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ABSTRACT

OBJECTIVE To describe the duration of the pre-hospital delay time and identify factors associated with prolonged pre-hospital
delay in patients with acute myocardial infarction (AMI) in China.

METHODS Data were collected from November 2014 to December 2019 as part of the Improving Care for Cardiovascular Dis-
ease in China-Acute Coronary Syndrome (CCC-ACS) project. A total of 33,386 patients with AMI admitted to the index hospitals
were included in this study. Two-level logistic regression was conducted to explore the factors associated with the pre-hospital
delay and the associations between different pre-hospital delay and in-hospital outcomes.

RESULTS  Of the 33,386 patients with AMI, 70.7% of patients arrived at hospital > 2 h after symptom onset. Old age, female, ru-
ral medical insurance, symptom onset at early dawn, and non-use of an ambulance predicted a prolonged pre-hospital delay (all
P < 0.05). Hypertension and heart failure at admission were only significant in predicting a longer delay in patients with ST-seg-
ment elevation myocardial infarction (STEMI) (all P < 0.05). A pre-hospital delay of > 2 h was associated with an increased risk of
mortality [odds ratio (OR) = 1.36, 95% CI: 1.09-1.69, P = 0.006] and major adverse cardiovascular events (OR = 1.22, 95% CI: 1.02-
1.47, P=0.033) in patients with STEMI compared with a pre-hospital delay of <2 h.

CONCLUSIONS Prolonged pre-hospital delay is associated with adverse in-hospital outcomes in patients with STEMI in China.
Our study identifies that patient characteristics, symptom onset time, and type of transportation are associated with pre-hospital
delay time, and provides focuses for quality improvement.

arly invasive strategies are the key to im-

proving the survival of patients with acute

myocardial infarction (AMI)."* Previous
attention focused on door-to-balloon (DTB) time has
resulted in significant improvements; however, sev-
eral studies have confirmed that mortality is strongly
correlated with the total ischemic time and less so with
the DTB interval.” As the longest component of isch-
emic time, the pre-hospital delay from symptom on-
set to admission is an important point of focus.”” A pr-
evious study showed that the benefit of a short DTB
time was restricted to patients who presented early.”
These results suggest that although it is imperative
to minimize the DTB time as an inseparable part of

© 2022 JGC All rights reserved; www.jgc301.com

the ischemic time, the importance of shortening the
pre-hospital delay should not be ignored.

Several studies reported the duration of the pre-hos-
pital delay and examined the factors associated with
the prolonged pre-hospital delay. These studies showed
notable differences in the lengths of pre-hospital delay
among different countries.*” According to data from
the Global Registry of Acute Coronary Events study,
the pre-hospital delay of patients with ST-segment
elevation myocardial infarction (STEMI) was shor-
test in Australia/New Zealand (median: 2.2 h) and
longest in Argentina and Brazil (median: 4.0 h)."" In
China, the China PEACE (China Patients-Centered
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Evaluative Assessment of Cardiac Events) study re-
ported an average time to hospital of 4.0 h for AMI,
and certain factors, such as rural medical insurance,
failure to recognize symptoms as cardiac, and a low
household income, were associated with a longer pre-
hospital delay."! However, the latest national study
about the scenario of pre-hospital delay in China was
conducted from 2012 to 2014."" An up-to-date eval-
uation of pre-hospital delay in patients with AMI in
China is warranted. In addition, the pathological pro-
cess of patients with non-ST-segment elevation myo-
cardial infarction (NSTEMI) is different as compa-
red with STEM], but few studies have explored the
clinical outcomes of the prolonged pre-hospital delay
in NSTEMI patients.

Using nationwide data from the Improving Care
for Cardiovascular Disease in China-Acute Coronary
Syndrome (CCC-ACS) project, we herein provide an
up-to-date estimation of the pre-hospital delay time;
explore the factors associated with the pre-hospital
delay; and investigate the association between the pre-

hospital delay and in-hospital outcomes among pa-
tients with STEMI and patients with NSTEMI in China.

