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Background: Since 2010, two versions of National Guidelines aimed at promoting the management of ST-segment elevation myocardial
infarction (STEMI) have been formulated by the Chinese Society of Cardiology. However, little is known about the changes in clinical
characteristics, management, and in-hospital outcomes in rural areas.

Methods: In the present multicenter, cross-sectional study, participants were enrolled from rural hospitals located in Liaoning province in
Northeast China, during two different periods (from June 2009 to June 2010 and from January 2015 to December 2015). Data collection
was conducted using a standardized questionnaire. In total, 607 and 637 STEMI patients were recruited in the 2010 and 2015 cohorts,
respectively.

Results: STEMI patients in rural hospitals were older in the second group (63 years vs. 65 years, P = 0.039). We found increases in
the prevalence of hypertension, prior percutaneous coronary intervention (PCI), and prior stroke. Over the past 5 years, the cost during
hospitalization almost doubled. The proportion of STEMI patients who underwent emergency reperfusion had significantly increased
from 42.34% to 54.47% (P < 0.0001). Concurrently, the proportion of primary PCI increased from 3.62% to 10.52% (P < 0.0001). The
past 5 years have also seen marked increases in the use of guideline-recommended drugs and clinical examinations. However, in-hospital
mortality and major adverse cardiac events did not significantly change over time (13.01% vs. 10.20%, P = 0.121; 13.34% vs. 13.66%,
P=0.872).

Conclusions: Despite the great progress that has been made in guideline-recommended therapies, in-hospital outcomes among rural
STEMI patients have not significantly improved. Therefore, there is still substantial room for improvement in the quality of care.
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was 55.32/100,000, while the mortality rate for AMI in
rural areas was 68.86/100,000. Hence, AMI has become a

INTRODUCTION

Globally, acute myocardial infarction (AMI) causes
tremendous medical, social, and economic burdens.l'?! In
China, with the rapid economic growth and the transition
of lifestyles, the incidence of AMI and AMI-related
mortality has dramatically increased over the last few
decades. It was estimated that the number of patients with
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myocardial infarction (MI) in China would increase to
23 million by 2030.) According to the China cardiovascular
report in 2015, the mortality rate for AMI in urban areas
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major public health problem in China, particularly in the
rural areas.

Compared with urban residents, rural residents usually face
several barriers to receive optimal care after the occurrence
of AMLP! First, the majority of cardiology care services
and facilities are located in urban areas. Fewer hospitals in
rural areas are capable of primary percutaneous coronary
intervention (PCI). Second, those who live in rural areas
usually experience a longer transfer delay before the
arriving at hospitals.[) Third, residents living in rural areas
tend to have a lower socioeconomic status and choose a
more conservative treatment programs than those living
in the urban areas. Fourth, there are disparities in the
delivery of recommended treatment between rural and
urban hospitals.”! These disparities are believed to be more
apparent in Liaoning province, a relatively undeveloped
region located in Northeast China.

Evidence showed that ST-segment elevation myocardial
infarction (STEMI) accounted for more than 80% of MI
patients in China.[® Since 2010, two versions of the
National Guidelines for STEMI!'*!! have been subsequently
formulated by the Chinese Society of Cardiology to improve
the diagnosis and treatment of STEMI. Previous studies were
mainly conducted in large or teaching hospitals in urban
areas. However, much less is known about the current trends
for ST-segment MI in rural areas.?!

A multicenter study has the advantage of accumulating large
volumes of data in a short period.!'?! Furthermore, patients
are enrolled without any preselection in a multicenter
study, which makes it highly representative of real-world
patients. Therefore, a multicenter study was conducted to
(1) provide insight into the differences in rural STEMI
patient characteristics during the past 5 years; (2) evaluate
temporal changes in STEMI management and in-hospital
outcomes; and (3) identify independent indicators of major
in-hospital outcomes in rural areas of China’s Liaoning
province using a real-world situation.

MetHoDS
Study subjects

In this multicenter study, participants were enrolled at two
different periods. As previously described,!'¥ in the first
period, STEMI patients who presented at 12 secondary
hospitals located in rural areas of China’s Liaoning
province were consecutively recruited from June 2009 to
June 2010. Physicians would complete a purposed-designed
questionnaire after written informed consent was obtained
from patients or their families. During the second period,
patients admitted to 8 secondary hospitals (chosen from
the initial 12 secondary hospitals) were enrolled through
a retrospective review of medical records from January
2015 to December 2015. Data extraction was conducted
by trained physicians using a minimally modified
questionnaire that was highly similar to the one used in the
first stage. All patients were diagnosed and treated at the

discretion of the local physicians without any intervention
from researchers.

The study protocol was approved by the Ethics Committee
of the First Affiliated Hospital of China Medical University.
Ethics approvals were also obtained from all collaborating
hospitals.

Inclusion and exclusion criteria for patient selection
Patients who met the following criteria were included:
(1) symptoms of chest pain or chest discomfort that persisted
for longer than 30 min; (2) ST-segment elevation in two or
more contiguous leads that was observed on a standard 12-lead
electrocardiography (0.1 mV limb leads, 0.2 mV precordial
leads); (3) concentrations of creatine kinase (CK) and CK-MB
were twice the normal upper limit or troponin concentration
was high enough (at least 99" percentile above the upper limit
of the normal local laboratory value) to be diagnosed as MI
within 12 h after symptom onset; and (4) new-onset left bundle
branch block was treated as STEMI equivalent.

Patients were excluded according to criteria as follows:
(1) the time course from symptom onset to hospital
presentation that was >24 h; (2) STEMI that resulted from
invasive diagnosis and/or treatment that blocked coronary
blood flow; and (3) patients who had a history of malignant
diseases (such as cancers).

Data collection

Data collection was conducted using a standardized
questionnaire. Information concerning demographic
characteristics, cardiovascular risk factors, medical
history, clinical characteristics on admission, length of
hospital stay, costs during hospitalization, reperfusion
therapy, drugs used, clinical examinations, and clinical
outcomes was recorded.

