approach
was not fully diagnosis-specific, but allowed a re-
liable evaluation in terms of the necessity of the
referral.

In conclusion, Polish emergency physicians us-
ing clinical judgment for the pre-hospital diagnosis
of patients transferred directly to the neurological
ED miss only a small number of CVAs. However,
their ability to correctly identify CVA does not
seem high. They tend to overuse the prehospital
diagnosis of TIA, probably to justify the choice of
the neurological ED instead of a general ED in un-
certain cases. This emphasizes the necessity for
building stroke awareness in the EMS personnel
and adopting stroke screening scales to improve
the reliability of CVA referrals, both by physicians
and paramedics. On the other hand, the emer-
gency neurologist should remain vigilant, as from
time to time even a non-CVA referral may require
immediate cerebrovascular management.
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