METHODS

Study Design and Population
The CCC-ACS project is a nationwide quality impro-

vement registry program that focuses on improving
the quality of care for patients with acute coronary
syndrome (ACS). As a collaborative initiative of the
American Heart Association and the Chinese Society
of Cardiology, 150 tertiary hospitals participated from
2014 to 2015, and 82 secondary hospitals and 9 ter-
tiary hospitals further participated from 2017 to 2018.
Every month, the first 20-30 patients with ACS and
10-20 patients with ACS were recruited consecutiv-
ely from tertiary hospitals and secondary hospitals,
respectively. Detailed information about the design
and methodology of the program have been published
previously."” From November 2014 to December
2019, 94,623 patients with AMI were registered based
on the principal discharge diagnosis. Only directly adm-
itted patients within 24 h of symptom onset were inc-
luded in this study. The flowchart of participant in-
clusion and exclusion is shown in Figure 1. The project
is registered at ClinicalTrials.gov (NCT02306616) and
was approved by the Institutional Review Board of
Beijing Anzhen Hospital, Capital Medical University,
Beijing, China (No0.2014018), with a waiver for infor-
med consent.

Data Collection

Clinical data were obtained from patients” medical
records. To ensure the accuracy of the reported data,
around 5% of reported cases were randomly selec-
ted for validation of the original medical records by

December 2019 (n = 94,623)

Patients with acute myocardial infarction from the Improving
Care for Cardiovascular Disease in China-Acute Coronary
Syndrome (CCC-ACS) project between November 2014 and

Excluded: transferred in
(n =40,970)

! Excluded: symptom onset E
i to admission exceed 24 h
1 (n=9613)

i Excluded: no documented
| time of symptom onsetor |
© hospital arrival (n = 10,654)

A total of 33,386 acute myocardial infarction
patients were included in this study

A4

ST-segment elevation myocardial
infarction patients (1 = 24,334)

Non-ST-segment elevation myocardial
infarction patients (1 = 9052)

Figure1 Flowchart of the screening process for the selection of eligible participants.
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third-party research associates, and the medical re-
cord abstraction achieved an accuracy of over 95%.

Study Variables

Patient characteristics included demographics (age,
sex, marriage, and medical insurance), risk factors (hyp-
ertension, diabetes mellitus, elevated low-density lipo-
protein cholesterol, smoking, and renal insufficiency),
disease history [heart failure (HF), atrial fibrillation,
stroke/transient ischemic attack, and coronary heart
disease (CHD)], symptom onset time (onset at early
dawn and onset at working time), severe clinical condi-
tions at admission (HF, cardiogenic shock, and card-
iac arrest), and transportation by ambulance. Hospital
characteristics included hospital grade, regional econ-
omic level, and geographic area. Early revasculariz-
ation therapies included fibrinolysis and primary per-
cutaneous coronary intervention for STEMI and timely
percutaneous coronary intervention for NSTEMI. At
the same time, we also summarize the definitions of
these variables (supplemental material, Table 1S).

The duration of pre-hospital delay was defined as
the time from symptom onset to hospital arrival, which
was retrieved by reviewing patients’ medical records.
A delay of > 2 h was defined as a prolonged pre-hospi-
tal delay, to keep consistency with previous studies.""""

In-hospital outcomes included major adverse cardi-
ovascular events (MACEs) during hospitalization and
mortality. MACEs were defined as a combination of ca-
rdiac death, re-infarction, and stroke.

Statistical Analysis

Variables are described as mean * SD or median
(interquartile range) for continuous variables or counts
(percentages) for categorical variables, and were com-
pared with the independent Student’s #test, the Mann-
Whitney U test, or the Pearson’s chi-squared test. Two-
level logistic regression models (patient-level and hos-
pital-level) were used to account for clustering of pati-
ents within hospitals to determine the predictors of pro-
longed pre-hospital delay and explore the in-hospi-
tal outcomes of patients with AMI with different pre-
hospital delays. The potential factors influencing the
prolonged pre-hospital delay in the two-level model
were selected based on the univariable analysis (P <
0.05). The confounding factors adjusted in the mul-
tivariable analysis of the association between pre-ho-

278

spital delay and in-hospital outcomes included all pa-
tient characteristics listed in Table 1, as well as early
revascularization therapies. The proportion of pati-
ents with missing data and the strategies used to man-
age missing data are described and summarized in
detail (supplemental material, Table 2S). R software
(version 3.6.2, http:/ /www.R-project.org) and Stata
software (version 14.0; Stata, College Station, TX, USA)
were used for data analysis. Two-sided P-value < 0.05
were considered statistically significant.