Definitions

Hyperlipidemia was defined as a history of hyperlipidemia
or positive laboratory test reports (total cholesterol
>6.2 mmol/L, low-density lipoprotein >4.1 mmol/L, or
triglyceride >2.3 mmol/L).l"J A serum creatinine >178 umol/L
was considered to be positive for renal insufficiency.!' The
diagnosis of recurrent MI was judged by the local physicians,
based on new-onset chest pain, indicators of new ischemia
on the electrocardiogram (ECG), and a significant increase
in CK, CK-MB, or troponin levels (at least 50% higher
than that of the previous test).”] Major adverse cardiac
events (MACESs) were defined as the combination of death,
recurrent M1, stroke, and target vessel revascularization.!'%!”!
Thrombolytic therapies were considered successful if at
least two of the following criteria were met:l'”! chest pain
that disappeared within 2 h; ST-segment on the ECG that
resolved by at least 50% within 2 h; reperfusion arrhythmia
that occurred after thrombolytic therapy; or peak serum
myocardial enzymes that were detected in advance.

Statistical analysis
Data entry was conducted using EpiData 3.1 software
(The EpiData Association, Denmark). Categorical variables
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were expressed as frequencies (percentage) and Chi-square
tests were used for comparisons between two time points
(2010 and 2015). Continuous variables were presented as the
mean (standard deviation) or median (interquartile range).
Student’s #-test or nonparametric analyses (Kruskal-Wallis
H-test) were performed where appropriate. To identify
independent predictors of in-hospital mortality and in-hospital
MACE, univariate and multivariate logistic regression
analyses were sequentially performed. Independent
variables included demographic characteristics (age and
sex), cardiovascular risk factors (diabetes, hypertension,
hyperlipidemia, renal insufficiency, and whether the patient
was a current smoker), medical history (prior MI, prior
coronary artery disease, prior PCI, and prior stroke), clinical
characteristics (symptom-to-door time, chest discomfort,
MI location, Killip class, and systolic blood pressure),
reperfusion strategies, and drugs used. Only variables with
P <0.1 identified by the univariate analysis would serve as
potential explanatory variables in subsequent multivariate
models. In addition, a stepwise variable selection option
was chosen to construct the final logistic regression models.

All statistical analyses were conducted using SAS
software (version 9.3, SAS Institute, Cary, NC, USA). All
comparisons were two-sided, with P < 0.05 considered
statistically significant.

ResuLts

Characteristics of patients

The flowchart for patient selection is depicted in Figure 1.
Overall, 607 and 637 STEMI patients were consecutively
recruited in the 2010 and 2015 cohorts, respectively. As

The first stage: 12 secondary

shown in Table 1, the median age of patients increased
from 63 to 65 years of age from 2010 to 2015 (P = 0.039).
The proportion of male patients remained relatively stable.
Over the preceding 5 years, the prevalence of hypertension
increased from 45.96% to 51.65% (P = 0.045). However,
heterogeneity was not observed in the prevalence of other
cardiovascular risk factors (diabetes, hyperlipidemia, renal
insufficiency, and current smoker). STEMI patients in 2015
were more likely to present with a history of PCI and stroke
when compared with that in 2010 (P = 0.035 and P = 0.006,
respectively). The distribution of symptom-to-door time,
MI location, heart rate, and systolic blood pressure on
admission was comparable between the two cohorts. When
compared with patients in 2010, patients in 2015 were
less likely to present to the hospital with obvious chest
discomfort (P = 0.005). In addition, STEMI patients tended
to have higher Killip classifications in 2015 (P = 0.017).
The length of hospital stay did not differ between the study
periods. However, the median cost during hospitalization
almost doubled (from 6957 RMB Yuan to 11,680 RMB Yuan).

Reperfusion therapies, drugs used, clinical examinations,
and clinical outcomes during hospitalization

Among patients with STEMI, 42.34% underwent
emergency reperfusion in 2010 compared to 54.47% in
2015 (P <0.0001). Similarly, the proportion of patients who
underwent primary PCI increased markedly from 3.62%
in 2010 to 10.52% in 2015 (P < 0.0001). Concurrently,
the door-to-balloon time declined almost by half (from
260 to 132 min, P < 0.0001). The rate of STEMI patients
who received fibrinolytic therapy showed no significant
difference. Meanwhile, the median door-to-needle time was

hospitals were chosen according
to different geographic location

A4

STEMI patients prospectively
recruited during Jun 2009 and Jun
2010 (n=607)

A 4

A 4

The second stage: 8 out of the
initial 12 secondary hospitals
were chosen

A 4

Scanning the medical records of

those patients who presented at

the selected hospitals during Jan
2015 and Dec 2015 (n=705)

Records did not meet the
inclusion and exclusion
criteria (n= 68)

\ 4

STEMI patients retrospectively
recruited by abstracting the
medical records (n= 637)

l_l

Total STEMI patients enrolled by two
stages (n=1244)

Figure 1: Flowchart showing the process of patient selection. STEMI: ST-segment myocardial infarction.
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Table 1: Characteristics of patients with STEMI in the year 2010 and 2015 cohorts

Characteristics Year 2010 (n = 607) Year 2015 (n = 637) Statistics P
Demographic
Age (years) 63 (55, 73) 65 (56,74) —2.07* 0.039
Male 420 (69.19) 452 (70.96) 0.46" 0.497
Cardiovascular risk factors
Diabetes 132 (21.75) 140 (21.98) 0.017 0.921
Hypertension 279 (45.96) 329 (51.65) 4.027 0.045
Hyperlipidemia 206 (33.94) 218 (34.22) 0.017 0.915
Renal insufficiency 17 (2.80) 18 (2.83) 0.007 0.979
Current smoker 230 (37.89) 261 (40.97) 1.247 0.266
Medical history
MI 36 (5.93) 53(8.32) 2.67° 0.102
CAD 183 (30.15) 179 (28.10) 0.631 0.427
PCI 7(1.15) 18 (2.83) 4.421 0.036
Stroke 73 (12.03) 112 (17.58) 7.58% 0.006
Clinical characteristics
Symptom-to-door time

<3h 315(51.89) 302 (47.41) 3.307 0.192

3-6h 231 (38.06) 255 (40.03)

