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Abstract
Objectives  To describe the prehospital and in-hospital 
delays to care and factors associated with the delays 
among patients with ST-segment elevation myocardial 
infarction (STEMI) in non-percutaneous coronary 
intervention (PCI) hospitals in China.
Design, setting and participants  We analysed data from 
a large registry-based quality of care improvement trial 
conducted from 2011 to 2014 among 101 non-PCI hospitals 
in China. A total of 7312 patients with STEMI were included. 
Prehospital delay was defined as time from symptom onset 
to hospital arrival >120 min, first ECG delay as time from 
arrival to first ECG >10 min, thrombolytic therapy delay as 
time from first ECG to thrombolytic therapy >10 min and 
in-hospital delay as time from arrival to thrombolytic therapy 
>30 min. Logistic regressions with generalised estimating 
equations were preformed to identify the factors associated 
with each delay.
Results  The rates of prehospital delay, first ECG delay, 
thrombolytic therapy delay and in-hospital delay were 
67.1%, 31.4%, 85.8% and 67.8%, respectively. Patients who 
were female, older than 65 years old, illiterate, farmers, onset 
during late night and forenoon, had heart rate ≥100 beats/m 
at admission were more likely and patients who had history 
of myocardial infarction, hypertension or SBP <90 mm Hg 
at admission were less likely to have prehospital delay. First 
ECG delay was more likely to take place in patients arriving 
on regular hours. Thrombolytic therapy delay rate was lower 
in patients who had prehospital delay or first ECG delay but 
higher in those with heart rate ≥100 beats/m at admission. 
In-hospital delay rate was lower in patients with a history of 
dyslipidaemia and those who arrived during regular hours.
Conclusion  Chinese patients with STEMI in low medical 
resource areas suffered severe prehospital and in-hospital 
delays to care. Future efforts should be made to improve 
the prehospital delay among vulnerable populations with 
low socioeconomic status.
Trial registration number  NCT01398228; Post-results.

Introduction
Total ischaemic time (time from symptom 
onset to thrombolytic therapy) is an important 
indicator to the prognosis of patients with 
ST-segment elevation myocardial infarction 
(STEMI).1 2 In general, the total ischaemic 

time comprises three consecutive segments. 
The time from symptoms onset to the hospital 
arrival represents the time patients spend to 
respond to the disease onset and seeking 
medical care. The time from hospital arrival 
to having the first electrocardiograph (ECG) 
in hospital represents the time for hospital 
staff’s responses to the patient’s medical 
presentations, and with the first ECG done in 
time the working diagnosis of STEMI could 
be made and appropriate treatments could 
be initiated. The time from diagnosis to treat-
ment represents doctors’ responses to the 
diagnosis of disease. Delay in each segment 
can lead to longer ischaemic time, which 
has been found to be associated with higher 
short-term as well as medium-term to long-
term mortality in previous studies.3–5

Meanwhile, recent studies indicate that 
time delays to care among patients with 
STEMI exist universally, showing a worse 
situation in low-income and middle-income 

Strengths and limitations of this study

►► This study provides insights into the prehospital 
and in-hospital delays to care among patients with 
STEMI in low medical resource areas with a large 
sample from 101 non-percutaneous coronary inter-
vention hospitals across China.

►► The study used prospective data to investigate in-
fluencing factors of first ECG delay and thrombolytic 
therapy delay in patients with STEMI.

►► We could not exclude the influence of patient’s recall 
bias for symptom onset time. However, data were 
collected during patient’s admission within a very 
narrow time after STEMI onset.

►► Survivor bias might exist as patients who were dead 
on arrival or within 10 min of hospital arrival were 
excluded.