RESULTS

A total of 33,386 patients with AMI from 241 hos-
pitals in China with pre-hospital delay information,
including 24,334 STEMI patients and 9052 NSTEMI
patients, were enrolled in the overall sample (Figure 1).

Distribution of Pre-hospital Delay

The median pre-hospital delay of patients with AMI
was 3.3 (1.6-7.0) h. The median pre-hospital delay of
NSTEMI patients was longer than that of STEMI pa-
tients [4.2 (2.0-9.5) h vs. 3.0 (1.5-6.0) h]. Overall, 70.7%
of patients with AMI arrived at hospital = 2 h after
symptom onset (69.1% for STEMI and 75.0% for NST-
EMI), and 30.2% of patients with AMI presented for
medical care more than 6 h after symptom onset (26.6%
for STEMI and 40.1% for NSTEMI) (Figure 2).

Patient and Hospital Characteristics by Duration
of Pre-hospital Delay

The characteristics across different pre-hospital de-
lay groups are summarized in Table 1. Patients with
a longer pre-hospital delay were older and more likely
to be female, while those with a shorter pre-hospital
delay were more likely transported by ambulance;
however, an ambulance was used in less than 20% of
cases in both groups (Table 1). Hospital characteristics,
such as a higher hospital grade, were associated with
a longer time from symptom onset to admission, and
the median delay was longest in regions with a less
developed economy and in Northwest China (Table 1
and supplemental material, Table 3S).

Factors Associated with Pre-hospital Delay

In patients with STEMI, age > 65 years [odds ra-
tio (OR) =1.26, 95% CI: 1.19-1.35, P< 0.001], female (OR =

http:/ /www jgc301.com; jgc@jgc301.com
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Table1l Characteristics of patients with ST-segment elevation myocardial infarction and non-ST-segment elevation myocardial inf-

arction with different pre-hospital delay.

ST-segment elevation myocardial infarction

Non-ST-segment elevation myocardial infarction

Characteristics
<2h (n=7509) 22h (n=16,825) <2h (n=2267) 22h (n=6785)
Demographics
Age, yrs 60.9 £12.6 62.8£12.7 65.0 £12.9 65.8+12.4
Female 1376 (18.3%) 3933 (23.4%) 616 (27.2%) 2061 (30.4%)
Marriage 7061 (94.0%) 15,770 (93.7%) 2129 (93.9%) 6361 (93.8%)
Medical insurance
Urban insurance 4961 (66.1%) 10,216 (60.7%) 1529 (67.4%) 4339 (63.9%)
Rural insurance 1119 (14.9%) 3229 (19.2%) 406 (17.9%) 1305 (19.2%)
Self-paid 757 (10.1%) 1839 (10.9%) 197 (8.7%) 653 (9.6%)
Other insurance 672 (8.9%) 1541 (9.2%) 135 (6.0%) 488 (7.2%)
Risk factors
Hypertension 4818 (64.2%) 11,076 (65.8%) 1715 (75.7%) 5099 (75.2%)
Elevated low-density lipoprotein cholesterol 6679 (88.9%) 14,957 (88.9%) 1895 (83.6%) 5746 (84.7%)
Diabetes mellitus 1963 (26.1%) 4414 (26.2%) 746 (32.9%) 2213 (32.6%)
Renal insufficiency 1196 (15.9%) 2888 (17.2%) 524 (23.1%) 1481 (21.8%)
Smoking 3597 (47.9%) 7389 (43.9%) 783 (34.5%) 2367 (34.9%)
Disease history
Heart failure 60 (0.8%) 164 (1.0%) 111 (4.9%) 329 (4.8%)
Atrial fibrillation 123 (1.6%) 271 (1.6%) 90 (4.0%) 293 (4.3%)
Stroke/ Transient ischemic attack 562 (7.5%) 1381 (8.2%) 247 (10.9%) 762 (11.2%)
Previous coronary heart disease 739 (9.8%) 1390 (8.3%) 425 (18.7%) 1262 (18.6%)
Symptom onset time
Onset at early dawn 1306 (17.4%) 4291 (25.5%) 448 (19.8%) 1777 (26.3%)
Onset at working time 2218 (29.5%) 4331 (25.7%) 607 (26.8%) 1648 (24.3%)
Severe clinical conditions at admission
Heart failure 359 (4.8%) 909 (5.4%) 174 (7.7%) 536 (7.9%)
Cardiogenic shock 359 (4.8%) 582 (3.5%) 54 (2.4%) 114 (1.7%)
Cardiac arrest 215 (2.9%) 281 (1.7%) 30 (1.3%) 51 (0.8%)
Transported by ambulance 1362 (18.1%) 1867 (11.1%) 253 (11.2%) 398 (5.9%)
Hospital grade
Secondary hospital 1208 (16.1%) 2049 (12.2%) 479 (21.1%) 1226 (18.1%)
Tertiary hospital 6301 (83.9%) 14,776 (87.8%) 1788 (78.9%) 5559 (81.9%)
Regional economic level
Low 742 (9.9%) 1988 (11.8%) 159 (7.0%) 623 (9.2%)
Medium-low 1886 (25.1%) 4031 (24.0%) 560 (24.7%) 1329 (19.6%)
Medium-high 1707 (22.7%) 3673 (21.8%) 713 (31.5%) 1890 (27.9%)
High 3174 (42.3%) 7133 (42.4%) 835 (36.8%) 2943 (43.4%)
Geographic area
North China 2026 (27.0%) 3635 (21.6%) 695 (30.7%) 1791 (26.4%)
South China 775 (10.3%) 1399 (8.3%) 220 (9.7%) 476 (7.0%)
Southwest 505 (6.7%) 1070 (6.4%) 147 (6.5%) 420 (6.2%)
Northeast 1050 (14.0%) 2745 (16.3%) 235 (10.4%) 866 (12.8%)
East China 2042 (27.2%) 4975 (29.6%) 651 (28.7%) 2225 (32.8%)
Central China 710 (9.5%) 1838 (10.9%) 241 (10.6%) 732 (10.8%)
Northwest 401 (5.3%) 1163 (6.9%) 78 (3.4%) 275 (4.1%)

