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Background: The rapid acquisition of an electrocardiogram (ECG) plays a crucial role in the diagnosis and management

decisions in patients with acute coronary syndrome (ACS).

Objectives: We determined the time-to-ECG acquisition, identified factors associated with timely acquisition, and

evaluated the influence of time-to-ECG on in-hospital mortality.

Methods: We measured the door-to-ECG time for 903 of 2140 patients in the emergency department of Far Eastern

Memorial Hospital with a diagnosis of ACS from January 1, 2016 to December 31, 2018, via a retrospective chart

review. The primary outcome was in-hospital mortality. Outcome analysis of mortality was conducted using

multivariable logistic regression. The secondary outcome was to determine which factors influenced whether or

not a patient received an ECG within 10 min. The analysis was conducted using multiple logistic regression.

Results: The median time-to-ECG was 5 min (interquartile range: 4-11 min) in all patients. In multivariable logistic

regression analysis, we found that older age and more severe heart-broken index were significantly related to timely

ECG acquisition. In-hospital mortality was higher in those in whom ECG was performed after more than 10 min.

However, in the multivariable logistic regression analysis, it did not have a significant positive correlation with ECG

acquisition time.

Conclusions: Timely ECG acquisition owing to the triage protocol at our institution, the heart-broken index, led to

early PCI and thus better outcomes for the ACS patients in this study. The implementation of a protocol-driven

timely evaluation of patients with ACS and prompt PCI are important.

Key Words: Acute coronary syndrome � Electrocardiogram � Non-ST-segment elevation myocardial

infarction and unstable angina � ST-elevation myocardial infarction

INTRODUCTION

Acute coronary syndrome (ACS) is an important is-

sue in Taiwan because of its high prevalence and fatal

outcomes. The wide adoption of reperfusion strategies,

including percutaneous coronary intervention (PCI), th-

rombolytic therapy, and the administration of antipla-
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Abbreviations

ACS Acute coronary syndrome

CABG Coronary artery bypass graft

CIs Confidence intervals

ECG Electrocardiogram

ECMO Extracorporeal membrane oxygenation

ED Emergency department

IQR Interquartile range

NSTE-ACS Non-ST-segment elevation myocardial infarction

and unstable angina

ORs Odds ratios

PCI Percutaneous coronary intervention

SD Standard deviation

STEMI ST-elevation myocardial infarction



telet agents has significantly reduced the adverse out-

comes of ACS.
1,2

A shortened time to reperfusion is as-

sociated with lower mortality and morbidity and has

also been endorsed by contemporary consensus. Thus, a

target 90 min door-to-balloon time is generally recom-

mended among national guidelines.
3

To achieve an opti-

mal door-to-balloon time, several strategies have been

applied, with the early recognition of ACS always the

main consideration.

The identification of an ACS event, including ST-seg-

ment-elevation myocardial infarction (STEMI) and non-

ST-segment elevation myocardial infarction and unsta-

ble angina (NSTE-ACS) is mainly based on clinical symp-

toms, an electrocardiogram (ECG), and cardiac enzymes.
4

Therefore, rapid acquisition of the ECG plays a crucial

step in the diagnosis and further management decisions.

A door-to-ECG time within 10 min is preferable once the

patient arrives at the hospital, especially for those with

ongoing chest pain.
5

It is also noteworthy that the incidence of NSTE-ACS

has been greater than that of STEMI since 2004 and is

still increasing, and that higher rates of mortality and

morbidity have been reported after discharge in patients

with NSTE-ACS compared to patients with STEMI.
6

Al-

though several studies have demonstrated a correlation

of prolonged door-to-ECG time with delayed reperfusion

therapy in patients with STEMI, leading to worse out-

comes, there is still limited evidence to support the same

association in patients with NSTE-ACS. Additionally, the

effect of the practical application of a 10 min door-to-ECG

time is still unclear in different clinical settings, as well as

the determining factors to achieve such a goal. It is im-

portant to examine this issue thoroughly to develop bet-

ter protocols for optimal door-to-ECG time.

Accordingly, the aim of this study was to evaluate

the current performance in obtaining an ECG within 10

min at our institution. We also identified the factors re-

lated to the door-to-ECG time and the consequences of

delayed acquisition according to the recommended time

interval.

METHODS

Study design

This was a retrospective cohort study conducted at

Far Eastern Memorial Hospital, a tertiary medical hospi-

tal in New Taipei City in northern Taiwan with an annual

census of approximately 130,000 emergency depart-

ment (ED) visits. The incidence of ACS at the ED is around

500 cases a year, with approximately 300 cases of pri-

mary PCI a year. We retrospectively enrolled patients

older than 18 years who were admitted through the ED

with a main diagnosis of ACS from January 1, 2016 to

December 31, 2018. The diagnosis of ACS was based on

the ESC/ACCF/AHA/WHF (European Society of Cardiology,

American College of Cardiology Foundation, American

Heart Association, and World Heart Federation) Third

Universal Definition. The main diagnosis was identified

using ICD codes (ICD 9: 410.0-410.9, 411.1, 413.9, ICD

10 I21.0-I21.A9, I20.0). We excluded patients who were

referred from the outpatient department, were trans-

ferred from other hospitals, or who had an out-of-hospi-

tal cardiac arrest. This study was approved by the Insti-

tutional Research Ethics Review Committee of Far East-

ern Memorial Hospital, and the committee waived the

requirement for informed consent.

