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FOCUS ON PATIENT ASSESSMENT

AN INTERVENTIONAL STUDY TO IMPROVE PARAMEDIC DIAGNOSIS OF STROKE

Janet E. Bray, RN, Jenepher Martin, MD, Greg Cooper, ADHS, Bill Barger, ADHS,
Stephen Bernard, MD, Christopher Bladin, MD

ABSTRACT

Objective. The aim of the Faster Access to Stroke Ther-
apy (FAST) study was to determine the effect of educa-
tional intervention and the use of a prehospital stroke tool
on the paramedic diagnosis of stroke. Methods. Paramedics
in emergency medical service units servicing a university
teaching hospital were divided into two groups: FAST study
paramedics (n = 18) and non-FAST study paramedics (n = 43).
The FAST study paramedics received stroke education and
instruction in the use of a prehospital stroke assessment tool
[Melbourne Ambulance Stroke Screen (MASS)] to assist in
stroke diagnosis. Based on final hospital diagnosis, the sensi-
tivities of paramedic stroke diagnosis in the two groups were
compared for a 12-month period before and after the interven-
tion. Results. The sensitivity for the FAST study paramedics
in identifying stroke improved from 78% (95% confidence
interval [CI]: 63% to 88%) to 94% (95% CI: 86% to 98%)
(p = 0.006) after receiving the stroke education session and
with use of the MASS tool. There was no change in stroke
diagnosis for the non-study paramedics 78% (95% CI: 71%
to 84%) to 80% (95% CI: 72% to 87%) (p = 0.695). Prenotifica-
tion of impending arrival to the emergency department was
associated with higher-priority triage in the emergency de-
partment, and subsequent shorter times for door to medical
review (15 min vs. 31 min, p < 0.001) and door to computed
tomography (CT) scanning (94 min vs. 144 min, p < 0.001).
Conclusions. Targeted stroke education and the use of a sim-
ple clinical tool can significantly improve the diagnostic sensi-
tivity of stroke by paramedics in the prehospital setting. Accu-
rate diagnosis combined with prenotification of the pending
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Acute stroke management now begins in the prehos-
pital setting.1 The introduction of thrombolytic therapy
for stroke has resulted in a transition in stroke care from
supportive medical therapy to that of an acute medical
emergency. “Time is brain,” and the accurate prehospi-
tal identification of stroke patients is vital to the prompt
delivery of neurorestorative thrombolytic therapy and
supportive treatment.1,2

Paramedics are the first medical contact in 38%
to 70%3−6 of stroke patients. However, studies have
demonstrated that paramedics have inadequate levels
of stroke knowledge7 and identify only 61% to 72%8−10

of stroke patients. Results demonstrate that the pre-
hospital diagnosis of stroke by paramedics can be im-
proved by use of a standardized clinical examination
and medical history.11,12 These prehospital “stroke as-
sessment tools” are simple to perform and have been
validated in both hospital and community environ-
ments. No study has yet examined the combined ef-
fect of stroke education and the use of a stroke tool on
paramedic diagnosis in an Australian setting.

The Faster Access to Stroke Therapy (FAST) study
was designed to assess the effect of stroke education
and use of a standardized stroke assessment tool on
the paramedic diagnosis of stroke. It was hypothesized
that paramedics undergoing this intervention would
demonstrate a statistically significant improvement in
their diagnosis of stroke.

METHODS

Study Design and Setting

The design of this study was a prospective inter-
ventional cohort study. Paramedics work for the
Melbourne Metropolitan Ambulance Service, which
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serves 3.4 million people in a metropolitan region
in Australia. This service has a two-tiered response
(paramedic and intensive care paramedic) to emer-
gency calls in an area of approximately 10,000 square
kilometers. Paramedics are divided into units geo-
graphically located throughout the suburban city of
Melbourne. The FAST study was approved by both the
Eastern Health and the Metropolitan Ambulance Ser-
vice ethics committees.

Population

Paramedics (n = 61) were recruited from nine units in
the geographic area surrounding Box Hill Hospital
(BHH), a university teaching hospital and the primary
receiving hospital for these units. The paramedics were
examined for baseline stroke knowledge and ability to
diagnose stroke. Of these 61 paramedics, 18 paramedics
from one district unit were recruited to participate
as FAST study paramedics. This unit was selected as
paramedics were located at one site and were identified
as transporting approximately half of all stroke patients
admitted via ambulance to BHH in 2000.