Data are presented as means + SD or n (%).
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(A) ST-segment elevation myocardial infarction
20% -

Median (interquartile range):

15% 1 3.0 (1.5-6.0) h

10% -

Percentage

5% A

0 2 4 6 8 1012 14 16 18 20 22 24
Pre-hospital delay, h

Percentage

(B) Non-ST-segment elevation myocardial infarction
15%

Median (interquartile range):

10% | 42(20-95)h

5% A

0 2 4 6 8 1012 14 16 18 20 22 24
Pre-hospital delay, h

Figure2 Distribution of pre-hospital delay time in patients hospitalized with ST-segment elevation myocardial infarction (A) and non-

ST-segment elevation myocardial infarction (B).

1.22,95% CI: 1.13-1.32, P< 0.001), rural medical insur-
ance compared to urban medical insurance (OR =1.49,
95% CI: 1.36-1.63, P < 0.001), hypertension (OR =1.09,
95% CI: 1.02-1.16, P = 0.006), symptom onset at early
dawn (OR =1.58, 95% CI: 1.47-1.71, P < 0.001), and
HF at admission (OR =1.22, 95% CI: 1.06-1.41, P=
0.005) were independent predictors of a prolonged
pre-hospital delay (= 2 h) after multivariable adju-
stment. Previous CHD (OR = 0.82, 95% CI: 0.74-0.90,
P <0.001), cardiogenic shock at admission (OR = 0.80,
95% CI: 0.68-0.94, P=0.006), cardiac arrest at admiss-
ion (OR = 0.63, 95% CI: 0.51-0.77, P< 0.001), and tra-
nsportation by ambulance (OR = 0.61, 95% CI: 0.56-
0.66, P < 0.001) were significantly associated with ea-
rly presentation (Figure 3).

Similar factors were associated with a pre-hospital
delay of = 2 h in patients with NSTEMI. For example,
old age, female, rural medical insurance, and symp-
tom onset at early dawn were independent factors ass-
ociated with a prolonged pre-hospital delay (all P <
0.05), whereas transportation by ambulance was a sign-
ificant predictor of a shorter pre-hospital delay (OR =
0.48, 95% CI: 0.40-0.57, P < 0.001) (Figure 3).