>6h 61 (10.05) 80 (12.56)

All 150 (70, 300) 180 (60, 360) —0.947 0.345
Chest discomfort 553 (91.10) 548 (86.03) 7.877 0.005
Anterior MI 330 (54.37) 344 (54.00) 0.027 0.898
Killip class >1 177 (29.16) 226 (35.48) 5.67° 0.017
Heart rate

<100 beats/min 530 (87.31) 538 (84.46) 2.097 0.149

>100 beats/min 77 (12.69) 99 (15.54)

All 74 (62, 89) 75 (64, 90) —0.75%* 0.451
Systolic blood pressure

<140 mmHg 348 (57.33) 351 (55.10) 0.631 0.428

>140 mmHg 259 (42.67) 286 (44.90)

All 130 (110, 153) 132 (115, 158) —1.70* 0.088
Length of hospital stay (days) 9 (3, 13) 9(4,12) 1.56* 0.119
Cost (RMB Yuan)* 6957 (4876, 9000) 11,680 (7587, 17,090) 134.54* <0.0001

Data are shown as n (%) or median (25", 75"). *Z values; fy* values; *Only among patients with measurements available. 1 mmHg = 0.133 kPa. CAD:
Coronary artery disease; MI: Myocardial infarction; PCI: Percutaneous coronary intervention; STEMI: ST-segment myocardial infarction.

similar at different time points. However, the thrombolytic
recanalization rate in 2015 was slightly higher than in
2010 (84.64% vs. 75.21%, P =0.007) [Table 2].

No differences were observed in the prescriptions of aspirin,
low molecular weight heparin, or calcium antagonists
between 2010 and 2015. However, the number of STEMI
patients who used clopidogrel, statins, GPIIb/IIla receptor
inhibitors, and traditional Chinese medicines increased
dramatically from 2010 to 2015 [Table 2]. By contrast,
the use of 3 blockers and angiotensin converting enzyme
inhibitors/angiotensin receptor blockers (ACEI/ARB)
decreased slightly in 2015. The past 5 years have seen a
significant increase in troponin testings (from 31.63 to
95.60%, P < 0.0001), cardiac enzymes (from 88.80 to
93.72%, P = 0.002), creatinine (from 81.38 to 92.78%,
P <0.0001), and echocardiogram (from 14.17 to 56.99%,
P <0.0001) [Table 2].

Our results showed no difference in the rates of in-hospital
mortality, mortality within 24 h, recurrent M1, hemorrhage,

and MACE between 2010 and 2015. However, the
occurrence of cardiogenic shock and acute stroke in 2015
was more frequent than in 2010 (P =0.008 and P <0.0001,
respectively). In contrast, cardiac arrest less frequently

occurred in 2015 than in the population from 5 years ago
(P <0.0001) [Table 2].

Multivariate analysis

Results from multivariate logistic regression analyses
indicated that sex, Killip class, and administrations of
ACEI/ARB and statins were significantly associated with
the risk of in-hospital mortality in both 2010 and 2015
cohorts, while a history of prior stroke and administration of
[ blockers were only associated with the risk of in-hospital
mortality in the 2015 cohort [Table 3]. With respect to
in-hospital MACE, sex, Killip class, and administrations of
statins were associated with an increased risk of in-hospital
MACE in both 2010 and 2015 cohorts. Prior stroke, chest
discomfort, and the use of 3 blockers and traditional Chinese
medicines were independent indicators of in-hospital MACE
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Table 2: Treatments, clinical examinations, and outcomes for patients with STEMI during their hospitalization

Variables Year 2010 (n = 607) Year 2015 (n = 637) Statistics P
Emergency reperfusion 257 (42.34) 347 (54.47) 18.32F <0.0001
therapies
Primary PCI 22 (3.62) 67 (10.52) 22.24% <0.0001
Door-to-balloon time (min) 260 (190, 420) 132 (78, 211) 4.36% <0.0001
Fibrinolytic therapies 242 (39.87) 281 (44.11) 2.30f 0.130
Thrombolytic agents
Urokinase 205 (84.71) 66 (23.49) 310.28f <0.0001
rt-PA 3(1.24) 0
r-PA 34 (14.05) 215 (76.51)
Door-to-needle time (min) 50 (30, 85) 44 (24, 75) 1.57* 0.118
Thrombolytic recanalization 182 (75.21) 237 (84.64) 7.30° 0.007
Drugs
Aspirin 577 (95.06) 611 (95.92) 0.547 0.464
Clopidogrel 410 (67.55) 598 (93.88) 140.207 <0.0001
LMWH 507 (83.53) 547 (85.87) 1.32F 0.250
B-blockers 374 (61.61) 355(55.73) 4.447 0.035
ACEI/ARB 371 (61.12) 322 (50.55) 14.08" <0.001
Statins 513 (84.51) 578 (90.74) 11.16f 0.001
Calcium antagonists 33 (5.44) 40 (6.28) 0.40" 0.527
GPIIb/I1a receptor inhibitor 16 (2.64) 102 (16.01) 64.781 <0.0001
Traditional Chinese medicines 279 (45.96) 539 (84.62) 206.22F <0.0001
Clinical examinations
Troponin 192 (31.63) 609 (95.60) 554.77" <0.0001
Cardiac enzymes 539 (88.80) 597 (93.72) 9.50% 0.002
Creatinine 494 (81.38) 591 (92.78) 36.207 <0.0001
Echocardiogram 86 (14.17) 363 (56.99) 247.05% <0.0001
Outcomes
Mortality 79 (13.01) 65 (10.20) 2.407 0.121
Mortality within 24 h 55 (9.06) 41 (6.44) 3.017 0.083
Cardiogenic shock 65 (10.71) 101 (15.86) 7.12% 0.008
Cardiac arrest 71 (11.70) 44 (6.91) 8.507 0.004
Acute stroke 3(0.49) 23 (3.61) 14.757 <0.0001
Recurrent MI 5(0.82) 5(0.78) 0.017 0.939
Hemorrhage 11 (1.81) 17 (2.67) 1.047 0.309
MACE 81 (13.34) 87 (13.66) 0.037 0.872

Data are shown as n (%) or median (25%, 75%). *Z values; Ty* values. ACEIL: Angiotensin converting enzyme inhibitor; ARB: Angiotensin receptor
blocker; LMWH: Low molecular weight heparin; MI: Myocardial infarction; MACE: Major adverse cardiac event; PCI: Percutaneous coronary
intervention; r-PA: Reteplase; rt-PA: Alteplase; STEMI: ST-segment myocardial infarction.

for the 2015 cohort, but not for the 2010 cohort. By contrast,
the use of ACEI/ARB was negatively associated with the
risk of in-hospital MACE in the 2010 cohort, but not in the
2015 cohort [Table 4].