Experimental Protocol

The FAST study paramedics were offered a one-hour
education session covering stroke etiology, symptoms,
risk factors, assessment, documentation of onset,
diagnosis, management, and use of the prehospital
stroke assessment tool. This session used a PowerPoint
presentation given by authors (CB and JEB). Two
paramedics were unable to attend this session and were
trained at a later date using the same presentation given
by the paramedic unit leader. The remaining 43 non-
study paramedics received no further contact apart
from initial testing.

All paramedics (n = 61) were asked to complete an
anonymous 29-question multiple-choice questionnaire,
assessing knowledge of etiology, signs and symptoms,
risk factors, diagnosis, and treatment of stroke. Ques-
tions were derived from multiple sources, including
published stroke knowledge tests.7,13 Prior to testing,
questions were reviewed by a panel of nursing and
medical experts for clarity, relevance, and usefulness.
The questions were then validated through testing of
emergency department (ED) consultants.

To standardize the prehospital assessment of stroke,
FAST study paramedics were instructed in the use of
the Melbourne Ambulance Stroke Screen (MASS) tool
to assist in the diagnosis of stroke. The MASS is a
combination of two validated prehospital stroke assess-
ment tools, the Los Angeles Prehospital Stroke Screen
(LAPSS)11 and the Cincinnati Prehospital Stroke Scale
(CPSS),12 and takes advantage of the differing strengths
of the two stroke assessment tools. CPSS has a greater
sensitivity to detect stroke patients, whereas LAPSS has

TABLE 1. Criteria for the Melbourne Ambulance Stroke
Screen (MASS)

History items
1. Age >45 years
2. No history of seizure or epilepsy
3. At baseline, patient is not wheelchair-bound or bedridden
4. Blood glucose level between 2.8 and 22.1 mmol/L

Motor items
5. Unilateral facial droop
6. Unilateral hand grip weakness
7. Unilateral arm drift
8. Abnormal speech

History items 1–4 must all be “yes” in the presence of at least one
motor item for MASS criteria to be met and stroke diagnosis given.

a greater specificity to exclude potential stroke mimics.
Criteria used in the MASS are given in Table 1. The
MASS tool has been prospectively validated with accu-
rate identification of stroke, in particular, patients suit-
able for thrombolytic therapy.14 FAST paramedics were
encouraged to prenotify the BHH ED for the pending
arrival of all stroke patients meeting MASS criteria with
an onset of less than six hours (a time chosen to allow
the use of thrombolytic therapy and recruitment into
stroke trials).

Medical records for all confirmed stroke or tran-
sient ischemic attack (TIA) patients admitted by am-
bulance to the hospital were retrospectively reviewed
for a 12-month period before undertaking the inter-
vention (January through December 2000, n = 212 pa-
tients) and for a 12-month period following the inter-
vention (September 2002 though August 2003, n = 210
patients). Discharge diagnosis is documented in medi-
cal histories and is made by senior medical staff. Data
extracted included patient data (demographics and
clinical) and paramedic data (team, diagnosis, preno-
tification, MASS, and time of onset documentation).

Analytical Methods

All data were entered into a Microsoft Access database
and analysed using Stata software (Version 6.0, Stata
Corp LP, College Station, TX). Scores from the stroke
questionnaire were given as percentages for the over-
all score and for individual correct answers, and were
compared between paramedics groups (study vs. non-
study) using Student’s t-test. Sensitivity and confi-
dence intervals (95% CIs) for paramedic stroke diag-
nosis were calculated by comparing the paramedic
diagnosis of stroke with the final hospital discharge
diagnosis. Sensitivities were compared first by study
paramedic groups (study vs. non-study) and second
only for study paramedics by completion of the MASS.
Data were compared using chi-square analysis. A post-
hoc analysis was performed to determine the effect of
paramedic prenotification on the ED triage code and
inhospital times (arrival to: medical review and com-
puted tomography (CT) scanning) using chi-square test
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and nonparametric Mann-Whitney rank test. A p-value
<0.05 was considered statistically significant.

