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ARTICLE INFO ABSTRACT

Introduction: The effectiveness of treatment and prognosis of patients with type 1 myocardial infarction are
highly correlated with time of diagnosis. This study aimed to develop a type 1 MI rapid screening scale
(T1Mirs scale) suitable for emergency pre-diagnosis.
Methods: A total of 1928 patients who underwent coronary angiography were enrolled. Multivariate regression
analysis was used to identify the independent risk factors of type 1 MI. And the T1MIrs scale was developed and
evaluated according to the multivariate regression result.
Results: The incidence of type 1 MI was 23.3% in the population with suspected acute coronary syndrome. After 5
adjusting for relevant factors, MEWS score (OR = 1.809, 95%CI 1.623-2.016, P < .001), typical symptoms
(OR = 9.826, 95%CI 7.379-13.084, P < .001), male (OR = 2.184, 95%CI 1.602-2.979, P < .001), age
(OR = 1.021, 95%CI 1.009-1.033, P = .001), history of diabetes (OR = 2.174, 95%CI 1.594-2.963,
P <.001) and current smoker (OR = 2.498, 95%CI 1.550-4.026, P < .001) were the independent risk factors
for type 1 ML The T1MIrs scale is established based on risk factors, with a range of 0-8 points. The incidence
of type 1 Ml is ascending with the scale (0.3% vs. 3.7% vs. 14.3% vs. 34.9% vs. 57% vs. 76.4% vs. 84.2% vs. 87.5%
vs. 100%, P for trend <0.001).
Conclusions: Type 1 Ml is common in patients with suspected acute coronary syndrome in emergency de-
partment. The T1MIrs scale could act as a rapid pre-examination triage of suspected population in emer-
gency department, which is meaningful to screen out type 1 MI patients as soon as possible.
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1. Background

Type 1 myocardial infarction (Type 1 MI) [1] refers to unstable plaque
ulceration and rupture on the basis of coronary atherosclerosis, secondary
acute thrombosis, leading to spontaneous myocardial infarction, which is
one of the most common critical illnesses in emergency department. The

Abbreviations: Type 1 MI, Type 1 myocardial infarction; TIMIrs scale, Type 1
myocardial infarction rapid screening scale; DTB, Door-to-Balloon; MEWS, The modified
early warning score; SRI, Simple Risk Index; OR, Odds ratio; CI, confidence interval; SD,
standard deviation; IQR, Interquartile range; ACS, acute coronary syndrome.
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prognosis of MI is highly time dependent, when the coronary artery is
completely occluded, only a small portion of the affected myocardium
will be necrotic in the first 20-30 min; The necrotic area will escalate to
about 30% after 40 min, ~50% after 3 h, ~70% after 6 h and ~ 80% after
24 h. This dependency makes the effectiveness of treatment and the in-
hospital mortality rate of Type 1 MI patients increase significantly with
the onset time (<90 min, 3% vs. >150 min, 7.4%) [2]. The AHA/ACC treat-
ment guidelines for Type 1 MI clearly indicate that the time from hospital
visit to the first balloon-expansion (Door-to-Balloon, DTB) should be
within 90 min [3], but in actual clinical practice, in-hospital delay is still
prevalent. As demonstrated in the study of Dr. Park ], different diagnostic
algorithms and initial work up tests should hold the balance for DTB [4],
indicating that a quickly screening method for high-risk Type 1 MI pa-
tients could help to shorten the DTB time in emergency department.
The Chinese government has vigorously promoted the construction
of primary chest pain center with great attention since November
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2015 [5], aiming at reducing the impact of Type 1 MI patients due to
the prolonged DTB time as well as screening out the high-risk Type 1
MI patients as early as possible. During the construction process,
several potential problems emerged from the emergency pre-
examination triage: 1. the emergency pre-examination triage is a
non-cardiovascular professional, and most of physicians decide
whether to enter the procedure of chest pain by acquiring medical
history and appraising chest pain performance, which could result
in delayed or missed diagnosis, misdiagnosis or overtreatment. 2,
up to date troponin level is still the most essential standard for the
diagnosis of myocardial infarction, while on one hand the measure-
ment process takes at least 15 min [6]; on the other hand, troponin
begins to rise in about 3 to 4 h after MI onset, which implies it is
not suitable as a basis for rapid diagnosis in emergency department.
3, shorten DTB time could possibly lead to increased stress and pro-
fessional requirement of the emergency pre-examination triage.
Therefore, it is particularly important to establish a rapid screening
scale based on the symptoms of patients with chest pain and suitable
for emergency pre-examination triage.

