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ABSTRACT

Objectives The aim of this study was to explore the
choice of transportation mode to hospital in patients with
acute coronary syndrome (ACS) and to determine the
factors influencing the use of ambulance.

Design, setting and participants This cross-sectional
study was conducted in a tertiary and teaching hospital
in China. The study was carried out between 24 August
2015 and 24 July 2016. A total of 828 patients with

ACS presented at the emergency department (ED)

were included. The study population was dichotomised
according to their primary mode of transport (ambulance
or self-transport) to hospital. Social demographics,
cardiovascular history, risk factors, prehospital
medications, clinical characteristics and symptom
characteristics were collected. Multivariable logistic
regression was used to examine the factors associated
with ambulance use.

Results We found that only 179 (21.6%) patients

with ACS chose taking ambulance to hospital. Factors
associated with ambulance use were single (OR 1.66,
95% Cl 1.07 to 2.57), taking Suxiaojiuxin pills (OR 1.91,
1.31 to 2.80) or nitrates (OR 2.91, 1.70 to 4.99) before
going to hospital, diagnosed as ST-elevation myocardial
infarction (STEMI) (OR 2.43, 1.45 to 4.05), with persistent
symptoms (OR 1.95, 1.33 to 2.86) and symptoms
accompanied with vomiting (OR 2.35, 1.19 to 4.62). The
patients who had symptoms precipitated or aggravated
by exercise (OR 0.37, 0.14 to 0.98) tended to choose self-
transport.

Conclusion The usage of ambulance in patients with
ACS presenting to the ED was low in China. Factors like
single, taking Suxiaojiuxin pills or nitrates before going to
hospital, diagnosed as STEMI, accompanied with vomiting
and persistent symptoms were independently associated
with ambulance use. Future education programmes should
focus on these factors and increase people’s knowledge
on ACS and the benefits of ambulance use.

INTRODUCTION

Since 2000, a rapid steady increase in acute
coronary syndrome (ACS) prevalence has
been observed throughout China, which has

Strengths and limitations of this study

» This study provides the insights into the usage of
ambulance transport among patients with acute
coronary syndrome (ACS) in China.

» The study used cross-sectional data to investigate
influencing factors of ambulance use in patients
with ACS.

» This study is confined to only participants from a
single centre. Therefore, the findings from this study
may not be generalisable to other centres.

» The study did not describe the cost of ambulance
use and the distance each patient lives from the
hospital, which may likely affected the choice of the
patient to some extent.

» With greater study duration or more centres
participated in, more patients would be enrolled to
strengthen the power of the study.

become a leading cause of mortality.' For
patients with ACS, early symptom recogni-
tion, early activation of emergency medical
service (EMS), early transportation to the
hospital and early administration of defini-
tive treatment are associated with improved
clinical outcomes.”

Guidelines from European Society of
Cardiology,” American College of Cardiology
(ACC) and American Heart Association
(AHA)* * strongly recommend activation
of the EMS, a rapid and effective means of
obtaining medical care, for patients who
have symptoms consistent with ACS. EMS is
critical to provide an opportunity for earlier
initiation of evidence-based therapies, faster
receipt of initial reperfusion therapies
and also earlier coordination with capable
centres for efficient delivery of care.” ® In
spite of this, several studies found that a
significant proportion of patients with ACS
failed to use EMS, the percentage of EMS
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use ranged from 4.5% to 50.4% in different regions of
the world.”"!

Although previous attempts such as public education
and media campaigns had been taken to increase the
consciousness of patients to activate EMS when having a
heart attack, limited success was achieved and individuals
were still hesitant to contact the EMS as means of trans-
port to the emergency department (ED)."*™™ In order
to increase EMS use, we need to know the influencing
factors of EMS use and identify the accurate improving
targets. Previous studies have reported that social
demographics like old age*’'® and female sex,” history
of heart diseases,” "' '® haemodynamic complications*
and living far from the hospital* ' were associated with
more ambulance use. Besides, persistent symptoms,' '’
lack of physical activity at the time of symptom onset,"®
abrupt onset of chest pain and associated symptoms such
as nausea or cold sweat'' ' were also associated with
increased usage of EMS. Nevertheless, race, income and
education level'” did not appear to be associated with the
mode of transport to hospital.

To date, no data have been published on ambulance
use of patients with ACS in China. Therefore, the objec-
tives of this cross-sectional study were to explore the
usage of ambulance transport and to determine factors
influencing the use of ambulance among patients with
ACS in China.

METHODS

Study population

Patients with diagnosis of ACS presenting to the ED of
Qilu Hospital of Shandong University were consecu-
tively enrolled from 24 August 2015 to 24 July 2016. Qilu
Hospital of Shandong University is an academic medical
centre, tertiary and teaching hospital located in urban
area in China.