RESULTS

Stroke Knowledge Questionnaire

Of 61 tests sent, 45 (74%) were returned (n = 13 FAST
study paramedics, n = 32 non-FAST study paramedics).
The majority of the paramedics (76%) reported no edu-
cational sessions or updates on stroke since initial train-
ing. The median years of paramedic experience was
6 years (range 1 to 27). The average score achieved was
73% (range 49% to 90%), with no statistical difference
in test scores between the FAST study and non-FAST
study paramedics (74% vs. 73%, p = 0.798). Questions
regarding general stroke knowledge, signs and symp-
toms, and stroke mimics were generally answered cor-
rectly. However, questions regarding treatment of is-
chemic stroke were often incorrect: only 24% identified
aspirin as beneficial, 29% identified tissue plasmino-
gen activator (t-PA) as the thrombolytic used in stroke,
and 40% knew that thrombolytic therapy must be com-
menced within three hours of onset. Only 47% were
able to correctly define “time of stroke onset.”

Paramedic Diagnosis

For the retrospective (January to December 2000) and
prospective (September 2002 to August 2003) periods
examined, 79% and 82% of all confirmed strokes were
admitted by ambulance, respectively, with 41.5% and
48% calling the emergency number within two hours
of onset. Patient characteristics are given in Table 2.

Documentation of the MASS stroke tool was com-
plete for 88% (73 of 83) of stroke patients admitted
by the FAST study paramedics. Sensitivity in identi-

TABLE 2. Characteristics of Patients Arriving via Ambulance

2000 2002
(n = 212) (n = 210)

Gender—female 127 (60%) 106 (50%)
Age—mean 79 years 78 years
Ischemic stroke 148 (70%) 155 (74%)
Hemorrhagic stroke 47 (22%) 30 (14%)
Transient ischemic attack 17 (8%) 25 (12%)
Received tissue plasminogen

activator
12 (5.7%)

Onset to emergency call
<1 hour 73 (34%) 87 (41%)
<2 hours 88 (41.5%) 100 (48%)
<3 hours 100 (47%) 107 (51%)

Prenotification 24 (11%) 53 (25%)
Priority triage code (1–2) 28 (13%) 92 (44%)
Arrival to medical review 43.5 (0–402) min 26 (0–355) min
Arrival to computed

tomography scan
187 (28–1538) min 127 (12–630) min

fying stroke improved from 78% (95% CI: 63% to 88%,
n = 45) to 94% (95% CI: 86% to 98%, n = 83) (p = 0.006)
for the FAST paramedics following education in stroke
and use of the MASS tool. Stroke diagnosis for the non-
FAST study paramedics did not change significantly,
78% (95% CI: 71% to 84%, n = 167) vs. 80% (95% CI: 72%
to 87%, n = 127) (p = 0.695). For the FAST paramedics,
the sensitivity of stroke diagnosis was greater when the
MASS tool was used compared with strokes for which
there was no documented assessment (97% vs. 70%,
p = 0.001).

Documentation of Stroke Onset

Documentation of the exact time of stroke onset sta-
tistically improved in the FAST paramedics, from 53%
to 82% (p = 0.001). Documentation in the non-FAST
study paramedics also improved over the time period
(36% to 49%, p = 0.001), but remained unacceptably
low.

Paramedic Prenotification

For the prospective phase of the FAST study, the ED
was prenotified of the pending arrival for 53 (25%)
of the 210 stroke patients admitted. Overall, prenoti-
fication was higher among the patients transported by
FAST paramedics (36% vs. 18%, p = 0.003); however,
this was given by FAST paramedics for only 45% (19
of 42) of patients meeting MASS criteria less than six
hours from onset. There was no statistical difference in
triage codes or inhospital times between the paramedic
groups, and due to the small number of patients with
prenotification (n = 53), the paramedic study groups
were pooled to examine the effect of prenotification on
hospital triage codes and inhospital times. Patients ar-
riving with prenotification were given a higher priority
by triage nurses (triage code 1–2 74% vs. 34%, p < 0.001)
and had shorter times for arrival to medical review (me-
dian, 15 min vs. 31 min, p < 0.001) and arrival to CT
scan (median, 94 min vs. 144 min, p < 0.001). The ef-
fect of prenotification on triage coding did not change
when examined separately by paramedic groups or in
acute patients (symptom onset less than three hours).
Also, there was no statistical difference between the
patients with and without prenotification for level of
consciousness (Glasgow Coma Scale, median 13.5 vs.
14, p = 0.085) or admission disability (modified Rankin
score, median 4 vs. 4, p = 0.539). Unfortunately, the
door-to-needle time could not be examined due to the
small numbers of patients who received thrombolytic
therapy for the study period (n = 12).