►► We did not collect the onset of symptoms and hence 
could hardly study on the possible associations be-
tween the symptoms and the delays to care.

http://bmjopen.bmj.com/
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Figure 1  Study flow diagram of included patients. STEMI, 
ST segment elevation myocardial infarction.

countries than in high-income countries,6–9 such as 
28.7% of patients with acute coronary syndrome (ACS) in 
Germany but two-thirds of patients with STEMI in Brazil 
suffered first ECG delay.7 8 The delays to care in patients 
with STEMI remain great challenges to be overcome 
across all countries.

Till the present times, quite a few studies have tried to 
better understand the reasons behind these delays and 
showed that sociodemographic factors (female gender, 
older age, low educational level), medical histories 
(diabetes, myocardial infarction), ambiguous heart symp-
toms, use of private transport were related to longer delay 
in at least one of the four kinds of time delays.7 10–12 Based 
on these findings, some national or regional programmes 
have been initiated to reduce the delays by targeting at 
controlling these factors, through educational campaigns, 
implementation of prehospital ECG, establishing regional 
collaborative networks, and so on, and these actions have 
turned out to be effective.13–16

However, almost all of those studies focused on prehos-
pital delay and the patients who had access to onsite 
primary percutaneous coronary intervention (PCI) 
procedures. Those evidences have limited value for non-
PCI hospitals in remote areas where fibrinolysis is the 
main reperfusion option for patients with STEMI. There-
fore, the aims of the present study are (A) To describe the 
time delays among patients with STEMI in non-PCI hospi-
tals in China. (B) To identify factors associated to these 
delays. (C) To make suggestions for reducing these delays 
and improving care of patients with STEMI in similar 
settings in China and other countries.

Methods
Study population
We used data of the patients with STEMI from a very 
large registry-based quality of care improvement trial, 
the third phase of the Clinical Pathways for Acute Coro-
nary Syndromes (CPACS-3) in China.17 In brief, patients 
in the CPACS-3 Trial were recruited consecutively from 
101 regional hospitals without the capacity to perform 
onsite PCI between October 2011 and November 2014. 
All patients were over 18 years old and with a final diag-
nosis of ACS at discharge or death. The patients who 
were dead on arrival or within 10 min after hospital 
arrival were excluded. For the present study, we further 
excluded patients whose data of time at either symptoms 
onset, hospital arrival, having the first ECG or receiving 
thrombolytic therapy were missing. From a total 10 294 
patients with STEMI recruited in the CPACS-3 Trial, we 
had 7312 patients analysed with complete data. The study 
flow diagram is shown in figure 1.

All participating patients provided written informed 
consent.

Data collection and verification
A trained hospital staff member, who was not involved in 
the management of patients with ACS, was responsible 

for collecting and entering data into a dedicated web-
based data management system. Data of each patient 
were collected from medical records. The data included 
sociodemographic information, vital signs relating to 
the presenting ACS, medical history, ECG findings, 
biomarker findings, investigations performed, treatments 
administered prior to admission, during hospitalisa-
tion, and at death or hospital discharge, final diagnosis 
and discharge status, major in-hospital clinical events, 
personal insurance status and the total cost of hospitalisa-
tion. Data quality was maintained through independent 
centrally managed in-person and on-line study moni-
toring activities.

Definitions and outcomes
Symptom onset time was defined as when the patient first 
noted ischaemic symptoms lasting ≥10 min;18 hospital 
arrival time was defined as when the patient arrived at 
emergency or outpatient department for help. Prehos-
pital delay was defined as the time from symptoms onset 
to hospital arrival (symptoms onset-to-hospital arrival 
time)>120 min.11 19 20 Most of hospitals without PCI 
facility in China are located in rural areas, where prehos-
pital emergency system is either not existing or is pretty 
weak. The ambulances serve only as transportation vehi-
cles but with no ECG equipment or the results are not 
able to be transmitted back to the hospital. Thrombolytic 
therapy remains an in-hospital practice throughout the 
whole country up to now. Thus, the first ECG delay was 
defined as the time from patient’s arrival at hospital to 
the time the patient had the first ECG done (hospital 
arrival-to-ECG time) >10 min.21 22 The working diagnosis 
of STEMI should had been made by then. The thrombo-
lytic therapy delay was defined as the time when patient 
had the first ECG done to the time the thrombolytic 
therapy was initiated (ECG-to-thrombolytic therapy time) 
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Table 1  Characteristics of included patients