Patients were included if they were (1) 18 years and
older, (2) with ACS symptoms occurred within 24 hours,
(3) presenting to the ED, (4) diagnosed as ACS and (5)
signed an informed consent by themselves or next of kin.
Patients transferred from other hospitals or presented to
the ED again within 30 days after initial enrolment were
excluded.

EMS system has been well established in China, an
ambulance is staffed by at least three crews: a doctor, a
nurse and a driver. Equipment of advanced life supports
and a 12-lead ECG are standard on board. EMS system
is available to all patients with ACS who are making the
decisions to activate EMS.

Ethical approval was obtained from the ethics
committee before initiation of the study and all patients
provided informed consent.

Data collection

Patients with an ACS eventwere initially screened and then
invited by a trained research nurse to participate in the
study. According to the standard data collection protocol

developed by the steering committee, data collection was
conducted on a standardised case report form, in which
the variables are in accordance with the international
standards.'® Data on the social demographics, cardiovas-
cular history, risk factors, prehospital medications and
symptom characteristics were obtained through patient
interviews and then supplemented and confirmed from
the medical records. Data on the clinical characteristics,
initial ECG, biochemical markers and final ED diagnosis
were based on medical records. Research nursing staff
collected all the data.

The criteria used for the diagnosis of ACS are the
criteria approved by the ACC/AHA, namely, a clinical
syndrome defined by characteristic symptoms sugges-
tive of myocardial ischaemia with or without persistent
relevant electrocardiographic changes and/or release of
biomarkers of myocardial necrosis.”

Self-transport was defined as any mode of transporta-
tion that did not involve ambulance, including taking
taxis or any public transportation, driving by themselves,
driven by others and walking to the hospital.

The symptom characteristics were mainly derived from
Hollander et al' In order to distinguish the primary
symptoms leading to ED presentation, chief complaints
were classified into chest pain, chest discomfort and pain/
discomfort outside chest. ‘Chest pain’ included all kinds
of pain, such as squeezing, stabbing, sharp and others.
‘Chest discomfort’ included other symptom episodes in
the chest except of pain, while ‘pain/discomfort outside
chest’ was defined as pain or discomfort occurring at
epigastrium, neck, jaw, shoulder, left arm and others. The
maximum intensity of pain was measured by a Numer-
ical Rating Scale where ‘0’ means no pain and ‘10" means
unbearable pain.

The final ED diagnosis was defined as the discharge
diagnosis for patients discharged home or the admitting
diagnosis for patients admitted to an inpatient setting.

Statistical analysis

The descriptive results are presented as the median (25th,
75th percentile), mean+SD for continuous variables
and frequency and percentage for categorical variables.
Comparison between groups was made by ttest and
Wilcoxon rank-sum test for continuous variables appro-
priately. With regard to categorical variables, %* test or
Fisher's exact test was used.

Multivariable logistic regression was used to examine
factors associated with ambulance use. Four models
were built separately to analyse the association between
ambulance use and different aspects of characteristics
including the social demographics, cardiovascular history
and risk factors, prehospital medications and clinical
characteristics, and symptom characteristics (see online
supplementary file 1). Then, the statistically significant
variables (p<0.05) in each model were included into the
final multivariable logistic regression model. p Value was
reported for whether the logistic model was significant
as a whole. Max-rescaled R**’ was computed as measures
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Ambulance (n=179)  Self-transport (n=649) p Value

Age, years (SD) 67+12 66+11 0.91

Marital status <0.01

Married, n (%) 134 (74.9) 547 (84.3)

Government, private, business, n (%) 35 (19.6) 108 (16.6)

Other, n (%) 9 (5.0 17 (2.6)

o
(e}

Education level

Primary school, n (%) 25 (14.0) 107 (16.5)

High school, n (%) 105 (58.7) 344 (53.0)

Provincial medical insurance, n (%) 37 (20.7) 117 (18.0)

Urban residents medical insurance, n (%) 28 (15.6) 131 (20.2)

Cardiovascular history

PCl, n (%) 47 (26.3) 164 (25.3) 0.79

Heart failure, n (%) 5(2.8) 9(1.4) 0.2

Current Smoking, n (%) 40 (22.4) 98 (15.1) 0.02

Hypertension, n (%) 119 (66.5) 432 (66.6) 0.98

Stroke, n (%) 35 (19.6) 97 (15.0) 0.14

ACS, acute coronary syndrome; CABG, coronary artery bypass graft; Ml, myocardial infarction; PCI, percutaneous coronary intervention.