The modified early warning score (MEWS) has been widely
used in clinical practice for rapid screening of emergency pre-
examination triage, especially screening for critically ill patients
in emergency department [7], [Supplementary Tables]. Patients
with Type 1 MI are often accompanied by a variety of potentially
fatal symptoms like hypotension, bradycardia or tachycardia.
These symptoms scored relatively higher in MEWS, indicating
that patients with Type 1 MI might have higher MEWS score. In a
study of 2014 [8], MEWS owned a good prediction ability for
acute cardiac complications with area under curve = 0.672. Simple
Risk Index (SRI), with clinical significance in quick and efficient risk
evaluation for suspected STEMI patients, is also used in clinical
practice [9]. According to this research, SRI could be calculated by
(heart rate x [age/10]?)/systolic blood pressure. This score had a
strong prediction capacity with C-index = 0.78. However, SRI was
established for prehospital emergency environment or paramedics.
Based on the scores and syndrome features of MI patients, we attempted
to establish a Type 1 MI rapid screening scale for patients with non-
traumatic chest pain and suspected acute coronary syndrome in order
to provide a basis for reducing the chance of missed diagnosis, misdiagno-
sis or over-treatment due to subjective human factors.

2. Methods
2.1. Study population

Patients in the emergency department of chest pain center of
Jiading District Central Hospital affiliated to Shanghai University
of Medicine and Health Science from January 2015 to December
2016 were consecutively enrolled. Inclusion criteria: patients
with suspected acute coronary syndrome [10]; Exclusion criteria:
patients with traumatic chest pain, patients with stable angina
pectoris, patients with type 3 myocardial infarction, patients with
unexplained sudden death, pulmonary embolism, aortic dissec-
tion, and contraindications for angiography. The study was ap-
proved by the hospital ethics committee, and all patients or their
legal attorney in the study were informed before enrollment.

2.2. Data

General clinical data (gender and age), comorbidities (hypertension
and diabetes), lifestyle history (smoking and alcohol consumption), and
the symptoms (typical symptoms or atypical symptoms) of the patient
at the time of the visit was collected, MEWS score is calculated from the
real-time vital signs monitoring value, the patient's prognosis and diag-
nosis was followed up to death or discharge from the hospital. The pa-
tients were divided into two groups according to whether ultimately

diagnosed as Type 1 ML The general clinical data of the two groups
were analyzed. Multivariate logistic regression was used to identify
the independent risk factors for Type 1 MI, and the Type 1 Ml screen-
ing score scale was introduced based on the results of the regression
analysis.

2.3. Diagnostic criteria

1. Diagnostic criteria for myocardial infarction: refer to the “The Fourth
Global Definition of Myocardial Infarction” of the European Society of
Cardiology (ESC) 2018 [11]. Specifically: the detection of myocardial
biomarkers (cTn) increased, exceeding the 99th percentile of the
upper reference limit at least once and observed at least one of the
following clinical evidences of acute myocardial ischemia: (1) acute
myocardial ischemia; (2) meaningful or suspected new-onset ST-T
changes or new left bundle branch block; (3) pathological Q wave
in ECG; (4) imaging evidence suggesting new viable myocardium
loss or new local wall motion abnormalities; (5) by angiography or
autopsy confirmed coronary thrombosis.

2. Diagnostic criteria for hypertension [12]: If the systolic blood pres-
sure level is >140 mmHg for three consecutive days, and/or the dia-
stolic blood pressure is 290 mmHg, it is diagnosed as hypertension.

3. Diagnostic criteria for diabetes [13]: The following three conditions
can be used to determine the presence of diabetes: random blood
glucose greater than or equal to 11.1 mmol/L with a history of diabe-
tes; fasting blood glucose greater than or equal to 7 mmo1/L; 2 h
blood glucose level of Oral Glucose Tolerance Test was greater than
or equal to 11.1 mmol/L.

4. The typical symptoms of myocardial infarction criteria [14]: rapid
onset, long duration of pain, located in the substernal or precordial
area, radiating pain to the left neck, left arm, crushed pain often
accompanied by sudden death.

2.4, Statistical method

Statistical analysis was performed using IBM SPSS 19.0 software.
Continuous variable data with normal distribution was expressed as
mean + standard deviation (Mean + SD), and was analyzed by t-test;
the indicator that does not conform to the normal distribution was pre-
sented as median (first quartile distance ~ third Interquartile range), ie
M (Q1 ~ Q3), and was analyzed using a nonparametric test (M-W test).
Categorical variable data was expressed as rate, and X 2 test was used for
comparison. Multivariate logistic regression analysis was used to iden-
tify independent risk factors for myocardial infarction. Receiver opera-
tor curve (ROC) test was used to determine the predictive value of
T1MIrs scale, MEWS score and SRI score for Type 1 MI. The myocardial
infarction screening scale was established with relevant risk factors,
and the scores and myocardial infarction were analyzed. The differences
were statistically significant at P < .05.

