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Background. Stroke is a potentially life-threatening, time-dependent event, and one of the leading causes of mortality and lasting morbidity in South
Africa (SA). It is of vital importance that Emergency Medical Services (EMS) call-takers accurately recognise stroke symptoms and prioritise time as
well as adequate care. EMS call-takers are the first link in stroke care and improving call-taker recognition of stroke signs and symptoms can drastically
improve patient outcome. The Newcastle Face Arm Speech Time (FAST) test is a mnemonic aimed at improving diagnostic accuracy of stroke.
Objective. To assess the use of the FAST test at a call-taker level to raise early suspicion of stroke and appropriately allocate resources to increase
awareness of time and decrease delays on scene.
Methods. A retrospective diagnostic study to determine the accuracy of the FAST mnemonic at identifying stroke when applied at EMS call-taker
level. The outcome of the FAST assessment was compared with EMS stroke diagnosis for cases of a private SA EMS over a three-month period
(N=146).
Results. Using FAST, call-takers were able to identify stroke with a sensitivity of 87.5% and a specificity of 17.4% (positive predictive value 34%,
negative predictive value 74%). This yielded an overall accuracy of 40.41%.
Conclusion. FAST is a useful screening tool for identifying stroke at call-taker level. FAST has acceptable sensitivity when used as a screening tool;
however, specificity and diagnostic effectiveness are lacking. Further studies should be considered to determine call-taker as well as general public
knowledge of stroke risk factors and presentation.
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Contribution of study
Stroke is one of the leading causes of death and lasting morbidity in South Africa (SA) and is increasing in incidence. Early recognition of stroke
at initial emergency call may expedite treatment, thus improving outcomes. This study demonstrates that the application of the FAST assessment
at emergency contact centre level in SA, might be useful at identifying stroke early. Future research should investigate barriers to its use.

Sub-Saharan Africa (sSA) is experiencing an epidemiological transition
caused by a combination of lifestyle and dietary changes, urbanisation,
and demographic as well as social transitions.[1,2] The incidence
and burden of non-communicable diseases and risk factors for
cardiovascular disease are on the rise in most low- and middle-income
countries (LMICs), including South Africa (SA).[2,3] The incidence of
cardiovascular disease (CVD) in sSA is increasing significantly, and
between 1990 and 2013 mortality rates associated with CVD increased
by 81%.[3] In 2013 the largest proportion of deaths associated with CVD
in sSA was attributed to stroke.[3]
Globally, LMICs carry a disproportionately high CVD and stroke
burden.[2,4] Hypertension (a risk factor for stroke) has an extremely
high incidence in SA, where it largely remains poorly managed due to
low awareness and poor compliance to treatment.[5] According to the
2016 South African Demographic and Health Survey,[6] 46% and 44%
of SA women and men, respectively, above 15 years of age suffer from

