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ABSTRACT

Introduction. Early and correct suspicion of an acute cerebrovascular accident (CVA) is necessary to minimise the time to reper-
fusion treatment. Our aim was to evaluate the reliability of a prehospital diagnosis of stroke or transient ischaemic attack made 
by healthcare professionals referring patients directly to a neurological Emergency Department (ED).

Material and methods. This retrospective analysis included all consecutive patients referred between 1 January and 31 
December 2014 by ambulance physicians, paramedics or outpatient physicians to the neurological ED providing care for the 
300–350,000 inhabitants of a highly urbanised area. We calculated sensitivity and positive predictive value (PPV) with 95% 
confidence intervals (95% CI) for each group of healthcare professionals, and compared the proportions of undetected CVAs.

Results. Of 802 patients referred with a prehospital diagnosis of CVA, 544 were confirmed. Additional 95 CVA cases were refer-
red with a diagnosis other than CVA. The highest sensitivity for detection of any CVA was among ambulance physicians (96%; 
95% CI 92–98%), followed by paramedics (85%; 95% CI 80–90%; p < 0.001) and outpatient physicians (74%; 95% CI 70–79%;  
p < 0.001). PPV for stroke was 83% (95% CI 77–87%) among ambulance physicians, 73% (95% CI 65–80%) among paramedics, 
and 56% (95% CI 47–64%) among outpatient physicians. 

Conclusions. Ambulance physicians are highly sensitive in diagnosing any CVA, and are correct in 8 out of 10 cases. The infe-
rior performance of paramedics and outpatient physicians indicates the need for regular stroke training for paramedics and 
the implementation of two-way communication with the stroke team to identify potential candidates for reperfusion therapy 
before arrival at the ED.

Key words: acute stroke, transient ischaemic attack, emergency medical services, paramedics, misdiagnosis, prehospital  
diagnosis
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Introduction

Acute stroke care is highly oriented on time-sensitive 
reperfusion therapies. It requires continuous optimisation of 
treatment logistics to achieve the shortest possible door-to-
needle or door-to-groin time [1]. Such an approach exerts 
additional pressure on the Emergency Department (ED) 
personnel, especially on the neurologist who qualifies the 
patients for thrombolysis or thrombectomy [1, 2]. 

Not all patients initially suspected of an acute cerebrovas-
cular accident (CVA) actually suffer from stroke or transient 
ischaemic attack (TIA). A large proportion of conditions 
mimicking CVA are non-neurological [2–8]. Studies have 
shown that stroke mimics may account for even half of all 
suspected strokes [2–8].

Failure to identify stroke mimics by members of the 
Emergency Medical Services (EMS) may lead to suboptimal 
use of specialist stroke services and inappropriate treatment, 
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including intravenous thrombolysis. On the other hand, 
missed diagnoses of stroke may result in delayed admission 
and delayed or denied reperfusion therapy. Both these scenari-
os can have legal consequences, as in recent years the attention 
paid to medical errors has clearly increased [2–4].

An incorrect initial diagnosis of stroke or transient ischae-
mic attack (TIA) can be made in the Emergency Department 
(ED) or during a hospital stay in a non-neurological ward [9, 
10]. However, in terms of the early diagnostic and therapeutic 
process, the most important is the suspicion of acute CVA 
raised by healthcare professionals who refer patients to the 
hospital [2–4]. Therefore, it is vital to know to what extent the 
ED physician can rely on the prehospital diagnosis of stroke or 
TIA. Patients with acute and evident focal deficits in developed 
healthcare systems are unlikely to wait for an appointment 
with an outpatient clinic [11]. 

It also seems important to account for specific features of 
the EMS, especially the involvement of ambulance physicians. 
In Poland, if the EMS suspects a stroke, the patient is imme-
diately transported to the nearest hospital with a stroke unit 
[12]. The ambulance may be staffed with either a physician 
or a paramedic.

The aim of our study was to evaluate the reliability of 
prehospital diagnosis of stroke or TIA made by healthcare 
professionals referring patients directly to a neurological ED.

Material and methods

This is a retrospective analysis of all available paper and 
electronic medical records of consecutive patients who report-
ed to our neurological ED between 1 January and 31 December 
2014. We identified all cases with a prehospital diagnosis of 
acute CVA (defined as stroke or TIA) and the final diagnosis 
of CVA. Patients who reported without any formal referral 
from a healthcare professional were excluded. 