3. Resust
3.1. Population and baseline characteristics

A total of 4220 patients were continuously enrolled in the emergency
chest pain center, including 513 patients with traumatic chest pain, 858
patients with stable angina pectoris, 217 patients with treatment
abandoning, and 47 patients with type 3 myocardial infarction. There
were 31 patients with unexplained sudden death, 25 patients with pul-
monary embolism, 22 patients with aortic dissection and 16 patients
with unknown diagnosis. The remaining 2491 patients were diagnosed
with acute coronary syndrome and underwent coronary angiography,
in which 369 patients who refused to conduct coronary angiography
and 194 patients with contrast contraindications (101 patients with se-
vere heart failure, angiography, 12 patients with allergic reactions, 23 pa-
tients with severe coagulopathy and 58 patients with severe hepatorenal
dysfunction) were excluded. After exclusion a total of 1928 patients were
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Fig. 1. Flow diagram of patients.

included in the analysis (Fig. 1), including 1122 males (58.2%) and 806 fe-
males (41.8%), the average age was (64.27 4+ 12.11) years old, and 449
patients were diagnosed with Type 1 MI. The incidence of Type 1 MI
was 10.6% (449/4220) in the overall population, 23.3% (449/1928) in
the suspected acute coronary syndrome, and the in hospital mortality
was 1.1% (22/1928).

3.2. Comparison between Type 1 MI and non-Type 1 MI patients

Compared with non-Type 1 MI patients, the MEWS score (3 (2-3)
vs. 1 (1-2), P < .001) and SRI score (26.0(18.1-35.7) vs. 21.8
(16.5-28.2), P < .001) of Type 1 MI patients, with typical symptom
rate (65.7% vs. 11.5%, P < .001), combined high Blood pressure rate
(70.2% vs. 64.0%, P = .017), combined diabetes rate (33.4% vs. 16.8%,
P < .001), current smoker rate (16.3% vs. 5.5%, P < .001), current drink
rate (4.9%) vs. 2.3%, P = .004), case fatality rate (3.8% vs. 0.3%,
P < .001) and male ratio (76.4% vs. 52.7%, P < .001) were significantly
elevated, as shown in Table 1. Meanwhile, the similar results were
reached within non-STEMI patients in the subgroup analysis (Supple-
mentary tables).

Table 1
Comparison of clinical data and scores between the two groups.
All TIMI Non-T1MI  p-value for
N =1928 N = 449 N = 1479 TIMlvs.
non T1MI
Male [n(%)] 1122(58.2) 343(76.4) 779(52.7) <0.001
Age (Mean & SD, years) 64.27 65.19 63.99 0.097
+ 12.11 + 13.92 + 11.49
Current smoker [n(%)] 154(8.0) 73(16.3) 81(5.5) <0.001
Current drinker [n(%)] 56(2.9) 22(4.9) 34(2.3) 0.004

Complications [n(%)]
Hypertension
Diabetes
Atrial fibrillation

1262(65.5) 315(70.2)
398(20.6) 150(33.4) 248(16.8) <0.001
201(104)  49(10.9) 152(10.3)  0.699

Hyperlipidemia 155(8.0) 31(6.9) 124(8.4) 0312
Typical symptoms [n(%)] 465(24.1)  295(65.7) 170(11.5)  <0.001
Early warning score [M

(Q1 ~ Q3),score]

947(64.0)  0.017

MEWS score 1(1-3) 3(2-3) 1(1-2) <0.001

SRI score 22,6 26.0 218 <0.001
(16.8-29.9) (18.1-35.7) (16.5-28.2)

Death [n(%)] 22(1.1) 17(3.8) 5(0.3) <0.001

3.3. Regression analysis

Multivariate logistic regression analysis found that MEWS score
(OR = 1.809, 95% CI 1.623-2.016, P < .001), typical symptoms
(OR = 9.826, 95% CI 7.379-13.084, P < .001), male (OR = 2.184,
95% CI 1.602-2.979, P < .001), age (OR = 1.021, 95% CI
1.009-1.033, P = .001), history of diabetes (OR = 2.174, 95% CI
1.594-2.963, P < .001) and current smoker (OR = 2.498, 95% CI
1.550-4.026, p < .001) were independent risk factors for Type 1 MI
(Table 2, Model 1). Meanwhile, SRI score (OR = 1.084, 95% CI
1.064-1.105, P < .001), typical symptoms (OR = 15.360, 95% CI
11.555-20.419, P < .001), male (OR = 2.315, 95% CI 1.702-3.148,