hypertension. In addition, a large proportion of the SA population
suffer other risk factors, including tobacco use, obesity, diabetes and
physical inactivity.[6,7] Therefore, stroke is one of the leading causes of
mortality and lasting morbidity in SA,[7] leading to an estimated 25 000
deaths per year.[8]
With an increase in stroke prevalence it is imperative to improve
care of those affected. Stroke is extremely time sensitive and time to
definitive management directly correlates to patient outcome.[9] Delays in
treatment and transport to adequate treatment centres negatively affect
patient outcome and lasting morbidity.[10] In contrast, early recognition,
diagnosis and transport to adequate treatment facilities have been linked
to improved patient outcome.[11]
Stroke leads to cerebral infarct, and time increases risk of infarct
progression to healthy tissue.[12,13] Further insult and secondary neuronal
injury (such as hypoxia) can accelerate the progression of the infarct.[14] The
only definitive management strategies for ischaemic stroke are reperfusion
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and endovascular thrombectomy.[9,15] However, as time progresses these
strategies become less effective and pose greater risk.[9] The effectiveness
of tissue plasminogen activators (tPA) and patient outcome decreases
over time.[16] Research suggests that these strategies are most effective
within 3 to 4.5 hours from time of onset (up to 6 hours for endovascular
thrombectomy combined with early tPA administration).[9,12] A delay in
recognition leads to a cascade of delays in hospital arrival, diagnostic testing
and imaging, stroke evaluation and a delay to definitive management.[15,17]
Therefore, it is crucial to improve early diagnosis of stroke and decrease
time to definitive management at appropriate facilities.
Emergency Medical Services (EMS )providers play a key role in avoiding
delays and minimising time to care. By improving and prioritising
early recognition, accurate diagnosis, and time-sensitive transport to
definitive care, delays can be minimised.[18] A Spanish study determined
the frequency and difference in time to definitive management between
EMS and non-EMS-transported stroke patients.[17] EMS-transported
patients underwent reperfusion strategies 3.7 times more frequently and
had shorter onset to reperfusion times. In addition to decreased time to
definitive management, EMS can also avoid secondary neuronal injury,
namely hypoxia, hypotension and hypoglycaemia, which accelerate infarct
progression.[14]
An increase in EMS contact centre recognition of stroke could improve
the frequency of appropriate EMS transport as well as minimising delays
in call and dispatch times.[10] SA research shows that EMS providers can
accurately recognise and diagnose stroke.[19] However, there is a paucity
of research into call-taker recognition of stroke signs and symptoms.
Increasing the accuracy of stroke recognition by call-takers is vital in
reducing treatment times and improving patient outcome, as call-taker
recognition is the critical first link in stroke care.[20]
The Newcastle Face Arm Speech Time (FAST) test is a mnemonic
aimed at improving accurate diagnosis of stroke.[18] FAST was developed
in 1998 and attempts to accurately diagnose stroke while decreasing time
of assessment and time spent on the scene.[18] It assesses facial droop, arm
drift and slurred speech as indicators of stroke, with a sensitivity of 97%,[21]
and emphasises the importance of time and rapid transport to definitive
care. Using the FAST mnemonic at call-taker level to raise an early
suspicion of stroke and allocating resources appropriately, can significantly
increase awareness of time and decrease delays on scene.[10] Furthermore, a
positive FAST assessment at call-taker level can be used to raise suspicion
and notify stroke centres of an incoming patient in advance of arrival. By
notifying stroke centres or hospitals in advance the receiving facility can
prepare for patient arrival by preparing adequate and relevant staff, such as
a neurologist, as well as equipment needed for screening and treatment.[15]
In Singapore implementation of prenotification and patient prioritisation
resulted in 48.2% of stroke patients having a door-to-needle time of less
than 60 minutes compared with 19.4% before implementation.[16] In March
2017 FAST was implemented as standard questioning at call-taker level, at
a private EMS Call Centre in SA, for patients with suspected stroke.

Objective

no. REC-01-74-2018). Institutional permission was obtained from the
private ambulance service to access and analyse data.

Setting

This study took place in the Emergency Contact Centre of a private SA
EMS service with a national footprint. The service mainly transports
patients with medical insurance and sometimes patients without medical
insurance who utilise government healthcare services. The Contact
Centre receives ~1 500 calls per day and dispatches an ambulance to ~125
suspected strokes per month.

Procedure

Patients with suspected stroke (as identified by the selection of ‘Stroke’
as dispatch call category) were included over a three-month period from
1 December 2017 to 28 February 2018.
Based on the description of the patient by the caller, a call-taker will
select the category of ‘Stroke’ on a computer-aided dispatch system.
Once selected, the caller is asked whether the patient is awake, talking or
breathing. Hereafter, the computer-aided dispatch system prompts the calltaker to apply the FAST assessment, based on three standardised questions:
1. Have the patient smile. Does the face look uneven?
2. Have the patient raise both arms. Does one arm drift down?
3. Is the patient unable to speak or does the patient’s speech sound
abnormal?
Hereafter, the inclusion and exclusion criteria were applied (Table 1),
and EMS diagnosis extracted and obtained from the dispatch system’s
reporting interface. Data were extracted into an Excel (Microsoft Corp.,
USA) spreadsheet. Using the unique identifying call number, patient
report forms (PRFs) were obtained to determine the EMS diagnosis
of stroke. EMS diagnosis of stroke was selected as the standard for
Table 1. Inclusion and exclusion criteria