Our hospital provides regular neurological and com-
prehensive stroke care for c.325,000 inhabitants of a highly 
urbanised area of Poland (i.e. the southern part of Warsaw 
plus neighbouring towns). The hospital comprises two neuro-
logical wards with stroke units, interventional neuroradiology, 
neurosurgery, and several psychiatric wards. Stroke units are 
embedded in neurological wards. The ED is staffed 24/7 with 
either a senior neurologist or a neurologist in training, both of 
whom are experienced in treating stroke. Patients admitted to 
the ED are (i) transported directly by ambulance staffed with 
either a physician or a paramedic; or (ii) report by themselves 
with a referral letter from a non-ambulance physician (mostly 
family medicine specialists or internal medicine specialists); 
or (iii) report by themselves without any formal referral. Brain 
computed tomography, brain magnetic resonance imaging, 
computed tomography-angiography, and a wide range of blood 
tests are easily available at the ED. The need for advanced di-
agnostics at the ED to exclude an acute neurological condition 
does not imply subsequent admission to the neurological ward.

Data was extracted using a predefined form that includ-
ed information about the patient’s gender, age, the type of 
referring entity (i.e. ambulance physicians or paramedics or 
non-ambulance physicians), prehospital diagnosis (stroke or 
transient ischaemic attack or syndrome description highly 
suggestive of CVA), history of prior stroke, history of seizures, 
diagnostic workup undertaken at the ED (brain imaging, 
blood test), final diagnosis, and the decision about admission 
to the hospital or further referral of patients discharged from 
the ED [8].

This study complies with the Declaration of Helsinki and 
was approved by the local Ethics Committee. 

This paper follows the Strengthening the Reporting of 
Observational Studies in Epidemiology (STROBE) State-
ment [13]. 

Statistical analysis
Categorical variables are presented as a number of valid 

observations and proportions calculated with exclusion of 
unknown values from the denominator. 

The distribution of final diagnoses (stroke/TIA/CVA 
mimic) in each group of referring healthcare professionals 
were compared using a chi square test. Pairwise comparisons 
were preceded by the overall test for significance.

Sensitivity and positive predictive value (PPV) with 95% 
confidence intervals (95% CI) were calculated separately for 
each group of healthcare professionals. Sensitivity was defined 
as the percentage of patients referred to neurological ED with 
a prehospital suspicion of stroke or TIA among those with 
a final diagnosis of CVA. PPV was defined as the percentage 
of patients with a final diagnosis of CVA among those who 
were referred to neurological ED with a prehospital suspicion 
of stroke or TIA. Considering the usefulness of prehospital 
diagnosis for urgent screening of modifiable risk factors and 
implementation of secondary preventive measures, special 
emphasis was placed on sensitivity for detection of any CVA. 
Considering implications for fast track reperfusion therapy, 
the emphasis was placed on PPV for stroke.

P values of < 0.05 were considered statistically signifi-
cant. Calculations were carried out using Dell STATISTICA 
13.0 software package (Dell, Round Rock, TX, USA).

Results

During the study period, there were 1,808 emergency 
neurological admissions, including 690 patients with con-
firmed CVAs, of whom 639 presented to the ED with formal 
referrals from healthcare professionals (Fig. 1). The prehospital 
diagnosis of CVA was correct in 544 of 802 suspected cases 
(68%). In addition, 95 patients with the final diagnosis of 
CVA were referred to the ED suspected of a condition other 
than CVA (Fig. 1).

Conditions most frequently incorrectly suspected of 
CVA included vertigo (14%), headache (10%), seizures (7%), 
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very high blood pressure (7%), brain tumour (7%), sequel of 
previous cerebral infarction (5%) and metabolic or electrolyte 
disturbances 5%) (Tab. 1).

The distribution of final diagnoses (stroke/TIA/CVA 
mimic) if any CVA was suspected favoured paramedics over 
non-ambulance physicians (Tab. 2). In patients suspected 
particularly of stroke, ambulance physicians performed sig-
nificantly better than paramedics, and paramedics performed 
significantly better than non-ambulance physicians (Tab. 2). 

Sensitivity and PPV of the prehospital diagnosis of any 
CVA for the detection of any CVA was 96% and 78% for 
ambulance physicians, 85% and 72% for paramedics, whilst 
only 74% and 54% for non-ambulance physicians (Tab. 3). 
Sensitivity and PPV of the prehospital diagnosis of stroke for 
the detection of any CVA was 95% and 84%, 82% and 78%, 
and 65% and 63%, respectively (Tab. 3). Sensitivity and PPV of 
the prehospital diagnosis of stroke for the detection of actual 
stroke was 94% and 78%, 78% and 60%, and 58% and 48% 
respectively (Tab. 3).

Discussion

The symptoms of stroke can resolve within minutes after 
the first medical contact, and patients initially labelled as stroke 
can turn out to have a TIA. It is also possible that minor or 
fluctuating symptoms will not be detected by ambulance staff 
and a minor stroke will be labelled as TIA. Therefore it seems 
reasonable to treat both suspected stroke and suspected TIA 
as a neurological emergency called CVA [5]. 