Discussion

In this multicenter study, we aimed to describe the temporal
trends in clinical characteristics, treatment, the quality of care,
and in-hospital outcomes of STEMI patients who presented
at rural hospitals in China’s Liaoning province. Our findings
suggested that STEMI patients in the 2015 cohort were
moderately older than those in 2010 cohort. The increased
prevalence of hypertension, prior PCI, and stroke was noted
throughout the study. The costs during hospitalization also
rapidly increased. Furthermore, increasing numbers of
STEMI patients in the rural areas of the Liaoning province

received emergency reperfusion, especially primary PCI.
Although the past 5 years has witnessed a substantial
improvement in other guideline-recommended therapies,
in-hospital outcomes have not significantly improved. Sex,
prior stroke, chest discomfort, Killip class, and prescriptions
of B-blockers, ACEI/ARB, statins, and traditional Chinese
medicines were identified as independent predictors of
in-hospital outcomes.

The progressive change in the age of STEMI patients might
partially result from the rapidly aging population. According
to China’s 2010 census, residents who were aged 60 years
and above accounted for 13.3% of the total population in
2010."8 The increasing prevalence of hypertension, prior
PCI, and stroke was noted in our study, which was consistent
with that in the China PEACE study.?! Several factors might
account for the rising cost during hospitalization. First, health
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Table 3: The multivariate logistic regression model for in-hospital mortality

Predictors Year 2010 (n = 607) Year 2015 (n = 637)
Mortality, n (%) OR (95% CI) Wald »? P Mortality, n (%) OR (95% CI) Wald 2 P

Sex

Female 44 (23.53) Reference - - 33 (17.84) Reference - -

Male 35(8.33) 0.37(0.20, 0.71) 9.07 0.003 32 (7.08) 0.25(0.12, 0.49) 15.81 <0.0001
Prior stroke

No - - - - 44 (8.38) Reference - -

Yes - - - - 21 (18.75) 3.52 (1.64,7.54) 10.41 <0.001
Killip class >1

No 17 (3.95) Reference - - 12 (2.92) Reference - -

Yes 62 (35.03) 12.00 (6.12,23.84) 51.53 <0.0001 53(23.45) 8.94 (4.20, 32.22 <0.0001

19.06)

B-blockers

No - - - - 55(19.50) Reference - -

Yes - - - - 10 (2.82) 0.39 (0.17, 0.89) 4.97 0.026
ACEI/ARB

No 61 (25.85) Reference - - 59 (18.73) Reference - -

Yes 18 (4.85) 0.24 (0.12, 0.47) 17.08 <0.0001 6 (1.86) 0.14 (0.06, 0.38) 15.42 <0.001
Statins

No 45 (47.87) Reference - - 28 (46.46) Reference - -

Yes 34 (6.63) 0.10 (0.05, 0.20) 42.01 <0.0001 37 (6.40) 0.11 (0.05, 0.25) 28.28 <0.0001
—: Not applicable. ACEI: Angiotensin converting enzyme inhibitor; ARB: Angiotensin receptor blocker; CI: Confidence interval; OR: Odds ratio.
Table 4: The multivariate logistic model for in-hospital MACE
Predictors Year 2010 (n = 607) Year 2015 (n = 637)

MACE, n (%) OR (95% CI) Wald 42 P MACE, n (%) OR (95% Cl)  Wald »? P

Sex

Female 44 (23.53) Reference - - 43 (23.24) Reference - -

Male 37 (8.81) 0.41 (0.22, 0.77) 7.85 0.005 44 (9.73) 0.32(0.18, 0.57) 15.37 <0.0001
Prior stroke

No - - - - 59 (11.24) Reference - -

Yes - - - - 28 (25.00) 2.65 (1.42,4.96) 9.28 0.002
Chest discomfort

No - - — - 32 (35.96) Reference - -

Yes - - - - 55(10.04) 0.39 (0.21, 0.73) 8.67 0.003
Killip class >1

No 19 (4.42) Reference - - 22 (5.35) Reference - -

Yes 62 (35.03) 10.36 (5.42, 19.80) 50.04 <0.0001 65 (28.76) 5.20(2.91,9.29) 30.94 <0.0001
B-blockers

No - - - - 66 (23.40) Reference - -

Yes - - - - 21(5.92) 0.39(0.21, 0.72) 9.17 0.003
ACEI/ARB

No 62 (26.27) Reference - - - - - -

Yes 19 (5.12) 0.25(0.13, 0.48) 17.48 <0.0001 - - - -
Statins

No 45 (47.87) Reference - - 29 (49.15) Reference - -

Yes 36 (7.02) 0.11 (0.06, 0.22) 40.54 <0.0001 58 (10.03) 0.19 (0.09, 0.40) 19.99 <0.0001
Traditional Chinese

medicines

No - - - - 29 (29.59) Reference - -

Yes - - - - 58 (10.76) 0.35 (0.18, 0.66) 10.36 0.001

—: Not applicable. ACEI: Angiotensin converting enzyme inhibitor; ARB: Angiotensin receptor blocker; CI: Confidence interval; MACE: Major adverse

cardiac event; OR: Odds ratio.

insurance coverage has become more extensive, particularly
the newly-established rural corporative medical guarantee

system, with the persistent efforts by China’s government to
improve the quality of healthcare. Second, high cost might
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also attribute to the popularity of PCI treatment and the use
of new generation thrombolytic agents. Third, the increasing
usage of other guideline-recommended drugs and clinical
examinations would cost STEMI patients more money.