Table 2
Multivariate logistic regression analysis for independent factors.
Factor OR 95% CI P-value
Model 1C-index = 0.649
Male 2.184 1.602-2.979 <0.001
Age 1.021 1.009-1.033 0.001
Diabetes 2.174 1.594-2.963 <0.001
Current smoker 2498 1.550-4.026 <0.001
Current drinker 0.997 0.474-2.097 0.993
MEWS score 1.809 1.623-2.016 <0.001
Typical symptoms 9.826 7.379-13.084 <0.001
Hypertension 1.294 0.955-1.755 0.097
Model 2C-index = 0.563
Male 2315 1.702-3.148 <0.001
Age 0.968 0.951-0.985 0.001
Diabetes 2219 1.634-3.013 <0.001
Current smoker 2495 1.543-4.033 <0.001
Current drinker 0.961 0.460-2.009 0916
SRI score 1.084 1.064-1.105 <0.001
Typical symptoms 15.360 11.555-20.419 <0.001
Hypertension 1.522 1.126-2.058 0.006
Model 3C-index = 0.581
Male 2212 1.623-3.016 <0.001
Age (< 73 years) 0.446 0.326-0.609 <0.001
Diabetes 2.299 1.682-3.142 <0.001
Current smoker 2.561 1.564-4.191 <0.001
Current drinker 1.119 0.522-2.399 0.773
Typical symptoms 7.281 5.409-9.800 <0.001
MEWS score (points)
>5 12.072 6.574-22.168 <0.001
2-5 6.197 4.413-8.703 <0.001
<2 Ref.
Hypertension 1.308 0.965-1.774 0.083
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Table 3
Rapid screening scale for type 1 myocardial infarction.
Factor Score
Male
yes 1
no 0
Diabetes
yes 1
no 0
Current smoker
yes 1
no 0
Typical symptoms
yes 2
no 0
Age
273 years 1
<73 years 0
MEWS score
25 point 2
>2 point 1
>1 point 0
Total 0-8 points

P <.001), age (OR = 0.968, 95% C1 0.951-0.985, P = .001), history of
diabetes (OR = 2.219, 95% CI 1.634-3.013, P < .001) and current
smoker (OR = 2.495, 95% CI 1.543-4.033, p < .001) were indepen-
dent risk factors for Type 1 MI (Table 2, Model 2). When the Type 1
MI was diagnosed with age as the independent variable, the optimal
cut-off value was 73 years old. Further multivariate regression analysis
found that after adjusting for typical symptoms, gender, age, diabetes his-
tory, and current smoker, the risk of developing Type 1 MI was signifi-
cantly increased for patients with MEWS 25 points relative to MEWS <2
points (OR = 12.072, 95% CI 6.574-22.168, P < .001) and 2 to 5 points
(OR = 6.197, 95% CI 4.413-8.703, P < .001) (Table 2, Model 3).

3.4. The predictive value of the scores

The T1MlIrs scale (Area Under Curve (AUC) 0.869, 95%CI
0.852-0.886, P < .001) showed significantly better pre-screening
efficacy for Type 1 MI in suspected ACS patients than MEWS
score (AUC 0.800, 95%CI 0.777-0.823, P < .001) and SRI score
(AUC 0.605, 95%CI 0.573-0.637, P < .001), even the other two
also had potential value (Supplementary Fig. 1).

3.5. Establishment of T1MIrs scale

T1MIrs scale was established according to the independent risk fac-
tors in the regression analysis, specifically MEWS score (25, 2 points;
2-5, 1 point; <2,0 points), typical symptoms (yes, 2 points; no, 0
points), male (yes, 1 point; no, 0 points), age (274, 1 point; <73,0
points), diabetes (yes, 1 point; no, 0 points), current smoker (Yes), 1
point; no, 0 points), the total score range is 0-8 points (Table 3).

3.6. Validation of the T1MIrs scale

According to the T1MIrs Scale, the incidence of Type 1 Ml increased
with the increase of the score (0.3% vs. 3.7% vs. 14.3% vs. 34.9% vs.
57.0% vs. 76.4% vs. 84.2% vs. 87.5%) Vs.100%, P for trend<0.001)
(Supplementary Fig. 2).