This large observational study reports the reliability of 
a prehospital diagnosis of stroke or TIA made by healthcare 
professionals acting in prehospital settings. The study gives 
the unique opportunity to directly compare the performance 
of ambulance physicians to that of paramedics, these being 

Figure 1. Structure of study population. ED — Emergency Department; TIA — transient ischaemic attack

All admissions
(n = 3,608)

Patients referred with prehospital
suspicion of stroke or TIA

(n = 802)

Planned admissions
(n = 1,800)

Emergency admissions
(n = 1,808)

Stroke or TIA in
patients reporting to
ED without referral

(n = 31 + 20)

Final diagnosis
of stroke or TIA

(n = 544)

Final diagnosis of stroke or TIA
in patients who were referred
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directly to neurological ED
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Table 1. Conditions most frequently misdiagnosed as CVA in prehospital setting

N
Percentage of all CVA 

mimics (n = 258)

Vertigo 36 14.0%

Headache 25 9.7%

Seizures 18 7.0%

Very high blood pressure 18 7.0%

Brain tumour 17 6.6%

Sequel of previous cerebral 
infarction

14 5.4%

Metabolic and electrolyte 
disturbances

14 5.4%

Bell‘s palsy 13 5.0%

Infections 12 4.7%

Syncope 11 4.3%

Cardiac condition 6 2.3%

Alcohol abuse 5 1.9%

Other neurological condition 48 18.6%

Other non-neurological 
condition

21 8.1%

CVA — cerebrovascular accident
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the two major groups responsible for bringing in candidates 
for reperfusion therapy. 

Most modern emergency systems are based on paramed-
ics. They are considered sufficiently sensitive and specific in 
identifying patients with life threatening conditions, but there 
is a notable heterogeneity between studies and a wide range 
of estimates [14]. In the past, all ambulances in Poland used 
to have a physician on board. The system was reorganized in 
2010 and currently consists of (i) specialist ambulances for 
potentially life-threatening responses staffed with a physician, 
a paramedic or a specialised nurse and a driver, and (ii) basic 
ambulances staffed with a paramedic or a specialised nurse and 
a paramedic driver. Since 2010, the system has been constantly 
shifting towards a model based mostly on paramedics. In 2020, 
343 specialist ambulances and 1,238 basic ambulances oper-
ated in the area [15]. However, at the time of the study (2014) 
a large proportion of ambulances still had a physician on board. 

Despite differences between previous studies, it may be 
assumed that overall PPV for initially suspected stroke ap-
proaches 75% [3, 7], and ranges from 13% to 73% for TIA [16]. 

However, if the patient is being referred from a nursing home, 
the PPV for stroke may be more than two-fold lower [17] 

In previous studies, ambulance physicians were reported to 
detect stroke with PPV of 67% to 83% [18]. The performance 
of ambulance paramedics and ambulance nurses seemed 
inferior, with PPV of 43% to 69% [19–25]. Our study directly 
confirms that ambulance physicians tend to recognise any CVA 
better than paramedics, and that they are significantly better 
at recognising acute stroke. 

The observed low performance of non-ambulance physi-
cians (mostly family medicine specialists and internal med-
icine specialists) appears similar to what has been observed 
in other countries, and in our catchment area a few years 
ago [5, 7]. This gap between EMS teams and non-ambulance 
physicians probably reflects the inconsistent profile of patients 
seeking outpatient help. Inappropriate referrals from family 
physicians consume resources, but they are unlikely to impair 
the management and outcome of individual patients. 

It seems more important to ensure that ambulance para-
medics are properly trained, and regularly retrained, in basic 

Table 2. Final diagnoses depending on referring entity and type of condition suspected in prehospital setting

 Ambulance  
physicians (1)

Ambulance  
paramedics (2)

Non-ambulance  
physicians (3)

Overall p Pairwise  
differences

Final diagnosis among patients suspected of TIA 

Stroke, n/N (%) 13/57 (22.8) 17/53 (32.1) 13/99 (13.1) 0.040 2v3

TIA, n/N (%) 19/57 (33.3) 15/53 (28.3) 28/99 (28.3)

CVA mimic, n/N (%) 24/57 (42.1) 21/53 (39.6) 58/99 (59.6)

Final diagnosis among patients suspected of stroke

Stroke, n/N (%) 169/216 (78.2) 108/180 (60.0) 76/160 (47.5) < 0.001 1v2, 1v3, 2v3

TIA, n/N (%) 12/216 (5.6) 33/180 (18.3) 24/160 (15.0)

CVA mimic, n/N (%) 35/216 (16.2) 39/180 (21.7) 60/160 (37.5)

Final diagnosis among patients with syndrome description highly suggestive of CVA