Characteristics
All patients with STEMI 
(n=7312)*

Male, no. (%) 5205 (71.2)

Age, mean (SD), year 63.37 (12.42)

Farmer, no. (%) 4715 (67.2) (n=7013)

Illiteracy, no. (%) 1604 (27.7) (n=5799)

Medical insurance, no. (%) 5140 (94.1) (n=5462)

Cardiovascular risk factors

 � Current smoking, no. (%) 2488 (34.7) (n=7170)

 � Hypertension, no. (%) 4588 (62.8)

 � Dyslipidaemia, no. (%) 279 (3.8)

 � Diabetes, no. (%) 851 (11.6)

Cardiovascular disease history

 � Myocardial infarction, no. (%) 460 (6.3)

 � Angina, no. (%) 805 (11.0)

 � Stroke, no. (%) 635 (8.7)

 � TIA, no. (%) 111 (1.5)

 � Heart failure, no. (%) 160 (2.2)

Symptom onset time

 � 00:00–05:59, no. (%) 1315 (18.0)

 � 06:00–11:59, no. (%) 2681 (36.7)

 � 12:00–17:59, no. (%) 1896 (25.9)

 � 18:00–23:59, no. (%) 1420 (19.4)

Vital signs at admission

 � SBP <90 mm Hg, no. (%) 407 (5.6) (n=7252)

 � Heart rates ≥100 beats/min, no. 
(%)

832 (11.6) (n=7192)

*Total numbers are shown for variables for which data were not 
completely reported.
SBP, systolic blood pressure; STEMI, ST segment elevation 
myocardial infarction; TIA, transient ischaemic attack.

>10 min.21 In-hospital delay was defined as the time from 
hospital arrival to the time the thrombolytic therapy was 
initiated (hospital arrival-to-thrombolytic therapy time) 
>30 min.23

Statistical analysis
The baseline characteristics of our study patients were 
described as percentages for categorical variables and 
means with SDs for continuous variables. Wilcoxon tests 
were adopted for comparison of the time durations and 
Pearson χ2 tests for the comparison of proportions between 
thrombolytic therapy patients and non-thrombolytic 
therapy patients. Logistic regressions with generalised 
estimating equations were used to explore the associates 
of the time delays (prehospital delay, first ECG delay, 
thrombolytic therapy delay, in-hospital delay), with an 
exchangeable correlation structure to account for clus-
tering effect within hospitals.24 Covariates in multivariate 
analyses were selected based on clinical and sociodemo-
graphic interests and the results of univariate analyses. 
Missing data of covariates (all categorical variables) were 
handled as separated groups in multivariate analyses. We 
used SAS V.9.4 (SAS Institute, Cary, North Carolina, USA) 
to perform data analyses. The significant level α was set 
at 0.05.

Patient and public involvement
No patients but government officers who were respon-
sible for hospital management were involved in the 
CPACS-3 study design.

Results
The characteristics of the included patients are 
summarised in table 1. Their ages range from 19 years to 
102 years and the mean age is 63.4 years. Most patients 
were male (71.2%), more than half were farmers (67.2%) 
and almost all were covered by medical insurance 
(94.1%). Almost a third of them were illiterate. The vital 
signs, cardiovascular risk factors and history of cardiovas-
cular diseases are shown in table 1.

The delays to care
For all patients with STEMI, 67% had experienced 
prehospital delay and 31% experienced first ECG delay. 
The patients receiving thrombolytic therapy had signifi-
cantly less prehospital and first ECG delays, compared 
with patients not receiving therapy. Among the patients 
receiving thrombolytic therapy, 86% initiated treatment 
after 10 min of the first ECG and 68% after 30 min of 
arrival at hospital.

