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Ambulance use affects timely emergency
treatment of acute ischaemic stroke

KK Lau *, Ellen LM Yu, MF Lee, SH Ho, PM Ng, CS Leung

ABSTRACT

Introduction: For acute ischaemic stroke patients,
treatment with intravenous tissue plasminogen
activator within a 4.5-hour therapeutic window
is essential. We aimed to assess the time delays
experienced by stroke patients arriving at the
emergency department and to compare ambulance
users and non-ambulance users.

Methods: We performed a prospective cohort study
in a tertiary hospital in Hong Kong. All acute stroke
patients attending the emergency department from
January to June 2017 were recruited. Patients who
were in hospital at the time of stroke onset and those
who transferred from other hospitals were excluded.
Three phases were compared between ambulance
users and non-ambulance users: phase I, between
stroke onset and calling for help; phase II, between
calling for help and arriving at the emergency
department; and phase III, between arriving and
receiving medical assessment.

Results: Of 102 consecutive patients recruited, 48
(47%) patients arrived at the emergency department
by ambulance. The percentage of stroke patients
attending emergency department within the
therapeutic window was significantly higher for

ambulance users than for non-ambulance users
(64.6% vs 29.6%; P<0.001). For phases I, II and III,
the median times were significantly shorter for
ambulance users (77.5, 32 and 8 min, respectively)
than for non-ambulance users (720, 44.5 and 15 min,
respectively; all P<0.001).

Conclusion: Transport of patients to the emergency
department by ambulance is important for timely
and effective stroke treatment.
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* Significantly more ambulance users received medical consultation at the emergency department within the

therapeutic window than non-ambulance users.

* Time intervals between stroke onset, help seeking, arrival at the emergency department and medical
consultation were significantly shorter for ambulance users than for non-ambulance users.

* Non-ambulance users who had visited a general practitioner arrived at the emergency department significantly
later than ambulance users after seeking help; those who did not visit a general practitioner were not

significantly different from ambulance users.

* The public should be educated to promptly call the emergency services after stroke onset.

Introduction

Treatment for acute ischaemic stroke by intravenous
tissue plasminogen activator (TPA) was introduced
in 1995.! Early attendance is essential, as the
effectiveness of TPA has been shown to decrease
over time.>® Stroke patients are recommended to
receive TPA within 4.5 hours after stroke onset.!?
In Hong Kong, TPA has been available since early
2010. It typically takes 1 hour to complete the
necessary examination, blood tests, brain computed
tomographic scan, and preparation of TPA for
administration. Therefore, stroke patients should
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receive a medical consultation at an emergency
department (ED) within the therapeutic window of
3.5 hours after onset. In 1999, a study in Hong Kong
investigated how patients attended EDs after stroke.*
At that time, stroke was classified as category II,
and patients were not treated as urgent. Therefore,
such stroke patients were often seen several hours
after arrival. The study suggested that stroke
should be treated as category I, and that immediate
treatment should be given.* Public education on
recognising the signs and symptoms of stroke was
also recommended.* A collective effort at the social
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and administrative levels, aimed at shortening
the duration between onset and arrival has been
proposed.® The aim of the present study was to
investigate stroke patients’ means of transportation
to the ED after stroke. The percentage of stroke
patients receiving medical consultation at the ED
within the therapeutic window was compared
between ambulance users and non-ambulance users.

Methods

This was a prospective cohort study conducted by
the Accident and Emergency Department and the
Department of Medicine and Geriatrics, Princess
Margaret Hospital, Hong Kong. All stroke patients
admitted to the acute stroke unit via the ED from
1 January 2017 to 30 June 2017 were included.
Patients who were in hospital at the time of stroke
onset, or who transferred from other hospitals
were excluded. Patients were invited to join this
study after receiving stroke treatment, including
TPA when applicable. Stroke patients were divided
into two groups: ambulance users who called the
emergency services and were brought to hospital by
emergency ambulance; and non-ambulance users
who sought alternate help and attended by other
means of transportation. Non-ambulance users
were further divided into those who visited a general
practitioner (GP) before attending the ED, and those
who did not. The onset time, arrival time, and time
of medical consultation in the ED were collected

from patient interviews and electronic admission
records. The collected data were cross-checked by
relatives or a GP. Three time intervals were studied:
phase I was between stroke onset and calling for help
(calling the emergency services for ambulance users
or other calls for help for non-ambulance users);
phase II was between calling for help and arriving at
the ED; and phase III was between arriving at the ED
and receiving medical consultation. The percentage
of stroke patients receiving a medical consultation
within the therapeutic window (210 minutes from
stroke onset) was compared between ambulance
users and non-ambulance users using Pearson’s Chi
squared test. The time intervals of the three phases
were reported as median (interquartile range) and
were compared between the two groups using the
Mann-Whitney U test.