The past 5 years has seen great progress in reperfusion therapy
in rural hospitals in the Liaoning district, but substantial gaps
still exist. In 2015, both emergency reperfusion and primary
PCl rates were significantly higher than in 2010. In addition,
the median door-to-balloon time markedly declined from
260 to 132 min. A similar trend was reported in rural eastern
China,™ in which emergency reperfusion increased from
49.7% to 58.8% and primary PCI from 0% to 27.5% in the
period between 2001 and 2011. For fibrinolytic therapies,
the major thrombolytic agents underwent a transition
from urokinase to reteplase (r-PA) during the past 5 years.
Accordingly, the thrombolytic recanalization rate increased
from 75.21% in 2010 to 84.64% in 2015. However, the
proportion of rural STEMI patients who received primary
PCI was still far lower than the national level of 28.1% in
2011.5 Only a few secondary hospitals had the interventional
cardiology capabilities and the qualifications to conduct PCI.
The median door-to-balloon time for primary PCI was longer
than 90 min, which was the benchmark recommended by the
treatment guideline.!! STEMI care networks in rural areas
may have several disadvantages in achieving this benchmark
for the following reasons.® First, emergency medical
systems in rural hospitals usually have lower staffing level of
paramedics or emergency medical technicians, which limits
the capability of STEMI diagnosis. Second, PCI capabilities
in rural hospitals do not have enough resources for 24/7
in-house staffing in the cardiac catheterization laboratory,
which results in longer response time to catheterization
laboratory activation. Finally, since STEMI is a relatively
infrequent event in rural areas, it prevents staff from ever
becoming completely familiar with a process that must be
managed quickly.

The quality of care has improved during the past 5 years.
Increases in the prescriptions of clopidogrel, GPIIb/Illa
receptor inhibitor, and traditional Chinese medicines are
encouraging. Similarly, increases in troponin, cardiac
enzymes, and creatinine testings as well as echocardiograms
are striking. The results were consistent with previous
investigations in both rural and urban areas in China.!">2!2
However, B-blockers and ACEI/ARB were prescribed to
fewer patients in the 2010 cohort when compared to those
in the 2015 cohort, even though their favorable effects have
been previously reported.[?3-2!

It is noteworthy that the in-hospital mortality rate of rural
STEMI patients has not significantly improved, despite the
increasing intensity of treatments, procedures, and clinical
examinations over the past 5 years. A similar contradictory
trend has been previously reported in Chinese mainland and
Taiwan.*?%) By contrast, the mortality of AMI during the
same period has continued to decrease in developed western
countries.?”3! Therefore, there are abundant opportunities
for quality improvement in the rural hospitals in Liaoning

province. There might be several possible explanations for
the reason mortality did not significantly decline. First, no
significant improvement in prehospital delay was observed
during 2010 and 2015 (median symptom-to-door time,
150 min vs. 180 min, P = 0.345). Second, though progress
has been made in emergency reperfusion therapy, its rate
remained relatively low when compared to those in other
studies, particularly the primary PCI therapy.?** Third,
higher degree of Killip class was observed in 2015 than that
in 2010 (35.48% vs. 29.16%), indicating increased severity
of STEMI on presentation. This in turn would offset the
beneficial effects gained from improved reperfusion therapy
and the quality of care. Fourth, the lack of change in mortality
may be partly attributable to the declining administration of
lifesaving drugs such as 3-blockers and ACEI/ARB that had
been proven effective in preventing ventricular remodeling
after ML.1*3% Finally, the control of major cardiovascular
risk factors may be suboptimal, which was supported by our
results as the prevalence of STEMI patients with diabetes,
hyperlipidemia, renal insufficiency, and smoking did not
significantly decrease in the past 5 years. These concomitant
risk factors were closely related to the severity of coronary
artery disease.’”1 It has been reported that about half of the
decline in MI mortality was due to the primary prevention
of an MI (reduction in the proportions of cardiovascular
risk factors).!2°!

To accelerate the improvement in STEMI management,
future efforts should focus on the following aspects. STEMI
networks should be established to optimize prehospital
treatment, triage and transport of STEMI patients, and
collaborations between hospitals and emergency medical
services.*"! Prehospital diagnosis and fibrinolysis should
be recommended in remote rural hospitals without PCI
capability since they have been reported as effective
strategies in shortening total ischemic time and reducing
early mortality.*>*!] Furthermore, new generation of
thrombolytic drugs (rt-PA and r-PA) which are proven to be
more efficient and safer than urokinase should be covered
by the medical insurance systems in China. Sufficient
cardiologists are needed in rural hospitals. The shortage of
cardiologists and emergency services in rural areas means
that rural STEMI patients are more likely to see generalist
physicians rather than cardiologists.”! Evidence has shown
that generalist physicians were less likely than cardiologists
to prescribe recommended AMI medications.>#! It is also
critical to educate the public regarding the importance of
being at the right place at the right time in case of an AMI
because time is muscle and mortality is directly correlated
with the time to treatment.[*¥

Findings from the multivariate logistic regression showed
that male gender and administrations of (-blockers,
ACEI/ARB, statins, and traditional Chinese medicines were
independent predictors for improving in-hospital survival
and MACE. In contrast, prior stroke and high Killip class
were identified as independent predictors for the elevated
risk of in-hospital mortality and MACE, which was in
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accordance with previous studies.*3#¢ The favorable effects
that guideline-recommended medicines have on in-hospital
cardiovascular risks were easily understood.!?3-2347-4
However, as nonguideline-recommended medicine,
traditional Chinese medicines have been reported to have
some advantages for the treatments of AMLP% However, the
safety and components of these traditional therapies remain
uncertain.’"! Well-designed and performed randomized
controlled trials are needed to validate the beneficial effects
of traditional Chinese medicines on the management of
STEMI.