Whether patients received thrombolytic therapy or not, 
symptoms onset-to-arrival time was the dominant time 
segment, accounting for two-thirds of the total ischaemic 
time among those who received thrombolytic therapy. 
Patients who did not receive thrombolytic therapy 
suffered more than twice the symptoms onset-to-arrival 

time as their counterparts who received thrombolytic 
therapy (See table 2).

Factors associated with the delays
A number of patient-level factors were associated with 
prehospital delay. The patients who were female, order 
than 65 years, illiterate, farmers, symptom onset during 
00:00–05:59 and 06:00–11:59, with a faster heart rate 
were more likely to experience prehospital delay. While, 
patients who had a history of myocardial infarction or 
hypertension, with a cardiac shock at presentation were 
less likely to experience prehospital delay (table 3).

Few patient-level factors were found to be associated 
with first ECG delay, thrombolytic therapy delay and 
in-hospital delay. Only patients who arrived at regular 
hours independently associated with higher first ECG 
delay rate. The first ECG delay decreased during the 
study period (table 3).
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Table 2  Time duration and delay in different segments from onset to care among patients with STEMI (min)

All patients with 
STEMI

Thrombolytic 
therapy patients

Non-thrombolytic 
therapy patients P value*

Symptoms onset-to-arrival time

 � Time duration, median (IQR) 210 (110–660) 140 (70–240) 360 (130–1364) <0.01

 � Delay, % (no. of cases/total number) 67.1 (4903/7312) 54.6 (1669/3057) 76.0 (3234/4255) <0.01

Arrival-to-ECG time

 � Time duration, median (IQR) 5 (0–17) 4 (0–10) 6 (0–24) <0.01

 � Delay, % (no. of cases/total number) 31.4 (2299/7312) 23.6 (722/3057) 37.1 (1577/4255) <0.01

ECG-to-thrombolytic therapy time

 � Time duration, median (IQR) – 38 (20–65) – –

 � Delay, % (no. of cases/total number) – 85.8 (2623/3057) – –

Arrival-to-thrombolytic therapy time

 � Time duration, median (IQR) – 47 (27–80) – –

 � Delay, % (no. of cases/total number) – 67.8 (2072/3057) – –

Total time

 � Time duration, median (IQR) 260 (145–710)† 210 (135–320) 395 (157–1419)‡ –

*Comparison between thrombolytic therapy patients and non-thrombolytic therapy patients.
†Representing symptoms onset-to-thrombolytic therapy time among those who received thrombolytic therapy but symptoms onset-to-ECG 
time among those who did not receive thrombolytic therapy.
‡Representing onset-to-ECG time.
STEMI, ST-segment elevation myocardial infarction.

Thrombolytic therapy delay was less likely to take place 
among patients who experienced prehospital delay or 
first ECG delay. Patients who presented with faster heart 
rate were more likely to experience a delay in thrombo-
lytic therapy (table 3).

Patients arriving at regular hours and with history of 
dyslipidaemia were less likely to have in-hospital delay 
(table 3).

Association of receiving thrombolytic therapy with prehospital 
delay and first ECG delay
Patients who suffered prehospital delay or first ECG 
delay were less likely to receive thrombolytic therapy 
at the hospital. Even further adjusting for potential 
confounders, prehospital delay and first ECG delay sepa-
rately linked to 32% and 28% reductions of receiving 
thrombolytic therapy among our patients (table 4).

Discussion
Main results
In the present study, we found that two-thirds of patients 
with STEMI in non-PCI hospitals in China had prehospital 
delay after disease onset while seeking medical care; and 
about a third of them had their first ECG delayed after 
they arrived at hospitals, according to the criteria from 
European Society of Cardiology (ESC) and American 
College of Cariology (ACC)/American Heart Associa-
tion (AHA) guidelines or previous research.11 19 20 Among 
patients who received thrombolytic therapy, as high as 
86% of them had treatment delayed according to the new 

criteria of ESC (time from ECG to thrombolytic therapy 
>10 min)21 and 68% had treatment delayed according to 
the old criteria,23 that is, after 30 min of hospital arrival.