Association Between Pre-hospital Delay and In-
hospital Outcomes

For patients with STEMI, a prolonged pre-hospital
delay (= 2 h) was associated with an increased risk
of in-hospital mortality (OR =1.36, 95% CI: 1.09-1.69, P=
0.006) and MACEs (OR =1.22, 95% CI: 1.02-1.47, P=
0.033). For patients with NSTEMI, no significant ass-
ociation was observed between pre-hospital delay (=2 h)
and in-hospital outcomes, even in patients with a very
high risk based on risk stratification (supplemental
material, Table 4S).
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DISCUSSION

In this up-to-date nationwide real-world registry,
over 70% of patients with AMI suffered a prolonged
pre-hospital delay of = 2 h. Old age, female, rural
medical insurance, hypertension, symptom onset at
early dawn, and non-use of an ambulance were assoc-
iated with a prolonged pre-hospital delay. Prolonged
pre-hospital delay was associated with an increased
risk of in-hospital outcomes for patients with STEMI.

Although a great improvement in pre-hospital de-
lay was observed compared with the China PEACE st-
udy from 2012 to 2014 (3.3 h vs. 4.0 h), the median de-
lay (3.0 h for STEMI and 4.2 h for NSTEMI) in our study
was still higher than previous reports in Western cou-
ntries (1.7-2.3 h for STEMI and 1.9-2.7 h for NSTEMI)
and Asian countries, such as South Korea (145 min
for STEMI and 196 min for NSTEMI).!"*'"'*l These
findings suggest room for improvement in the pre-
hospital delay for patients with AMI in China.

Understanding the risk factors for pre-hospital de-
lay is the cornerstone to improving the situation. A pre-
vious study identified that patients with a lack of awar-
eness about STEMI are likely to prolong their time to
treatment.” Many patients initially fail to recognize
myocardial infarction symptoms and misattribute
their symptoms to other causes, which may lead to a
longer decision delay. For example, older patients, fe-
male patients, and patients complicated with hyper-
tension are more likely to present with atypical sym-
ptoms of AML!"*™ In addition, chronic angina in pati-
ents with STEMI with HF also makes it difficult to dis-
tinguish myocardial infarction from chronic chest pa-
in."™ For patients with rural insurance, the lower level

http:/ /www.jgc301.com; jgc@jgc301.com
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ST-segment elevation myocardial infarction Non-ST-segment elevation myocardial infarction

OR (95% CI) P-value OR (95% CI) P-value
Age 265 yrs o 1.26 (1.19-1.35) <0.001 as 1.15 (1.04-1.28) 0.007
Female re+ 1.22(1.13-1.32) <0.001 e 1.16 (1.04-1.30) 0.011
Medical insurance
Urban insurance Reference / Reference /
Rural insurance e+ 149 (1.36-1.63)  <0.001 —e— 1.28(1.10-1.49) 0.001
Self-paid o 1.16 (1.04-1.28) 0.005 e 1.08 (0.90-1.29) 0.438
Other insurance 4 0.99 (0.89-1.11) 0.900 H—e—  1.16 (0.93-1.44) 0.185
Hypertension o+ 1.09 (1.02-1.16) 0.006
Renal insufficiency He-t 1.05 (0.96-1.14) 0.289
Smoking et 0.97 (0.91-1.04) 0.430
Previous coronary heart disease e 0.82 (0.74-0.90) <0.001
Symptom onset at early dawn re- 1.58 (1.47-1.71) <0.001 —e— 142(1.25-1.61) <0.001
Symptom onset at working time ~ re] 0.93 (0.87-1.00) 0.040 o 0.96 (0.85-1.08) 0.484

Heart failure at admission —e—  1.22(1.06-1.41) 0.005

Cardiogenic shock at admission —e— 0.80 (0.68-0.94) 0.006 L 0.83 (0.58-1.21) 0.334

Cardiac arrest at admission +—e— 0.63 (0.51-0.77) <0.001 [ 0.64 (0.38-1.06) 0.085

Transported by ambulance e+ 0.61 (0.56-0.66) <0.001 —e— 0.48 (0.40-0.57) <0.001
0.25 0.50 1.00 2.00 0.25 0.50 1.00 2.00

Figure 3 Factors associated with pre-hospital delay in the two-level logistic regression model.

of health literacy among rural residents compared with
their urban counterparts might, in part, explain the lon-
ger delay.” In addition, the higher proportion of pa-
tients with out-of-pocket costs was also a potential
reason for the delayed presentation.”"! In our analy-
sis, previous CHD emerged as an independent pre-
dictor of early presentation after symptom onset. We
supposed that these patients had more knowledge
about AMI, which encouraged them to seek medical
care early after the onset of suspected symptoms.