Several limitations should be noted when interpreting the
results of this study. First, as an observational study, the
possible confounding bias could not be completely ruled out.
However, we have considered the traditional clinical factors
when constructing the regression models that predicted
the risk of in-hospital outcomes. Second, definitions and
diagnoses of some disorders might vary among hospitals
even though all physicians had received uniform training
from the researchers. Third, we could not evaluate STEMI
patients who were not admitted to hospitals, and the
proportion of prehospital death was unavailable. Finally,
only in-hospital outcomes were measured since we could
not link patient-level data to the national death registration
system to investigate long-term outcomes.?! Despite these
limitations, we believe that the study population was
highly representative of STEMI patients admitted to rural
hospitals in Liaoning province. Our study provided valuable
real-world STEMI data in evaluating the temporal trends
for STEMI in the rural areas of Northeast China over the
past 5 years.

In conclusion, even though great progress has been made
in guideline-recommended treatments, procedures, and
clinical examinations, in-hospital outcomes among rural
STEMI patients have not significantly improved during
the past 5 years. Therefore, there is still substantial
room for improvement in the quality of care. Our study
provides evidence for health-policy makers to optimize the
management of STEMI patients, particularly in China’s
rural areas.

Acknowledgment

We really appreciate the contributions made by the
following hospitals: Changtu People’s Hospital,
Dashiqiao Center Hospital, Donggang Center Hospital,
Fengcheng Center Hospital, Fuxin Mongolian Autonomous
County People’s Hospital, Kuandian Center Hospital,
Pulandian Center Hospital, Wafangdian Center Hosptial,
Yingkou Economic and Technological Development
Zone Center Hospital, Yixian People’s Hospital, Zhangwu
People’s Hospital, and Zhuanghe Center Hospital.

Financial support and sponsorship

This study was supported by a grant from the Science and
Technology Planning Project of Liaoning Province, China
(No. 2008225009-15).

Conflicts of interest
There are no conflicts of interest.

REFERENCES

1. Roth GA, Forouzanfar MH, Moran AE, Barber R, Nguyen G,
Feigin VL, et al. Demographic and epidemiologic drivers of global
cardiovascular mortality. N Engl J Med 2015;372:1333-41. doi:
10.1056/NEJMo0a1406656.

2. Moran AE, Forouzanfar MH, Roth GA, Mensah GA, Ezzati M,
Flaxman A, et al. The global burden of ischemic heart
disease in 1990 and 2010: The Global Burden of Disease
2010 study. Circulation 2014;129:1493-501. doi: 10.1161/
CIRCULATIONAHA.113.004046.

3. LiJ, Li X, Wang Q, Hu S, Wang Y, Masoudi FA, ef al. ST-segment
elevation myocardial infarction in China from 2001 to 2011 (the China
PEACE-Retrospective Acute Myocardial Infarction Study): A
retrospective analysis of hospital data. Lancet 2015;385:441-51. doi:
10.1016/s0140-6736(14)60921-1.

4. Chen WW, Gao RL, Liu LS. Summary of China cardiovascular report
2015 (in Chinese). Chin Circ J 2016;31:624-32. doi: 10.3969/].issn.
1000-3614.2016.06.001.

5. Bhuyan SS, Wang Y, Opoku S, Lin G. Rural-urban differences
in acute myocardial infarction mortality: Evidence from
Nebraska. J Cardiovasc Dis Res 2013;4:209-13. doi: 10.1016/.
jcdr.2014.01.006.

6. Vavouranakis I, Fanioudaki A, Lamprogiannakis E, Baltzakis I,
Sidiropoulou K, Porfiri E, et al. Delays incurred during acute
myocardial infarction: A comparative study of rural and urban
populations in Greece. Rural Remote Health 2010;10:1271.

7. Abrams TE, Vaughan-Sarrazin M, Kaboli PJ. Mortality and
revascularization following admission for acute myocardial infarction:
Implication for rural veterans. J Rural Health 2010;26:310-7. doi:
10.1111/5.1748-0361.2010.00318 x.

8. Gao R, Patel A, Gao W, Hu D, Huang D, Kong L, ef al. Prospective
observational study of acute coronary syndromes in China: Practice
patterns and outcomes. Heart 2008;94:554-60. doi: 10.1136/hrt.
2007.119750.

9. Chen ZM, Jiang LX, Chen YP, Xie JX, Pan HC, Peto R, et al
Addition of clopidogrel to aspirin in 45,852 patients with acute
myocardial infarction: Randomised placebo-controlled trial. Lancet
2005;366:1607-21. doi: 10.1016/S0140-6736(05)67660-X.

10. China Society of Cardiology of Chinese Medical Association,
Editorial Board of Chinese Journal of Cardiology. Guideline for
diagnosis and treatment of patients with ST-segment elevation
myocardial infarction (in Chinese). Chin J Cardiol 2010;38:675-90.
doi: 10.3760/cma.j.issn.0253-3758.2010.08.002.

11. China Society of Cardiology of Chinese Medical Association,
Editorial Board of Chinese Journal of Cardiology. Guideline for
diagnosis and treatment of patients with ST-segment elevation
myocardial infarction (in Chinese). Chin J Cardiol 2015;43:380-93.
doi: 10.3760/cma.j.issn.0253-3758.2015.05.003.

12. Armata TA, Blanton JW, Thacker LR. Establishing a composite
tissue allograft registry. Microsurgery 2000;20:466-9. doi:
10.1002/1098-2752(2000)20:8.

13. Zhang B, Zhang W, Huang R, Zhu H, Liu J, Jiang D, et al.
Gender and age differences associated with prehospital delay
in Chinese patients presenting with ST-elevation myocardial
infarction. J Cardiovasc Nurs 2016;31:142-50. doi: 10.1097/
JCN.0000000000000219.

14. Joint Committee for Revising the Chinese Guidelines on Prevention
and Treatment of Dyslipidemia in Adults. Chinese guidelines on
prevention and treatment of dyslipidemia in adults (Revised in
2016) (in Chinese). Chin J Cardiol 2016;44:833-53. doi: 10.3760/cm
a.j.issn.0253-3758.2016.10.005.

15. Zhang B, Jiang DM, Zhou XC, Liu J, Zhang W, Sun YJ,
et al. Prospective multi-center study of female patients with
ST-elevation myocardial infarction in Liaoning province,
China. Chin Med J 2012;125:1915-9. doi: 10.3760/cma.j.is
sn.0366-6999.2012.11.014.