Compared with patients with STEMI from large 
medical centres in metropolitan areas of China11 and 
other developed countries,12 25 where the median symp-
toms onset-to-arrival time was about 113–150 min, the 
median time found in our study was much longer, about 
210 min. But our results were similar to those reported in 
the Middle East9 and shorter than those in India.26 The 
first ECG delay in our study was much better than that in 
Brazil (67%)7 and India (55%)6 but worse than that in 
developed countries like Japan (18.4%)27 and Germany 
(28.7%).8 As previous studies including ours have demon-
strated significant association of ischaemic time with 
short-term and long-term mortality among patients with 
STEMI, our findings in this study highlighted the urgent 
need to reduce delays to care for patients with STEMI in 
similar settings in China and other developing countries.

Our further analyses showed that prehospital and first 
ECG delays were significantly associated with the risk of 
not receiving thrombolytic therapy. In fact, only 43% of 
our study patients received thrombolytic therapy. Since 
these patients admitted to non-PCI hospitals of China 
often lived far away from large tertiary medical centres 
equipped with PCI facilities, thrombolytic therapy was the 
only revascularisation treatment they could have in the 
first line. Reducing the prehospital and first ECG delays 
should have great potential to permit more patients 
with thrombolytic therapy, which in turn will save many 
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Table 3  Multivariate analyses of factors associated with prehospital delay, first ECG delay, thrombolytic therapy delay and 
in-hospital delay, using logistic regression with generalised estimating equations

Prehospital delay
(n=7312)

First ECG delay
(n=7312)

Thrombolytic 
therapy delay 
(n=3057)

In-hospital delay
(n=3057)

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

Female 1.20 (1.05 to 1.38) 1.03 (0.90 to 1.18) 1.07 (0.80 to 1.43) 0.97 (0.80 to 1.16)

≥65 years old 1.54 (1.37 to 1.73) 1.04 (0.92 to 1.18) 0.97 (0.77 to 1.23) 1.11 (0.94 to 1.31)

Illiteracy 1.44 (1.17 to 1.77) 1.12 (0.92 to 1.35) 0.86 (0.59 to 1.25) 1.03 (0.78 to 1.35)

Farmer 1.61 (1.36 to 1.90) 1.02 (0.85 to 1.23) 1.21 (0.90 to 1.63) 1.03 (0.80 to 1.34)

Medical insurance 1.14 (0.73 to 1.79) 1.21 (0.88 to 1.67) 0.69 (0.32 to 1.45) 0.82 (0.49 to 1.38)

Current smoking 1.00 (0.86 to 1.15) 0.90 (0.74 to 1.09) 1.07 (0.81 to 1.42) 1.08 (0.84 to 1.39)

History of disease, %

 � Myocardial infarction 0.67 (0.52 to 0.87) 1.20 (0.94 to 1.53) 1.16 (0.70 to 1.92) 1.19 (0.80 to 1.78)

 � Angina 0.91 (0.78 to 1.06) 0.82 (0.67 to 1.00) 0.84 (0.60 to 1.17) 0.82 (0.59 to 1.14)

 � Stroke 1.19 (0.99 to 1.42) 0.92 (0.74 to 1.14) 1.30 (0.83 to 2.03) 1.32 (0.92 to 1.88)

 � Heart failure 1.25 (0.84 to 1.88) 0.95 (0.64 to 1.41) 0.74 (0.24 to 2.25) 1.09 (0.37 to 3.22)

 � TIA 0.68 (0.45 to 1.05) 1.01 (0.56 to 1.82) 1.06 (0.46 to 2.42) 0.63 (0.31 to 1.28)