Stroke, n/N (%) 1/3 (33.3) 1/10 (10.0) 7/24 (29.2) 0.672

TIA, n/N (%) 0/3 (0.0) 2/10 (20.0) 5/24 (20.8)

CVA mimic, n/N (%) 2/3 (66.7) 7/10 (70.0) 12/24 (50.0)

CVA — cerebrovascular accident; TIA — transient ischaemic attack

Table 3. Reliability of prehospital diagnosis of stroke or TIA depending on referring entity, with 95% confidence intervals

 Ambulance physicians Ambulance paramedics Non-ambulance physicians

Suspected any CVA → confirmed stroke or TIA

Sensitivity 96% (92–98%) 85% (80–90%) 74% (68–80%)

PPV 78% (72–82%) 72% (66–78%) 54% (49–61%)

Suspected stroke → confirmed stroke or TIA

Sensitivity 95% (90–97%) 82% (76–88%) 65% (56–72%)

PPV 84% (78–88%) 78% (71–84%) 63% (54–70%)

Suspected stroke → confirmed stroke

Sensitivity 94% (90–97%) 78% (70–85%) 58% (49–66%)

PPV 78% (72–83%) 60% (52–67%) 48% (40–56%)

CVA — cerebrovascular accident; PPV — positive predictive value; TIA — transient ischaemic attack
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stroke medicine [26, 27]. The evidence supports brief online 
stroke-related educational interventions for paramedics. Un-
fortunately, providing case-by-case feedback does not seem 
enough to sustain the intervention’s effects for longer than 
three months [28, 29]. Initial oversensitivity is actually desired 
and the EMS team should be particularly cautious before 
discarding on scene the dispatcher’s impression of stroke or 
TIA [21, 27, 30]. In the optimal scenario, each case initially 
labelled by the EMS as acute CVA should be teleconsulted 
with a stroke neurologist to avoid unnecessary activation of 
code stroke [31]. Good telephone communication between 
the EMS and the stroke centre does not imply longer on-scene 
times [32]. This would allow the reallocation of some resources 
to the subgroup of potential candidates for thrombolysis or 
thrombectomy [23]. 

Several clinical scales have been developed to help para-
medics or other emergency clinicians recognise acute stroke. 
None is clearly superior, but considering the amount and 
consistency of supporting evidence it may be reasonable to 
prefer the Cincinnati Prehospital Stroke Scale in the prehos-
pital setting, and the Recognition of Stroke in the Emergency 
Room Scale at the ED [33, 34]. There are also a few simple 
clinical scales designed to identify stroke patients with large 
vessel occlusion. Those patients may potentially benefit from 
direct transport to a thrombectomy centre, bypassing the 
nearest stroke-ready hospital at the cost of delaying initiation 
of thrombolysis. It is probably a matter of time, but current 
evidence is insufficient to support their widespread imple-
mentation [33, 35, 36]

In our study period, none of the non-stroke patients was 
given alteplase, which illustrates that in our hospital such cases 
are quite infrequent. However, in some centres the proportion 
of stroke mimics among patients treated with thrombolysis 
may exceed 10% [3, 37, 38].

Study limitations
Our study has several limitations. Being a retrospective 

analysis of consecutive cases, it relies on standard source med-
ical documentation. To maximise the chances of capturing all 
relevant information, both electronic and paper records were 
searched. It should be noted that our findings may be biased 
towards the better performance of prehospital services. In 
multi-profile hospitals, the proportion of undetected CVA may 
be higher as well as the tendency to overuse the CVA label to 
justify delivering a patient with unclear symptoms. 

Considering the standard operating procedures of the 
Polish EMS, we may safely presume that the great majority 
of patients from our catchment area who were suspected of 
stroke were actually brought into our ED. It may be that the 
ambulance dispatchers tended to send out physicians to more 
severe cases which were more likely to be genuine strokes. 
However, the suboptimal performance of paramedics was also 
revealed in previous studies [19–25]. 

Conclusions 

Sensitivity in diagnosing any CVA in the prehospital set-
ting appears high for ambulance physicians and quite high for 
ambulance paramedics. The significantly lower sensitivity of 
non-ambulance physicians is less relevant, as the great majority 
of patients who report to the hospital in the hyperacute phase 
of a stroke or TIA call for an ambulance. 

The ability to correctly suspect stroke on scene, and 
therefore deliver a clear candidate for reperfusion therapy, is 
modest. Prehospital diagnosis of stroke was correct in 8 out 
of 10 referrals from ambulance physicians but in only 6 out of 
10 referrals from paramedics. Our findings indicate the need 
for additional systematic stroke-oriented training for family 
physicians and, more importantly, for paramedics. At the same 
time, widespread implementation of two-way communication 
between the EMS and stroke neurologists would allow the 
avoidance of unnecessary triggering of reperfusion fast track 
procedures at the ED. 
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