Inclusion criteria
1. All adult patients recorded on the dispatch centre as suspected
stroke based on the selection of ‘Stroke’ as call category, where the
FAST assessment was completed between 1 December 2017 and 28
February 2018.
Exclusion criteria
1. All patients where the answers to the FAST assessment was
selected as ‘Unknown’. ‘Unknown’ refers to cases where FAST was
either not asked or asked and the caller could not answer. For
instance, if the caller was not with the patient to identify facial
droop, arm drift and/or slurred speech. Records where ‘unknown’
were indicated were omitted, and only records with answers used.
2. All patients for whom the FAST assessment was not done by
the call-taker. All instances where the patient is unconscious.
Therefore, the FAST assessment cannot be attempted.
3. All instances where data or patient records are not obtainable.

To determine the accuracy of a positive FAST outcome in identifying
stroke at call-taker level.

Table 2. Call-taker v. EMS diagnosis of stroke

Methods

FAST calltaker

A retrospective diagnostic study to determine the accuracy of the FAST
mnemonic at identifying stroke at call-taker level. Ethical approval with
waiver of consent was obtained from the Research Ethics Committee of
the Faculty of Health Sciences at the University of Johannesburg (ref.
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Positive
Negative
Total

Positive
42
6
48

EMS stroke diagnosis
Negative
Total
81
123
17
23
98
146

EMS = emergency medical services; FAST = Face Arm Speech Time.
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Cases identified as call
category: 'Stroke',
n=520
Patient unconscious,
n=77
n=443

Discussion
FAST is 'Unknown',
n=189

n=254
FAST not asked,
n=34

n=220
Patient transported
by other EMS,
n=13
n=207
Call cancelled
before EMS arrival,
n=3
n=204
No linking
PRF data available,
n=51
n=153
PRF not found,
n=7
Eligible for analysis,
n=146

Fig. 1. Flow chart for eligible patients.

comparison as this signifies the initiation of the stroke pathway of care,
and a previous study has demonstrated acceptable diagnostic accuracy
of SA prehospital providers in identifying stroke.[19] The EMS diagnosis
of stroke on arrival was then compared with the specific outcome (or
answers) of the FAST assessment.
The outcome of the FAST assessment was compared with the
EMS diagnosis, and the accuracy was calculated based on specificity,
sensitivity, negative and positive predictive values, and percent (positive)
agreement using standard equations.

Results

Call-taker FAST assessment was able to identify EMS stroke diagnosis
with a sensitivity of 87.5% (95% CI 74.8 - 95.3) and specificity of 17.4%
(95% CI 10.4 - 26.3) (Table 2). These results correspond to a positive
predictive value (PPV) and negative predictive value (NPV) of 34% (95%
CI 31.07 - 37.4) and 74% (95% CI 54.4 - 87.0), respectively. FAST can
identify stroke with an overall accuracy of 40.4% (95% CI 32.4 - 48.8).

During the study period, all calls made to the private EMS call centre
under the category ‘Stroke’ were considered for inclusion (N=520).
However, based on the exclusion criteria, 72% (n=374) of the calls were
excluded and the remaining 28% (n=146) of cases were included in the
study for analysis (Fig. 1).