 � Diabetes 0.98 (0.85 to 1.13) 1.00 (0.84 to 1.18) 1.19 (0.86 to 1.64) 1.26 (0.94 to 1.68)

 � Hypertension 0.89 (0.79 to 0.99) 1.01 (0.90 to 1.14) 1.03 (0.83 to 1.29) 1.04 (0.89 to 1.22)

 � Dyslipidaemia 1.04 (0.80 to 1.35) 1.03 (0.74 to 1.43) 0.68 (0.40 to 1.15) 0.62 (0.40 to 0.97)

 � Time cycles (every 6 months) 0.97 (0.91 to 1.05) 0.87 (0.76 to 0.99) 1.01 (0.87 to 1.17) 0.99 (0.84 to 1.15)

Symptom onset time

 � 00:00-05:59 2.04 (1.80 to 2.32) – – –

 � 06:00-11:59 1.47 (1.28 to 1.68) – – –

 � 12:00-17:59 Ref – – –

 � 18:00-23:59 1.00 (0.89 to 1.13) – – –

Vital signs at admission

 � SBP <90 mm Hg 0.57 (0.46 to 0.71) 0.78 (0.59 to 1.04) 0.85 (0.56 to 1.28) 0.86 (0.60 to 1.24)

 � Heart rates ≥100 beats/min 1.71 (1.48 to 1.99) 1.05 (0.90 to 1.23) 1.61 (1.04 to 2.50) 1.35 (0.94 to 1.96)

 � Arrived at regular hours – 1.12 (1.00 to 1.25) 0.94 (0.77 to 1.15) 0.81 (0.68 to 0.96)

 � Prehospital delay – 1.14 (0.99 to 1.32) 0.78 (0.64 to 0.95) 0.86 (0.73 to 1.02)

 � First ECG delay – – 0.56 (0.41 to 0.78)

 � CPACS-3 intervention* 1.08 (0.86 to 1.36) 0.78 (0.51 to 1.18) 1.03 (0.65 to 1.63) 0.73 (0.47 to 1.13)

The results of univariate analyses of four kinds of delays are shown in online supplementary table 1.
*The intervention of the third phase of the Clinical Pathways for Acute Coronary Syndromes Study.
CPACS-3, Third phase of the Clinical Pathways for Acute Coronary Syndrome; SBP, systolic blood pressure; TIA, transient ischaemic attack.

more lives in these remote areas. In our study, half of the 
patients not receiving thrombolytic therapy arrived at 
the hospital beyond 6 hours after their disease onset and 
hence lost the best opportunity to receive treatment. If 
the median time could be reduced to 3 hours, probably 
most of these patients would still have a chance for throm-
bolytic therapy.

The study on the factors associated with the delays 
to care could help find solutions to reduce delays. Like 
previous studies, the symptoms onset-to-door time took 
the most part of the total ischaemic time, and we should 
pay more attention towards reducing prehospital delay. In 
our study, patients who were older than 75 years, illiterate 

and farmers were found more likely to have prehospital 
delay. This implies that efforts should be made to improve 
medical access for vulnerable patients with low socioeco-
nomic status.

A recent study among Indian patients with STEMI 
supporting our findings found that the difficulty in 
arranging for money was an important factor leading to 
prehospital delay.6 Furthermore, elderly and illiterate 
patients might misinterpret the symptoms of STEMI 
as symptoms of ageing, aggravating their prehospital 
delays.20

Our findings that women were more likely to have 
prehospital delays among patients with STEMI have been 

https://dx.doi.org/10.1136/bmjopen-2019-031918
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Table 4  Association of receiving thrombolytic therapy with prehospital delay and first ECG delay

Thrombolytic therapy rate (%)
(no. of cases/total number) Crude RR* (95% CI) Adjusted RR† (95% CI)

Prehospital delay

 � Yes 34.0 (1669/4903) 0.62 (0.58 to 0.67) 0.68 (0.64 to 0.73)