to assess the goodness of model fit. Factors included in
the final multivariable logistic regression model were
as follows: marital status, current smoking, prehos-
pital medications (Suxiaojiuxin pills, nitrates), time of
presentation (day, evening, night), diagnosis (ST-eleva-
tion myocardial infarction (STEMI)/non-ST-elevation
ACS), associated symptoms (vomiting, sweating), nature
of main symptom (persistent), precipitating and aggra-
vating factors (exercise), relieving factors (nitrates). The

' A Chinese medicine, which can invigorate the circulation and remove
stasis pain so as to increase coronary blood flow and relieve symptoms of
angina. Mainly used for coronary heart disease, angina pectoris.

results are expressed as the OR and 95% CI. Analyses
were performed with SAS V.9.4 statistical package (SAS
Institute). p<0.05 was considered statistically significant.

RESULTS

A total of 828 patients with ACS participated in the study
(51.3% men). The mean age was 66+11 years (men
64+12 years, women 69+10 years). Only 179 (21.6%)
patients activated ambulance for transport to hospital.
Social demographics, cardiovascular history and risk
factors of all patients were listed in table 1. No statistical
differences regarding age and gender were found. The
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Table 2 Prehospital medications and clinical characteristics comparing ambulance-transported patients and self-transported

patients with ACS

Ambulance (n=179)

Self-transport (n=649) p value

Prehospital medications

Suxiaojiuxin pills, n (%)
Nitrates, n (%)
Aspirin, n (%)
P2Y_, inhibitors, n (%)
Statins, n (%)
Clinical characteristics
Systolic blood pressure (mm Hg), mean (SD)
Diastolic blood pressure (mm Hg), mean (SD)
Heart rate (beats/min), mean (SD)
Cardiogenic shock on presentation, n (%)
Heart failure on presentation, n (%)
Time of presentation
Day (8 am—-4 pm), n (%)
Evening (4 pm-12 pm), n (%)
Night (12 pm-8 am), n (%)
Diagnosis
STEMI, n (%)
NSTE-ACS, n (%)

108 (60.3) 341 (52.5) 0.06
74 (41.3) 133 (20.5) <0.01
17 (9.5) 26 (4.0) <0.01

2(1.1) 7(1.9)
1(0.6) 3(0.5) 0.87

142127 150+26 <0.01
80+15 83+17 0.02
79+20 79+17 0.91

6 (3.4) 7(1.1) 0.04
18 (10.1) 51 (7.9) 0.35
0.02
73 (40.8) 296 (45.6)
62 (34.6) 251 (38.7)
44 (24.6) 102 (15.7)
<0.01
44 (24.6) 64 (9.9)
135 (75.4) 585 (90.1)

ACS, acute coronary syndrome; NSTE-ACS, non-ST-elevation acute coronary syndrome; STEMI, ST-elevation myocardial infarction.

ambulance-transported patients were more likely to be
single (25.1% vs 15.7%, p<0.01) and had current smoking
more frequently (22.4% vs 15.1%, p=0.02) compared with
the self-transported patients.

Table 2 lists the prehospital medications and clinical
characteristics of all patients. When considering actions
taken by patients before calling ambulance or going to
the hospital, ambulance-transported patients were more
likely to take Suxiaojiuxin pills (60.3% vs 52.5%, p=0.06),
nitrates (41.3% vs 20.5%, p<0.01) or aspirin (9.5% vs
4.0%, p<0.01). Compared with self-transported patients,
ambulance-transported patients were often with more
haemodynamic instability on presentation, like lower
systolic blood pressure (142+27mm Hg vs 150+26 mm Hg,
p<0.01), lower diastolic blood pressure (80+15mm Hg vs
83+17mm Hg, p=0.02) and a higher incidence of cardio-
genic shock (3.4% vs 1.1%, p=0.04). Patients were more
likely to choose ambulance when symptom occurred at
night (24.6% vs 15.7%, p=0.02). STEMI was found in
24.6% of the ambulance-transported group, whereas it
was only 9.9% of the self-transported group (p<0.01).

Table 3 lists the symptom characteristics comparing
ambulance-transported patients and self-transported
patients. Chest pain was the most common symptom
occurring in 60% of all patients. There were no statistical
differences in chief complaint proportions between the
two groups (p=0.44). The median of maximum intensity
of pain was 6 in the ambulance-transported group and 5 in
the self-transported group (p<0.01). Associated symptoms

like nausea (25.7% vs 18.3%, p=0.03), vomiting (13.4% vs
4.3%, p<0.01) or sweating (36.3% vs 26.7%, p=0.01), as
well as persistent symptoms (57.3% vs 36.4%, p<0.01) and
symptoms relieved by nitrates (22.9% vs 13.9%, p<0.01)
were associated with increased use of ambulance, while
symptoms precipitated or aggravated by exercise (2.8% vs
9.4%, p<0.01) or relieved by rest (6.7% vs 16.3%, p<0.01)
were associated with decreased use of ambulance.