DISCUSSION

The FAST study is the first to examine the efficacy of
paramedic stroke education combined with the use of
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a prehospital stroke assessment tool. The results of this
study demonstrate that the sensitivity of paramedic di-
agnosis of stroke significantly improved to 94%, and
documentation of time of onset of stroke symptoms sig-
nificantly improved to 82%.

The FAST study, undertaken in an Australian popula-
tion, showed higher use of emergency medical services
(EMS) (79% in 2000, and 82% in 2002), than previous in-
ternational studies (38% to 70%).3−6 However, less than
half used this service in time to be considered for throm-
bolytic therapy. Patient use of EMS has been associated
with earlier hospital arrival and reduced in-hospital
delays.3,15,16 High utilization of EMS in Australia, com-
bined with public awareness campaigns and paramedic
stroke protocols, could potentially result in higher treat-
ment rates of thrombolytic therapy than those achieved
internationally.

Paramedic stroke care has evolved to include identifi-
cation of potential candidates for thrombolytic therapy,
with rapid transport and notification of pending arrival
to EDs. The stroke education of paramedics clearly re-
quires urgent review in light of these changes and must
stress the need to treat acute stroke as a medical emer-
gency.

Although the testing of paramedics occurred prior
to the licensing and widespread use of t-PA for stroke
in Australia, the results indicate where educational ef-
forts need to be directed. A number of studies have as-
sessed paramedic stroke knowledge in the form of writ-
ten questionnaires;7,11,17 however, little information is
given on the questions used and the subsequent re-
sponses. The results of the FAST study stroke question-
naire were similar to those of Crocco et al.,7 revealing
inadequate knowledge of current stroke treatments, in
particular thrombolytic therapy, and a lack of stroke
education since initial training.

Several interventional studies have attempted to
use educational sessions to improve the sensitivity of
paramedic stroke diagnosis.17,18 These studies showed
improvement in stroke diagnosis; however, method-
ologic issues resulted in the inability to attribute these
changes to the educational programs alone. Smith
et al.17 provided paramedics with four hours of stroke
education and found a significant improvement in
stroke diagnosis, from 61% to 91%. However, the con-
trol group, who received no education, also demon-
strated improved sensitivity (90%). The authors were
unable to distinguish whether this occurred as a result
of knowledge sharing between study paramedics and
non-study paramedics or due to some other external
factor. Zweifler et al.18 found no significant improve-
ment in paramedic diagnosis from a high initial sensi-
tivity (94% to 97%). However, issues with study design
(small patient numbers, no control group) and possi-
ble crossover of information (community stroke aware-
ness campaign prior to study) limit the value of these
results.

In the FAST study, the benefit of a stroke assessment
tool to improve paramedic diagnosis was highlighted
by a significant improvement in diagnostic sensitivity
for patients in whom the MASS was used. The sensi-
tivity achieved using the MASS tool is comparable to
that seen in validation studies of the LAPSS, CPSS, and
MASS stroke tools.11,12,14

Intravenous thrombolytic therapy for stroke must be
given within three hours of stroke onset. Early accurate
identification of the onset time of stroke symptoms is
therefore critical to proceeding with this therapy. How-
ever, the importance in obtaining an on-scene time of
stroke onset has often been overlooked in acute stroke
guidelines19−23 and in studies of EMS. Only two studies
were found to have examined exact documentation of
stroke onset; both examined inhospital documentation
and obtained rates of 46%6 and 62%.24 The results of
the paramedic stroke questionnaire confirm the need
to provide a detailed definition of “time of stroke on-
set.” For example, only 47% of paramedics were able
to correctly identify that when a patient wakes with
a new stroke, the time of onset is defined as the last
time the patient was seen to be normal (usually the
night before). The FAST study initially found exact doc-
umentation of stroke onset by paramedics in only half
of stroke patients; this increased to 82% by simply pro-
viding paramedics with a definition of onset and the
imperative of determining time of stroke onset prior to
thrombolytic therapy.