 � No 57.6 (1388/2409)

First ECG delay

 � Yes 31.4 (722/2299) 0.71 (0.66 to 0.76) 0.72 (0.66 to 0.78)

 � No 46.6 (2335/5013)

*Crude RR calculated from logistic regression with the generalised estimating equations (GEE) model only included prehospital delay and first 
ECG delay.
†Further adjusted for sex, age, education level, occupation, medical insurance, current smoking, histories of myocardial infarction, angina, 
stroke, heart failure, transient ischaemic attack, diabetes, hypertension, dyslipidaemia, time cycles (every 6 months), vital signs at admission, 
arrived at regular hours, third phase of the Clinical Pathways for Acute Coronary Syndrome (CPACS-3) intervention.
RR, risk ratio.

reported in previous studies.9 11 20 28 29 Possible expla-
nations include women suffering more atypical symp-
toms,30 31 the women-discriminating culture and lower 
socioeconomic status,32 more sympathy that prevents 
women from troubling anyone33 and so on.

Patients with a history of myocardial infarction, hyper-
tension or presenting with shock at admission were found 
less likely to have prehospital delay. We believe this is 
because these patients had more knowledge of myocardial 
infarction and realised the importance of in-time medical 
rescue. We believe that patients who presented with shock 
at admission were found less likely to have prehospital 
delay due to the severity of the symptoms, which alarmed 
the patient, family members or a companion, and that 
helped access to medical care in time. In contrast, we 
believe that patients who presented with tachycardia at 
admission were more likely to have prehospital delay 
probably because of an inverse causal relationship, that 
is, the tachycardia was a result of prehospital delay.

Similar to previous studies,6 11 12 we also found patients 
who suffered prehospital delay had their symptom onset 
mostly during 00:00 to 05:59. Most people are in sleep 
during this time, and most patients would not want to 
bother others at this time if they believed the disease was 
not severe. Those patients might be prone to going to 
hospital the next day, avoiding troublesome visits late 
at night. The phenomenon might be exaggerated by 
the fact that the most of our study patients were living 
in rural areas. The barriers for patients living in rural 
areas seeking medical service include long distance, poor 
transport facilities and cost concerns. The evidence that 
patients who had shorter symptoms onset-to-door time 
had less stroke or heart failure history supported this 
explanation to some extent.

Because the first ECG delay reflects more medical staff’s 
rather than patients’ responses to the disease, no patient 
side factor was found associated with the first ECG delay 
in our study. But first ECG delay was found more likely 
to take place in patients arriving during regular hours. 
The same results were also found among patients with 

non ST-segment elavation -ACS in the Can Papid Risk 
Stratification of Unstable Angina Patients Supress Advers 
Outcomes with Early Implementation of the ACC/AHA 
Guidelines (CRUSADE) Quality Improvement Initiative 
Study.34 Although the reasons are still unknown, this 
relationship may reflect the competition for medical 
resources by routine clinical patients who rush to hospi-
tals for care. In China, taking an appointment for care is 
not a common practice.

The recent Strategic Reperfusion Early After Myocar-
dial Infarction (STREAM) Trial demonstrated that 
thrombolytic therapy (median time from randomi-
sation to bolus recorded was 9 min) was as effective as 
primary PCI beyond 1 hour among patients with STEMI 
who presented within 3 hours after symptom onset.35 
Based on the results from the STREAM Trial, the Euro-
pean Society of Cardiology recommended the time from 
STEMI diagnosis to the start of fibrinolysis to be within 
10 min.21 According to the new ESC guidelines, only 
14% of patients who received fibrinolysis achieved the 
10 min target in our study. Even using the old criteria 
(in-hospital time >30 min), only 32% of patients received 
thrombolytic therapy without delay. We consider this 
new ESC target time may be ideal but quite unrealistic 
in rural China now, considering there are many barriers 
that prevent initiating thrombolytic therapy in such a 
short time. Particularly, the new type of fibrinolytic agent 
(tenecteplase), used in the STREAM Trial, is not available 
in China yet. Hopefully, the ECG-to- thrombolytic therapy 
time can be shortened as the recombinant human TNK 
tissue-type plasminogen activator has been approved by 
China FDA recently, which is applied in the bolus at once 
and is easy to administer. Meanwhile, due to the possible 
severe bleeding, the informed patient consent often takes 
a long time, particularly when the doctor-patient relation-
ship is not good and the medical insurance cannot cover 
the entire costs.