The onset time also affected the pre-hospital delay.
Specifically, patients with symptom onset at early dawn
tended to wait longer before accessing medical care in
our study. It was previously reported that patients may
not like to bother others unless the symptoms are ext-
remely severe during periods when most people are
asleep.” However, impaired consciousness and hy-
potension in severe clinical conditions, such as cardio-
genic shock or cardiac arrest, may prompt them to att-
end hospital.

Our results extend previous findings by indicating
that transportation by ambulance is associated with
a shorter pre-hospital delay.”

Unfortunately, more than 80% of patients in this ana-
lysis avoided calling for an emergency ambulance,
which is greater than the 40% reported in the United
States in 2011.”"! This might be one of the important

A http:/ /www .jgc301.com; jgc@jgc301.com

causes of the prolonged pre-hospital delay of patients
with AMI in China.

We also observed large gaps in presentation time
among different hospital grades and economic levels.
Compared with patients at tertiary hospitals, those
at secondary hospitals were less likely to arrival at hos-
pital late. A similar result was observed in the China
Acute Myocardial Infarction registry, which showed
that patients at lower-level hospitals were less likely
to suffer a longer pre-hospital delay than those at hig-
her-level hospitals.” We also found that in areas of
lower economic status, the duration of pre-hospital de-
lay was relatively longer. The low density of high-level
hospitals (secondary and tertiary) in low economic ar-
eas may be partly responsible for their poor accessib-
ility.”™ Moreover, the pre-hospital delay also varied
among different geographic regions, and the long pre-
hospital delay in Northwest China was in accordance
with the lowest economic level of this area.”™

In this study, we also investigated the prognosis of
patients with AMI with different pre-hospital delay.
For patients with STEMI, similar to several prior stu-
dies, we found that a late presentation (= 2 h) was in-
dependently correlated with adverse in-hospital cli-
nical outcomes in patients with STEML"™”! For pati-
ents with NSTEMI, few studies have reported the eff-
ects of pre-hospital delay on mortality. Although the
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Korea Acute Myocardial Infarction Registry-National
Institutes of Health found that a pre-hospital delay of
> 24 h was associated with an increased risk of three-
year all-cause mortality in patients with NSTEMI, no
significant differences in in-hospital all-cause mor-
tality were observed,™ which is consistent with the rel-
ationship between the pre-hospital delay and in-hosp-
ital outcomes in our study.

The findings of this study suggest the urgency of
shortening pre-hospital delays. Continuous efforts to
raise public awareness of the symptoms suggestive
of AMI are important, especially in older patients, fem-
ale patients, and patients complicated with hyperte-
nsion who are vulnerable to longer pre-hospital delays.
The use of an ambulance is encouraged to achieve early
diagnosis and therapy. Furthermore, medical resour-
ces also affect the pre-hospital delay. The discrepancy
in the delay among hospital and economic levels may
be related to the imbalanced distribution of medical
resources, which demonstrates the importance of incr-
easing medical resource allocation and elevating hos-
pital reperfusion treatment to provide all patients with
equal access to health services.

STRENGTHS AND LIMITATIONS

To the best of our knowledge, this is the most recent
nationwide study of pre-hospital delay in patients with
AMI in China. The data of our study provide useful evid-
ence for future research on reducing the delay in medi-
cal care in patients with STEMI and patients with NST-
EMI. However, the present study had several limit-
ations. Firstly, survival bias might exist as patients
who died of AMI outside of hospital were not inclu-
ded in our study. Secondly, the time of symptom onset
was obtained by patient self-reporting and may thus
not be accurate. This study only included patients who
were directly admitted to hospital within 24 h of sym-
ptom onset; thus, the estimated effect of recall bias
is limited.

CONCLUSIONS

In this nationwide registry, a substantial proportion
of patients with AMI in China demonstrated a prolo-
nged delay in seeking medical care. Strategies to sho-
rten patients’ decision times, to encourage the use am-
bulances, and to provide reliable medical resources
are warranted.
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