Results

A total of 102 patients were eligible and were
consecutively recruited. Of these patients, 48
(47.1%) were brought to the ED by ambulance.
Patient demographic data, including age, sex, and
co-morbidities are presented and compared between
ambulance users and non-ambulance users in Table
1. No statistical difference was found between the
two groups except hypertension (P=0.016).

The proportion of stroke patients arriving
within the therapeutic window was significantly
higher in ambulance users (64.6%; 31/48) than that
in non-ambulance users (29.6%; 16/54) [P<0.001]. Of
the 12 non-ambulance users who visited a GP before
going to the ED, only one (8.3%) arrived within
the therapeutic window, compared with 15 out of
42 (35.7%) patients from the non-ambulance user
group.

Table 2 shows the comparison of the different
time intervals between ambulance users and non-
ambulance users. There were significant differences
between the two groups for all phases (P<0.001). The
median time for phase I for ambulance users was
77.5 minutes, whereas for non-ambulance users it
was 720 minutes. The non-ambulance user group,
whether the patient visited a GP or not, had a longer
phase I interval than the ambulance user group
(1470 [720-3165] min; P=0.001 for those who visited
a GP and 440 [75-3023] min; P=0.004 for those who
did not visit a GP). For phase II, the median travel
time for ambulance users (32 min) was significantly
shorter than that for non-ambulance users (44.5
min) [P<0.001]. Compared with ambulance users,
non-ambulance users who had visited a GP had a
significantly longer travel time (76 [56.25-123] min;
P<0.001), whereas the travel time for those who did
not visit a GP was not significantly different (31.5
[19.5-52.5] min; P=0.743). After arrival at the ED,
the time to medical consultation for ambulance
users was 8 minutes and that for non-ambulance
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TABLE |. Demographic characteristics of non-ambulance users and ambulance users*

Ambulance Non-ambulance users (n=54) P valuet All (n=102)
users (1=48) " Visited GP  Didnotvisit P valuet Al
(n=12) GP (n=42)

Age (years) 65.0 + 14.9 54.5 + 8.6 61.4+11.9 0.067 59.9+11.5 0.050 62.3 +13.4
Male sex 0 (62.5) 10 (83.3) 6 (61.9) 0.298 36 (66.7) 0.660 6 (64.7)
Ever smoking 3 (27.1) 7 (568.3) 1(26.2) 0.079 8 (33.3) 0.493 1(30.4)
Hypertension 1(64.6) 7 (58.3) 5(35.7) 0.194 22 (40.7) 0.016 3 (52.0)
Diabetes mellitus 15 (31.3) 3 (25.0) 1(26.2) 1.000 4(25.9) 0.552 29 (28.4)
Hyperlipidaemia 9 (39.6) 2(16.7) 4(33.3) 0.474 6 (29.6) 0.291 5 (34.3)
Atrial fibrillation 8 (16.7) 0 5(11.9) 0.575 5(9.3) 0.263 3(12.7)
History of stroket 8 (59.6) 8 (66.7) 20 (50) 0.310 28 (53.8) 0.566 6 (56.6)

Abbreviation: GP = general practitioner

* Data are shown as mean * standard deviation or No. (%), unless otherwise specified

T Pearson’s Chi squared test, independent t test, or Fisher's exact test

T Due to missing information, only data of 40 non-ambulance users who did not visit a GP and 47 ambulance users were included

TABLE 2. Time interval comparison between ambulance users and non-ambulance users*
Phaset Ambulance users Non-ambulance users (n=54) P valuet

(n=48) Visited GP (n=12) Pvaluex Did notvisit GP P valuet P value§ All
(n=42)

| 77.5(21.25-278.75) 1470 (720-3165) 0.001 440 (75-3023) 0.004 0.235 720 (108.75-3023) <0.001
Il 32 (29-41.5) 76 (56.25-123) <0.001 31.5 (19.5-52.5) 0.743 <0.001  44.5(23.25-66.25) <0.001
1] 8 (2.25-12.5) 24 (15.75-39.25) <0.001 11.5 (7.75-25.5) 0.006 0.014 5 (8.75-27.75) <0.001
I+11+ 111 120 (75.25-304.5) 1849.5 (1200-4286.25) <0.001  480.5 (160-3081.25)  <0.001 0.074 1182 (180.75-3224.5)  <0.001

Abbreviation: GP = general practitioner
* Data are presented as median (interquartile range) time (min)

T Phase | denotes time interval from onset to seek help; phase Il from seeking help to arrival at emergency department; and phase Ill from arrival at

emergency department to medical consultation
T Comparison with ambulance users (Mann-Whitney U test)