The result of final multivariable logistic regression
analysis (table 4) showed that single (OR 1.66, 95% CI
1.07 to 2.57), taking Suxiaojiuxin pills (OR 1.91, 1.31 to
2.80) or nitrates (OR 2.91, 1.70 to 4.99) before going to
hospital, diagnosed as STEMI (OR 2.43, 1.45 to 4.05),
accompanied with vomiting (OR 2.35, 1.19 to 4.62) and
persistent symptoms (OR 1.95, 1.33 to 2.86) were factors
independently associated with increased ambulance use.
Symptom precipitated or aggravated by exercise (OR
0.37, 0.14 to 0.98) was an independent factor associated
with less ambulance use. The model was statistically signif-
icant (p<0.01) with moderate max-rescaled R? (0.19).

DISCUSSION

The first finding in this study was that only 21.6% of the
patients with ACS were transported to the hospital by
ambulance. In 1997 in Tianjin City, Wu et a’' found that
less than 10% patients reached the hospital viaambulance.
Nearly two decades later, there is only a little progress of
activating EMS by patients with ACS presenting to ED
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Ambulance (n=179) Self-transport (n=649) p Value

Chest pain, n (%) 113 (63.1) 398 (61.3)

Pain/discomfort outside chest, n (%) 18 (10.1) 51 (7.9)

Quality of pain, n (%)

Stabbing 14 (12.4) 69 (17.3) 0.21

Burning 8 (7.1) 30 (7.5) 0.87

Sore 1(0.9) 2(0.5) 0.53

Tearing 2(1.8) 3(0.8) 0.31

Angina 9(8.0) 30 (7.5) 0.84

Maximum intensity of pain (scale 0-10), median 6 (5, 8) 5@4,7) <0.01

Associated symptoms, n (%)

Syncope 3(1.7) 6 (0.9) 0.42

Vomiting 24 (13.4) 28 (4.3) <0.01

Dizziness 27 (15.1) 96 (14.8) 0.92

Dyspnoea 17 (9.5) 50 (7.7) 0.44

Nature of main symptom, n (%) <0.01

Persistent 102 (57.3) 236 (36.4)

Deep inspiration/cough 0(0.0) 2(0.3) 1

Tiredness 36 (20.1) 95 (14.6) 0.08

Exercise 5(2.8) 61 (9.4) <0.01

Eating 3(1.7) 12 (1.9) 1

Relieving factors, n (%)

Suxiaojiuxin pills 52 (29.1) 229 (35.3)

o
—
N

Antacids 0(0.0) 0(0.0)

Other 9 (5.0) 36 (5.55) 0.79

(3]
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Table 4 Independent factors associated with choosing or not choosing ambulance in patients with ACS

OR 95% Cl p Value

Marital status

Married Reference

Single (unmarried, divorced, widowed) 1.66 1.07 to 2.57 0.02
Risk factors

Current smoking 1.5 0.94 to 2.41 0.09
Prehospital medications (yes/no)

Suxiaojiuxin pills 1.91 1.31 t0 2.80 <0.01

Nitrates 2.91 1.70 to 4.99 <0.01
Time of presentation

Day (8 am—4 pm) Reference

Evening (4 pm-12 pm) 1.01 0.67 to 1.52 0.28

Night (12 pm-8 am) 1.56 0.97 t0 2.52 0.05
Diagnosis

NSTE-ACS Reference

STEMI 2.43 1.45 t0 4.05 <0.01
Associated symptoms (yes/no)

Vomiting 2:35 1.19 to 4.62 0.01

Sweating 1.36 0.92 to 2.01 0.12
Nature of main symptom (yes/no)

Persistent 1.95 1.33 10 2.86 <0.01
Precipitating and aggravating factors (yes/no)

Exercise 0.37 0.14 10 0.98 0.05
Relieving factors (yes/no)

Nitrates 1.05 0.55 to0 2.00 0.88

Max-rescaled R?=0.19, p<0.01.