764

Chinese Medical Journal | April 5,2017 | Volume 130 | Issue 7-




20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

. Ardissino D, Cavallini C, Bramucci E, Indolfi C, Marzocchi A,

Manari A, et al. Sirolimus-eluting vs. uncoated stents for prevention
of restenosis in small coronary arteries: A randomized trial. JAMA
2004;292:2727-34. doi: 10.1001/jama.292.22.2727.

. Gao Y, Jiang D, Zhang B, Sun Y, Ren L, Fan D, et al. Renal

insufficiency was correlated with 2-year mortality for rural female
patients with ST-segment elevation acute myocardial infarction
after reperfusion therapy: A multicenter, prospective study. BMC
Cardiovasc Disord 2015;15:179. doi: 10.1186/s12872-015-0174-2.

. Cai Y. China’s new demographic reality: Learning from the

2010 census. Popul Dev Rev 2013;39:371-96. doi:
1728-4457.2013.00608 .x.

10.1111/.

. LiJ, Li X, YuY, Hu S, Yan XF, Jiang LX. Trends of ST-segment

elevation myocardial infarction in Eastern rural China from 2001 to
2011 — China PEACE Retrospective Acute Myocardial Infarction
Study (in Chinese). Chin Circ J 2016;31:4-9. doi: 10.3969/j.issn.
1000-3614.2016.01.002.

Niles NW, Conley SM, Yang RC, Vanichakarn P, Anderson TA,
Butterly JR, et al. Primary percutaneous coronary intervention for
patients presenting with ST-segment elevation myocardial infarction:
Process improvement in a rural ST-segment elevation myocardial
infarction receiving center. Prog Cardiovasc Dis 2010;53:202-9. doi:
10.1016/j.pcad.2010.08.004.

LiJ, Li X, Yan XF, Hu S, Yu Y, Jiang LX. Trends of ST-segment
elevation myocardial infarction in Western rural China from 2001
to 2011 — China PEACE Retrospective Acute Myocardial Infarction
Study (in Chinese) Chin Circ J 2016;31:321-6. doi: 10.3969/j.issn.
1000-3614.2016.04.003.

LiJ, Li X, Hu S, Yu Y, Yan XF, Jiang LX. ST-segment elevation
myocardial infarction in the Eastern urban China: From 2001 to
2011. (in Chinese). Chin J Cardiol 2016;44:303-8. doi: 10.3760/cm
a.j.issn.0253-3758.2016.04.006.

Hioki H, Motoki H, Izawa A, Kashima Y, Miura T, Ebisawa S,
et al. Impact of oral beta-blocker therapy on mortality after
primary percutaneous coronary intervention for Killip class 1
myocardial infarction. Heart Vessels 2016;31:687-93. doi: 10.1007/
s00380-015-0673-1.

Gong W, Feng S, Wang X, Fan J, Li A, Nie SP. Beta-blockers
reduced the risk of cardiac rupture in patients with acute
myocardial infarction: A meta-analysis of randomized control
trials. Int J Cardiol 2017. pii: S0167-527330066-9. doi: 10.1016/j.
ijeard.2017.01.035.

Gonzalez-Cambeiro MC, Lopez-Lopez A, Abu-Assi E,
Raposeiras-Roubin S, Pefia-Gil C, Garcia-Acuifia J, ef al. Mortality
benefit of long-term angiotensin-converting enzyme inhibitors
or angiotensin receptor blockers after successful percutaneous
coronary intervention in non-ST elevation acute myocardial
infarction. Rev Port Cardiol 2016;35:645-53. doi: 10.1016/j.
repc.2016.07.003.

Yin WH, Lu TH, Chen KC, Cheng CF, Lee JC, Liang FW, et al. The
temporal trends of incidence, treatment, and in-hospital mortality
of acute myocardial infarction over 15 years in a Taiwanese
population. Int J Cardiol 2016;209:103-13. doi: 10.1016/j.
ijcard.2016.02.022.

Krumholz HM, Wang Y, Chen J, Drye EE, Spertus JA, Ross JS, et al.
Reduction in acute myocardial infarction mortality in the United
States: Risk-standardized mortality rates from 1995-2006. JAMA
2009;302:767-73. doi: 10.1001/jama.2009.1178.

Gale CP, Cattle BA, Woolston A, Baxter PD, West TH, Simms AD,
et al. Resolving inequalities in care? Reduced mortality in the elderly
after acute coronary syndromes. The Myocardial Ischaemia National
Audit Project 2003-2010. Eur Heart J 2012;33:630-9. doi: 10.1093/
eurheartj/ehr381.

Dégano IR, Salomaa V, Veronesi G, Ferriéres J, Kirchberger I,
Laks T, et al. Twenty-five-year trends in myocardial infarction attack
and mortality rates, and case-fatality, in six European populations.
Heart 2015;101:1413-21. doi: 10.1136/heartjnl-2014-307310.

Greco C, Rosato S, D’Errigo P, Mureddu GF, Lacorte E, Seccareccia F.
Trends in mortality and heart failure after acute myocardial infarction
in Italy from 2001 to 2011. Int J Cardiol 2015184:115-21. doi:
10.1016/j.ijcard.2015.01.073.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Lawesson SS, Alfredsson J, Fredrikson M, Swahn E. Time
trends in STEMI — Improved treatment and outcome but still a
gender gap: A prospective observational cohort study from the
SWEDEHEART register. BMJ Open 2012;2:¢000726. doi: 10.1136/
bmjopen-2011-000726.

Claecys MJ, Sinnaeve PR, Convens C, Dubois P, Boland J,
Vranckx P, et al. STEMI mortality in community hospitals versus
PCl-capable hospitals: Results from a nationwide STEMI network
programme. Eur Heart J Acute Cardiovasc Care 2012;1:40-7. doi:
10.1177/2048872612441579.

Mercuri M, Welsford M, Schwalm JD, Mehta SR, Rao-Melacini P;
Nicholas Valettas MD MASc, Sheth T, et al. Providing optimal regional
care for ST-segment elevation myocardial infarction: A prospective
cohort study of patients in the Hamilton Niagara Haldimand Brant
Local Health Integration Network. CMAJ Open 2015;3:E1-7. doi:
10.9778/cmajo.20140035.