One of the interesting findings from our study was that 
among patients receiving thrombolytic therapy, treat-
ment delay was lower in patients who had prehospital 
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delay or first ECG delay, reflecting the medical team’s 
‘time catch-up’ effort after the patient had a confirmed 
STEMI diagnosis by ECG examination. Physicians were 
apt to react more rapidly to make up previous delays, 
as the effects of the treatment are time-dependent. 
Nevertheless, we should understand that the physicians’ 
‘catch-up effect’ only had limited value for shortening 
total ischaemic time (see online supplementary tables 
2–4), as the major segment was the symptoms onset-to-
hospital arrival time. More emphases should be put onto 
reducing prehospital delay.

Our analysis of factors associated with in-hospital delay 
showed that arrival during regular hours was negatively 
associated with the risk of in-hospital delay. We believe 
the results indicate that physicians at regular hours have 
better capability to ’catch up’ the preceding delays once 
the diagnosis of STEMI has been made.

Another finding was that even with no access to PCI, 
only half of the eligible patients (51%) received throm-
bolytic therapy. A previous study also reported low 
thrombolytic therapy rate (56.1%, 2011) among eligible 
patients with STEMI in non-PCI centres in China.36 This 
implies there were other hurdles for patients receiving 
thrombolytic treatment besides prehospital delay. 
The possible explanations include doctors’ concerns/
worries on patient safety/adverse events, inadequate 
or no healthcare insurance to cover the cost and the 
waiting time for the direct family members to agree and 
sign the informed consent for initiating thrombolytic 
therapy.

Strengths and limitations
The strengths of our study include: (1) A large sample 
from non-PCI hospitals across China. The results could 
be extended to other places in China and the world with 
the similar settings. (2) The data were collected prospec-
tively, under strict supervision by an experienced project 
management team and a steering committee composed 
of international expertise in cardiology, epidemiology 
and biostatistics.

The present study also has several limitations. First, we 
could not exclude the influence of patient’s recall bias 
for symptom onset time. However, data were collected 
during patient’s admission within a very narrow time after 
symptom onset. Second, we are not 100% sure about the 
accuracy of the diagnosis of STEMI in our study. We did 
not collect the patient’s original ECG file for further inde-
pendent validation of the diagnoses. Since the CPACS-3 
Study had professional project management with both 
on-line and on-site data monitoring, we believe incor-
rect diagnosis for STEMI should be minimum. Another 
limitation is that survivor bias might exist as patients who 
were dead on arrival or within 10 min of hospital arrival 
were excluded. Additionally, we did not collect data on 
the onset of symptoms and hence could hardly study the 
possible associations between the onset of symptoms and 
the prehospital delay to care.

Conclusions
In conclusion, the present study demonstrated that 
patients with STEMI in non-PCI hospitals in China 
suffered severe time delays to care. Among the four types 
of delay, prehospital delay should be emphasised although 
the other three still have room for improvement. Efforts 
should be made in future to improve prehospital delay 
among vulnerable populations with low socioeconomic 
status.

Implication
Establishment of a prehospital rescue system facilitated 
with ECG examination and results transmission equip-
ment as well as population-wide health education of 
seeking medical care in time and chest pain might offer 
solutions to improve the current clinical practice and 
enhance the quality of care among patients with STEMI.
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