When applied at the level of the call-taker, FAST recognised stroke with
an accuracy of 40.4%. However, accuracy should not be considered in
isolation as we identified high sensitivity and NPV indicating that FAST
can accurately rule stroke out. Therefore, within this context, FAST is
best suited as a screening tool to raise early suspicion of stroke.
A low PPV, and the corresponding high false positive rate, supports
the use of FAST for screening, evaluation and early recognition.
When used as a diagnostic tool it should be used in combination
with other assessments, in person and by trained personnel.[18] This
recommendation is further exemplified in our results showing a higher
NPV. In the context of a call centre this is desired as a negative FAST can
effectively predict a non-stroke patient. While a positive FAST does not
guarantee stroke diagnosis, it does raise early suspicion and can prompt
further investigation, which can result in adequate resources being
dispatched such as Advanced Life Support (ALS),[22] and minimise the
incidence of resources being utilised unnecessarily.
When applying FAST, we found that EMS call-takers identified
stroke with a sensitivity of 87.5%. This is similar to the results of
another study, focusing on EMS dispatcher recognition of stroke,
identifying stroke with a sensitivity of 83%.[13] However, there are
significant variation in results from other studies, with sensitivities
varying between 44% and 83%.[15] One explanation for this variation
in the accuracies could be the use of differing stroke screens, including
FAST, the Cincinnati prehospital stroke scale (CPSS), the Los Angeles
prehospital stroke screen (LAPSS) and the Melbourne ambulance
stroke screen (MASS), within the contact centre.[21] FAST relies on
three criteria, while CPSS, LAPSS and MASS have more detailed
requirements. This can take longer to perform and might require a
higher level of clinical training on the part of the call-taker. FAST
offers less complexity, but this does not appear to influence accuracy
in the SA setting.[21] Therefore, FAST may be preferable in SA, where
call-takers are generally of lower clinical qualification and large call
volumes might preclude lengthy diagnostic conversations with callers.
When performed in person by trained medical professionals, FAST
has a specificity of 13%.[21] This is similar to the 17% specificity reported
in this study and is not a reflection of call-taker ability but rather the
disadvantages inherent to the FAST stroke assessment. FAST was
designed to be a simple test that is easy to use. It is meant to aid in stroke
diagnosis and recognition in combination with other assessments.[18]
Of the initial sample, 189 cases were excluded due to unknown FAST
responses. In these cases, the caller was either no longer with the patient,
or could not answer the questions as presented by call-takers. One reason
for this could be level of education and socioeconomic status of
callers.[23] Local research on socioeconomic status and stroke knowledge
as well as how local populations describe stroke is not available. However,
a study performed in rural Spain found a correlation between stroke
knowledge and level of education and income.[23] Similar results may
be expected in SA, where 8.6% of citizens above the age of 20 years
received no schooling and only 12.1% obtained greater than secondary
education.[24] In a multilingual and multicultural SA, further research is
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needed to determine how socioeconomic status, education and colloquial
descriptors of stroke affect bystander and call-taker recognition of stroke.
In 34 cases FAST was not asked by the call-taker. This could be because
stroke symptoms were not recognised by the caller or the call-taker
and, therefore, FAST was not prompted. This is likely related to public
awareness of stroke symptoms.[25] Hsieh et al.[22] found that caller stroke
recognition and spontaneous identification of stroke symptoms led to a
much higher rate of dispatcher recognition of stroke. FAST symptoms,
if recognised by the caller, were mentioned spontaneously and early
during the call,[26] which can significantly aid in dispatcher recognition
of stroke and reduce call time. This can be improved by implementing
continuous training for EMS call centre staff and by using standardised
templates for call taking and stroke assessment, such as FAST.[11] Further
research is needed to determine reasons for call-takers not asking the
FAST assessment.

Study limitations

This study only addressed patient data from a single private ambulance
service, with callers who have private medical insurance and associated
affluent socioeconomic status relative to governmental EMS users. This
detracts from the external validity of our results. Larger representative
studies are suggested.
As the FAST assessment is provided in English in this EMS Contact
Centre, future research should profile stroke descriptors and recognition
stratified to language, especially in a multilingual country like SA. In this
manner, locally appropriate telephonic disease recognition models can
be developed.
We compared FAST diagnosis with prehospital stroke diagnosis. It is
acknowledged that this does not relate to final radiographic diagnosis.
We feel that this does not detract from the validity of our study
concluding the use of FAST as a screening tool, as EMS diagnosis is the
factor that ‘activates’ the stroke system regardless of the final diagnosis.
Despite this, future studies should focus on comparing call-taker and
prehospital diagnosis with diagnosis at discharge.

Conclusion

FAST is a useful screening tool for identifying stroke at call-taker
level. There are limitations to FAST, but these can be reduced by
improving public as well as call-taker knowledge on the risk factors
and presentation of stroke. FAST has acceptable sensitivity when used
as a screening tool. However, specificity and diagnostic applicability
are lacking. It is recommended that FAST not be used as a diagnostic
tool at call-taker level but rather as a screening tool to identify stroke
victims and minimise time delays to adequate treatment at appropriate
facilities.
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