ACS, acute coronary syndrome; NSTE-ACS, non-ST-elevation acute coronary syndrome; STEMI, ST-elevation myocardial infarction.

in China. The situation of EMS use around the world is
not optimistic either. Ambulance use rate was reported
as 39.8% and 17% among hospitalised patients with ACS
from Ireland® and the Arab Gulf States” separately, 50.4%
among patients with ACS admitted to intensive cardiac
care unit from Sweden'' and 23% among patients with
chest pain from the USA." In accordance with previous
studies,'” ' we did not find the relationship of gender or
age with ambulance use either. Interestingly, we found
that ambulance-transported patients were more likely to
be single, maybe people who lived by oneself have fewer
transportation options but to call ambulance.'’ Although
there was no statistical significance, we found as previous
studies reported,’ ® "' * patients who called ambulance
were more likely to have prior major cardiovascular
events such as myocardial infarction and heart failure.
What’s more, patients taking Suxiaojiuxin pills or nitrates
before going to the hospital were independent factors
associated with increased ambulance use. Brown et al also
found that patients taking nitroglycerin were more likely
to use EMS. These patients were more likely to believe
that their condition was heart related."” So it suggested
that patients with familiar symptoms or experience with a

heart attack may have a higher confidence in the current
symptoms representing a true event, which encouraged
more EMS use as a valued form of medical care and trans-
port. However, the true reasons why these people tended
to use ambulance were still unknown. Maybe it is because
of after-care teaching at the time of the prior events, which
encouraged EMS use. Future research efforts could focus
on this area.

Typical ACS symptoms are the trigger for patients to
seek medical help. It has previously been shown that
patients will call ambulance if they feel their symptoms
are serious enough.' '*'7 Patients whose symptoms were
sudden, severe and persistent were more likely to use
ambulance than those whose symptoms were gradual
and intermittent,'’ ' %% which was supported in our
study. Besides, we found that symptom accompanied with
vomiting was associated with increased ambulance use, as
was STEMI. These results indicated that the more severe
symptoms patients experienced, the more frequently
they would choose to initiate care by using ambulance.
However, a significant factor associated with not choosing
ambulance was symptom precipitated or aggravated by
exercise. The association between exercise and angina
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or acute myocardial infarction has been well established
in the literature.”® But why patients with symptoms indi-
cating acute heart ischaemia disease chose to present to
the ED by themselves rather than calling ambulance?
Several studies have tried to find the possible reasons.
First, many non-callers claimed that they did not think
their symptoms were severe enough to call an ambulance
or they thought self-transport might be faster.'! 1217 %7
Thuresson et al'’ have shown that 46% of the patients
thought “My way was quicker”, this was probably true
if the patient lived close to a hospital. However, even if
self-transport to the hospital was faster, more rapid care
was obtained when an ambulance was used.® % Second,
fear of false alarm, reluctance to bother or burden the
medical community and other psychosocial factors such
as lack of trust in others have been indicated to be related
to less ambulance use.” * Third, many patients lacked
the knowledge about the benefits of activating EMS, and
even worse, some patients claimed that they did not even
know how to call for an ambulance.” ™'

The decision to call an ambulance without delay in
response to coronary symptoms needs to become as
automatic as calling an ambulance in case of a traffic
accident. However, although previous attempts involving
public education and media campaigns had been taken
to increase the use of the EMS, limited success had been
achieved."”™ Explanations were that the campaign
periods were too short or only very brief information
was given during a limited time. So more detailed public
education, especially a continuous long-term message,
might be an important way of increasing the use of ambu-
lance in patients with ACS . Besides, information about
ACS typical symptoms and atypical symptoms needs to be
included in patient education. Moreover, people need
to be aware that the ambulance is an extended part of
hospital care, with the facilities to start the treatment of
ACS.

Limitations

There are several limitations inherent to this study. First,
the principal limitation is that it is a cross-sectional study,
which may lead to concerns of residual confounding or
bias. Second, since this is a single-centre study, the findings
may not be generalisable to other centres. In addition, we
did not collect data on the cost of ambulance use and
the distance each patient lived from hospital. However,
these limitations do not compromise our observation
that ambulance use among patients with ACS is still quite
underused in China.

CONCLUSIONS

In summary, there is still ambulance underusage among
patients with ACS in China, with only 21.6% of patients
with ACS activated ambulance for transport to hospital
when they had a heart attack. Single, taking Suxiaoji-
uxin pills or nitrates before going to hospital, diagnosed
as STEMI, accompanied with vomiting and persistent

symptoms were influencing factors associated with more
ambulance use, while symptom precipitated or aggravated
by exercise was associated with less ambulance use. The
results in the present study should be considered when
planning educational and information programmes to
increase ambulance use in patients with ACS. Future
education programmes should focus on increasing the
individual’s knowledge of ACS symptoms and the bene-
fits of ambulance use, and healthcare professionals may
need to be aware of the opportunity to inform patients
the severity of heart disease.
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