Chen X, Li M, Jiang H, Li Y, Mo J, Lin P, et al. STEMI Outcomes in
Guangzhou and Hong Kong: Two-centre retrospective interregional
study. PLoS One 2016;11:¢0149981. doi: 10.1371/journal.pone.
0149981.

Rossini R, Senni M, Musumeci G, Ferrazzi P, Gavazzi A. Prevention
of left ventricular remodelling after acute myocardial infarction: An
update. Recent Pat Cardiovasc Drug Discov 2010;5:196-207. doi:
10.2174/157489010793351999.

Ozaki Y, Imanishi T, Tanimoto T, Teraguchi I, Nishiguchi T, Orii M,
et al. Effect of direct renin inhibitor on left ventricular remodeling
in patients with primary acute myocardial infarction. Int Heart J
2014;55:17-21. doi: 10.1536/ihj.13-212.

Tavares CA, Rassi CH, Fahel MG, Wajchenberg BL, Rochitte CE,
Lerario AC. Relationship between glycemic control and coronary
artery disease severity, prevalence and plaque characteristics by
computed tomography coronary angiography in asymptomatic type 2
diabetic patients. Int J Cardiovasc Imaging 2016;32:1577-85. doi:
10.1007/s10554-016-0942-9.

Tomizawa N, Nojo T, Inoh S, Nakamura S. Difference of coronary artery
disease severity, extent and plaque characteristics between patients
with hypertension, diabetes mellitus or dyslipidemia. Int J Cardiovasc
Imaging 2015;31:205-12. doi: 10.1007/s10554-014-0542-5.

Milane A, Khazen G, Zeineddine N, Amro M, Masri L,
Ghassibe-Sabbagh M, et al. Association of coronary artery disease
and chronic kidney disease in Lebanese population. Int J Clin Exp
Med 2015;8:15866-77.

Clemmensen P, Schoos MM, Lindholm MG, Rasmussen LS,
Steinmetz J, Hesselfeldt R, et al. Pre-hospital diagnosis and transfer of
patients with acute myocardial infarction — A decade long experience
from one of Europe’s largest STEMI networks. J Electrocardiol
2013;46:546-52. doi: 10.1016/j.jelectrocard.2013.07.004.

Verheugt FW, Montalescot G, Sabatine MS, Soulat L, Lambert Y,
Lapostolle F, et al. Prehospital fibrinolysis with dual antiplatelet
therapy in ST-elevation acute myocardial infarction: A
substudy of the randomized double blind CLARITY-TIMI 28
trial. J Thromb Thrombolysis 2007;23:173-9. doi: 10.1007/
$11239-006-9047-y.

Ayanian JZ, Hauptman PJ, Guadagnoli E, Antman EM, Pashos CL,
McNeil BJ. Knowledge and practices of generalist and specialist

physicians regarding drug therapy for acute myocardial
infarction. N Engl J Med 1994;331:1136-42. doi: 10.1056/
nejm199410273311707.

Majumdar SR, Inui TS, Gurwitz JH, Gillman MW, McLaughlin TJ,
Soumerai SB. Influence of physician specialty on adoption and
relinquishment of calcium channel blockers and other treatments
for myocardial infarction. J Gen Intern Med 2001;16:351-9. doi:
10.1046/7.1525-1497.2001.016006351 .x.

Jacobs AK. Regional systems of care for patients with ST-elevation
myocardial infarction: Being at the right place at the right time.
Circulation 2007;116:689-92. doi: 10.1161/circulationaha.
107.720946.

Mukherjee D, Eagle KA, Kline-Rogers E, Feldman LJ, Juliard JM,
Agnelli G, et al. Impact of prior peripheral arterial disease and
stroke on outcomes of acute coronary syndromes and effect of
evidence-based therapies (from the Global Registry of Acute

.Chinese Medical Journal | April 5,2017 | Volume 130 | Issue 7

765




46.

47.

48.

766

Coronary Events). Am J Cardiol 2007;100:1-6. doi: 10.1016/].
amjcard.2007.02.046.

Addala S, Grines CL, Dixon SR, Stone GW, Boura JA, Ochoa AB,
et al. Predicting mortality in patients with ST-elevation myocardial
infarction treated with primary percutaneous coronary intervention
(PAMI risk score). Am J Cardiol 2004;93:629-32. doi: 10.1016/j.
amjcard.2003.11.036.

Kuhn L, Page K, Rahman MA, Worrall-Carter L. Gender difference
in treatment and mortality of patients with ST-segment elevation
myocardial infarction admitted to Victorian public hospitals:
A retrospective database study. Aust Crit Care 2015;28:196-202. doi:
10.1016/j.aucc.2015.01.004.

Fonarow GC, Wright RS, Spencer FA, Fredrick PD, Dong W,
Every N, et al. Effect of statin use within the first 24 hours of
admission for acute myocardial infarction on early morbidity

49.

50.

SI.

and mortality. Am J Cardiol 2005;96:611-6. doi:
amjcard.2005.04.029.

Amann U, Kirchberger I, Heier M, Zirngibl A, von Scheidt W, Kuch B,
et al. Effect of renin-angiotensin system inhibitors on long-term
survival in patients treated with beta blockers and antiplatelet
agents after acute myocardial infarction (from the MONICA/KORA
Myocardial Infarction Registry). Am J Cardiol 2014;114:329-35. doi:
10.1016/j.amjcard.2014.04.046.

Liu HX, Wang SR, Lei Y, Shang JJ. Characteristics and advantages
of traditional Chinese medicine in the treatment of acute myocardial
infarction. J Tradit Chin Med 2011;31:269-72. doi: 10.1016/
S0254-6272(12)60002-8.

Wu T, Ni J, Wu J. Danshen (Chinese medicinal herb) preparations
for acute myocardial infarction. Cochrane Database Syst Rev
2008;16:CD004465. doi: 10.1002/14651858.CD004465.pub2.

10.1016/.

Chinese Medical Journal | April 5,2017 | Volume 130 | Issue 7-