§ Comparison between non-ambulance users who visited or did not visit GP (Mann-Whitney U test)

users was 15 minutes (P<0.001). The time from
onset of stroke to medical consultation in the ED for
ambulance users was 120 minutes, whereas that for
non-ambulance users was 1182 minutes (P<0.001).
Of the 102 patients, 34 patients were treated
with TPA. The reasons for not giving TPA were:
uncertain onset time (n=8), therapeutic window
exceeded (n=13), low National Institutes of Health
Stroke Scale (NIHSS) score of <5 (n=52), high NIHSS
score of >25 (n=16), intracerebral haemorrhage
(n=16), convulsions (n=2), patient refused TPA
(n=2), and poor pre-morbidity (n=6). There may
be more than one reason per patient for not giving
TPA. At 3 months after administration of TPA,
five patients had excellent results (ie, reduction of
>8 points in NIHSS score), 11 had good results (e,
reduction of >4 points in NIHSS score), 14 were
static (ie, change of <4 points in NIHSS score), and

four deteriorated (ie, increase of >4 points in NIHSS
score).

Discussion

In Hong Kong, calls to the emergency services are
answered by the Police Force and the Fire Services
Department, which provides ambulance and fire-
fighting services. Our study found that overall
time intervals were shorter in ambulance users
than in non-ambulance users. Significantly more
ambulance users had a medical consultation within
the therapeutic window than did non-ambulance
users. For phase I, ambulance users might have more
awareness and called for help earlier than the non-
ambulance users. Compared with ambulance users,
phase II was significantly longer for non-ambulance
users who visited a GP, but not for patients who did
not visit a GP. This might be because non-ambulance
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users who did not visit a GP went directly to the ED
after calling for help. Ambulance users had a shorter
phase III than did non-ambulance users. Non-
ambulance users who did not visit a GP had shorter
phase II, phase III, and overall time from onset to
medical consultation than did those who visited a
GP.

A study in Australia showed that fewer than
50% of stroke patients who called for an ambulance
could correctly identify stroke from the symptoms.©
A study in Germany on calling for emergency
assistance showed similar findings.” An important
finding in these papers was the importance of advice
and assistance immediately after stroke onset®’; one
third of these patients were unable to make decision
themselves.® How stroke patients interpreted their
symptoms, developed coping mechanisms, and
engaged others prior to an emergency call for help
was unclear.® The process of seeking “lay referral” to
call for an ambulance was not studied.®

In North America, a study to compare hospital
arrivals showed no major differences between
the situation in 2002 and that in 2009.® The Get
With The Guidelines—Stroke Program included
over 413147 ischaemic stroke patients from 287
hospitals; of these, 26.8% of patients arrived at the
ED in <3.5 hours. The percentage of stroke patients
who arrived within the therapeutic window did
not change during the studied period. The authors
suggested that further effort would be necessary to
increase the proportion of patients arriving within
the therapeutic window.?

Our findings are important for clinical
applications. In our literature search, we could
not find study from Hong Kong on how to shorten
the time prior to hospital arrival. We believe that
appropriate education can change the mindset of
the public. If patients can recognise the signs and
symptoms of stroke, they are more likely to call an
ambulance in a timely manner, and thus will have a
higher chance of receiving TPA treatment within the
therapeutic window.

There are several limitations to the present
study. The study was conducted in a single centre
within a 6-month period. Although the sample size
was limited by the study period, significant results
were found. The study involved asking patients to
recall the time of stroke onset, time of calling for
help, and time of arrival at the ED. To mitigate any
potential recall bias, the recalled information was
cross-checked by relatives or a GP, and the time
interval was short.

In recent years, the Hong Kong Stroke Fund
has provided much public education, promoting
recognition of acute stroke using the mnemonic
“FAST” (XA fx). Here, “F” (face, %£) refers to
facial asymmetry, “A” (arms, F) refers to weakness
or numbness of the limbs, “S” (speech, #) refers to

slurring of speech, and “T” (time, £x) refers to calling
for immediate assistance.’

A study in Japan compared the effectiveness of
different media on how to improve public knowledge
of stroke. The authors found that television was more
effective than printed newspapers.’® A combination
of different media was found to be most effective.”®
Structured community-based public education can
improve public knowledge on stroke.'®

Some patients voluntarily mentioned their
reasons for not calling the emergency services for
an ambulance. Some years ago, there was a publicity
campaign to reduce ambulance misuse.' Although
the original message was not to misuse the ambulance
service, the effect was long-lasting. Some patients
still believe that there is always someone who is in
greater need of an ambulance. Thus, these patients
believe that they can travel to the ED themselves and
are unaware of the urgency. Because these patients
are unaware of the therapeutic window, they do
not hurry to the ED. Public education, especially
to encourage proper use of ambulance services is
required.’> Public education on recognition of the
symptoms and signs of stroke and on how to better
utilise the emergency services is of the utmost
importance.

Conclusion

The present study shows that the means of transport
to the ED is an important aspect in effective stroke
treatment. Stroke patients who call the emergency
services are more likely to be treated effectively with
TPA within the therapeutic window. Increasing
public awareness of the signs and symptoms of acute
stroke, and of the need to call the emergency services
in case of stroke is critical.
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