No study to date has examined the effect of hos-
pital prenotification on ED triage coding and inhos-
pital times. Prenotification is important for potential
candidates of thrombolytic therapy to assemble re-
sources and reduce delays for arrival. The Melbourne
Metropolitan Ambulance Service prenotification pro-
tocol at the time of this study allowed paramedics to
prenotify the EDs of the pending arrival of patients ac-
cording to “time-critical” guidelines. Stroke patients are
included in these guidelines; however, paramedics do
not appear to consider these patients “time-critical,”
as is evident in low prenotification numbers (11% in
2000). This was most likely to due the perceived lack of
need for emergency care for this patient group prior to
the use of thrombolytic therapy; however, this was not
measured in this study.

In this study, patients with prenotification were allo-
cated higher-priority triage classification (code 1 or 2) in
the ED, and subsequently were seen 16 minutes sooner
by medical staff and underwent CT scanning 50 min-
utes sooner than patients who were transported with no
prenotification. It is important to note that thrombolytic
therapy in stroke was commenced halfway through this
study (March 2003), so this effect may have been related
to the prioritizing of acute patients following introduc-
tion of this treatment. However, the statistical differ-
ences seen between prenotification and triage coding
did not change when examined separately for acute
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(less than three hours from onset) and non-acute stroke
patients, or before and after institution of thrombolytic
therapy. This is the first study to demonstrate the pri-
oritizing of stroke patients with prenotification signals.

LIMITATIONS

With emergency response systems and paramedic ed-
ucation varying both within and between countries,
the generalization of these results may be questioned.
Although baseline sensitivities of paramedic diagno-
sis of stroke and results from the stroke knowledge
questionnaire may differ between regions, the gen-
eral effect of the educational and stroke tool inter-
vention should not. The prehospital stroke tool is de-
signed to standardize stroke assessment and should
be universally applicable. Items contained within the
tool are easily taught and are well within the capabil-
ities of emergency-trained personnel. In fact, studies
have shown that items in the CPSS tool (facial droop,
arm drift, and abnormal speech) have been correctly
performed and communicated by laypersons over the
telephone.25,27

A further limitation of this study was the inability
to examine specificity of paramedic diagnosis. Stud-
ies have shown that paramedics tend to overdiagno-
sis stroke, with difficulties distinguishing stroke from
mimics such as hypoglycemias, seizures, drug intox-
ication, or syncope.8,9 The inability to accurately di-
agnose stroke can lead to the inefficient use of medi-
cal/nursing staff and other resources in the ED. This
study did not examine paramedic diagnosis of stroke
in non-stroke patients. The specificity of paramedic
diagnosis in stroke has been examined only retro-
spectively in one study27 (60%) and in the field in
prospective validation studies of the LAPSS.11 (97%)
and MASS.14 (74%). However, all of these studies tested
specificity in selected populations. In order to exam-
ine specificity accurately, all paramedic runs with a
paramedic diagnosis of stroke would have to be com-
pared with final hospital discharge diagnosis. Unfortu-
nately, due to lack of computerized paramedic records
for the study periods, this was beyond the scope of this
study.

Reliability of results in this study is subject to po-
tential bias due to the retrospective nature of the data
collection. Attempts were made in the methods to re-
duce this potential bias by using published method-
ologic criteria.28 Methods used include experienced ab-
stractors, clear inclusion and exclusion criteria, clear
definitions and abstraction points for variables, a stan-
dardized data-collection form, description of sampling
methods, predetermined plan for missing data, ethics
approval, and disclosure of funding. Due to limitations
in resources, blinding of the abstractor and random in-
dependent reviews of data with analysis of reliability
and agreement were unable to be performed.

CONCLUSION

With recent changes in stroke therapies and the lack of
stroke education since initial training, it is not surpris-
ing that paramedics are unaware of current treatments
and the important role they now play in the treatment
of stroke. Results of this study demonstrate the need
for revision of paramedic education, the effectiveness
of the combined use of education with a prehospital
stroke tool on the identification of stroke by paramedics,
and the need for prenotification for patients within the
treatment window for thrombolytic therapy.
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