4. Discussion

In this study, patients with suspected acute coronary syndrome in
emergency department has a high incidence of Type 1 MI. According
to our study, as an emergency pre-examination triage, the Type 1 MI
Rapid Screening Scale successfully made it both effective and accurate
to screen out Type 1 MI within suspected patients.

Early, rapid, and complete coronary vascular recanalization in
Type 1 MI patients is key to improving prognosis. Establishing a re-
gional collaborative treatment network and standardizing chest
pain centers are effective means to shorten the time from DTB to re-
canalization procedure. The international standard of DTB is limited
to 90 min, but the compliance rate worldwide is only 70% [15]. Stud-
ies have shown that emergency departmental staff cannot identify
high-risk patients quickly and effectively due to the limitation of
professional knowledge, especially asymptomatic Type 1 MI pa-
tients, which hinders patients from being referred to specialist treat-
ment in time, and was identified as an independent risk factor for
hospital delay [16]. Therefore, accurate and rapid identification of
the Type 1 MI in the emergency triage is crucial for reducing DTB.
However, currently there is no objective scale for this purpose. Al-
though MEWS score and SRI score have been widely used in clinical
practice because of its simplicity, effectiveness and operability, the
lack of specificity in identifying Type 1 MI makes the scores not suit-
able for this job alone. At the same time, the diagnosis of Type 1 Ml is
based on patients with relevant risk factors. Based on the above sit-
uation, for emergency chest pain patients, we tried to establish a
rapid screening scale combining the scores with risk factors related
to myocardial infarction, which can be applied to the rapid pre-
examination of Type 1 MI in emergency department.

In this study the population of Type 1 MI accounted for nearly a
quarter of whole population with suspected acute coronary syndrome
(ACS) in emergency department, which was similar to previous studies
[1], it also suggested that attention should be paid to reduce DTB time by
timely screening the potential Type 1 MI patients in this population
group. Significantly predominant in the Type 1 MI subgroup, the risk
factors such as male, aging, diabetes and current smoker were ulti-
mately proved to be independent risk factors by our analysis, which
was consistent with previous studies [17-19], and they could be consid-
ered as cornerstones of the risk assessment scale. On the other hand, the
MEWS score and SRI score were significantly increased in the Type 1 MI
population. After adjusting for other factors, we observed that the two
scores are independent risk factors for Type 1 MI, which indicates that
the scores have certain potential value for rapid screening of Type 1
Ml in patients with acute chest pain. However, the MEWS score showed
significantly better pre-screening efficacy for Type 1 Ml in suspected
ACS patients than SRI, even SRI score also had potential value.

Based the background above we assigned these independent fac-
tors and the MEWS score according to their correlation to Type 1 MI
to introduce a T1MIrs scale with a score range of 0-8. Statistical anal-
ysis showed that the incidence of Type 1 MI increased with the
T1MiIrs scale, and the incidence of Type 1 MI reach 100% when
Type 1 MlIrs scale is 8 (highest), indicating the potential clinical ap-
plication value of TIMIrs scale in rapidly screening Type 1 MI popu-
lation in patients with acute chest pain. Furthermore, the T1MIrs
scale showed significantly better pre-screening efficacy for Type 1
MI in suspected ACS patients. In addition, the simplicity of the
T1MIrs scale makes it accessible for different levels of professional
knowledge background of the emergency triage; Taking advantage
of fast result obtainment, the T1MIrs scale is recommendable to the
emergency department for emergency suspected ACS, especially
for primary hospitals (non-tertiary medical center whose facilities
and specialists were not as adequate or impeccable as tertiary
medical center).

This study has certain limitations. First, this is a single-center study.
Although the sample size is relatively large, patients sources was mainly
concentrated in the local and surrounding cities, which may be regional,
a multi-centered study should be conducted for further confirmation;
secondly, 10% of patients refused to undergo angiography and therefore
were excluded, the potential Type 1 MI patients may have a certain im-
pact on the results. Besides, as a retrospective non-randomized study,
the relatively group comparison was not good enough, which lowered
the strength of our work. Finally, the current smoker rate and current
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drink rate in this study are lower than the average level in Shanghai,
which may be related to the strict control of tobacco in Shanghai, the
strengthening of public science knowledge and the living habits of
local elderly [20].

5. Conclusion

Type 1 Mlis common in patients with suspected acute coronary syn-
drome in emergency department. The T1MIrs scale based on indepen-
dent clinical risk factors could act as a rapid pre-examination triage of
suspected population in emergency department, which is meaningful
to screen out Type 1 MI patients as soon as possible.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.ijcard.2020.08.008.
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