Data collection and outcomes

Data on the patient baseline characteristics, mode

and timing of ED visit, symptoms and signs, heart-bro-

ken index, door-to-ECG time, door-to-balloon time, in-

tervention, disease severity on presentation (Killip score),

length of hospital stay, discharge date, in-hospital mor-

tality, and readmission were collected via chart review.

Baseline characteristics included age, sex, and past me-

dical history (diabetes, hypertension, coronary artery

disease, end-stage renal disease). Mode and timing of

the ED visit included transport to the ED by the patient

themselves or by ambulance, and three shifts (0:00-

8:00, 8:00-16:00, 16:00-24:00) of the hospital staff. Symp-

toms and signs included the patient’s symptoms, heart

rate, systolic blood pressure, and diastolic blood pres-

sure at triage. Heart-broken index is a scoring system

conducted at triage in our hospital, which is calculated

using typical symptoms of ACS
1

and composed of four

items: chest pain, cold sweat, epigastric pain, and short-

ness of breath. Each item is scored as one, except for

chest pain which is scored as two. If the heart-broken in-

dex is greater than or equal to two, then triage would

immediately perform ECG. The index has shown a high

diagnostic sensitivity for STEMI of 97%
7

and is regularly
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used during ED triage at Far Eastern Memorial Hospital.

Door-to-ECG time was defined as the interval from the

patient registration at the hospital to when the ECG was

obtained. Door-to-balloon time was defined as the in-

terval from the patient registration at the hospital to

first balloon inflation or device deployment in the pro-

cedure. Interventions included PCI, application of extra-

corporeal membrane oxygenation (ECMO), and coronary

artery bypass graft (CABG) surgery. In-hospital mortality

was defined as any mortality during hospitalization. Both

cardiovascular and non-cardiovascular deaths were in-

cluded in the analysis. The enrolled patients were first

divided into two groups: those with STEMI and those

with NSTE-ACS. We then further divided the patients

into four groups according to whether the door-to-ECG

time was > 10 min or � 10 min. The primary outcome of

this study was in-hospital mortality. We aimed to deter-

mine whether the length of door-to-ECG time would in-

fluence in-hospital mortality. The secondary outcome

was to determine which factors influenced whether or

not a patient received an ECG within 10 min.

Statistical analysis

Continuous variables were summarized using the

mean and standard deviation (SD) or median values with

interquartile range (IQR) based on their distributions.

Categorical variables were summarized as number and

percentage. The patient baseline characteristics, mode

and timing of the ED visit, symptoms and signs, heart-

broken index, door-to-ECG time, door-to-balloon time,

intervention, disease severity on presentation (Killip

score), length of hospital stay, discharge date, and mor-

tality were compared between groups using the Stu-

dent’s t test or Wilcoxon rank sum test for continuous

variables based on the distributions, and chi-square test

or Fisher’s exact test for categorical variables when ap-

propriate. Outcome analysis of in-hospital mortality was

conducted by multivariable logistic regression using all-

possible regression. Age, sex, past medical history (dia-

betes, hypertension, coronary artery disease, end-stage

renal disease), heart-broken index, door-to-balloon time,

intervention (PCI, CABG, ECMO), and Killip score were

included in the regression model. To evaluate which fac-

tors influenced whether the door-to-ECG time was with-

in a 10-min period or not, multiple logistic regression

was used to analyze patient variables. The results were

expressed as odds ratios (ORs) and 95% confidence in-

tervals (CIs). A p-value of 0.05 or less was considered to

be statistically significant. Statistical analysis was con-

ducted with IBM SPSS software, version 25.0.

RESULTS

The study sample comprised 2140 patient visits to

the ED between January 1, 2016 and December 31, 2018.

Patients referred from outpatient departments (87 vi-

sits), transferred from other hospitals (277 visits), who

arrived with out-of-hospital cardiac arrest (188 visits),

were discharged against medical advice (1 visit), and

who had duplicate data (673 visits) were excluded, leav-

ing 903 patients with 914 patient visits (Figure 1). Of the

914 patient visits, 475 visits (52%) involved STEMI and

439 visits (48%) involved NSTE-ACS. The demographics

are shown in Table 1. Those who had ECG performed

within 10 min more frequently presented with typical

symptoms such as chest pain, epigastric pain, cold sweat,

dyspnea and a higher heart-broken index. The door-to-

balloon time was significantly shorter in the STEMI pa-

tients who had ECG performed within 10 min.

The median time-to-ECG was 5 min (IQR: 4-11 min)

in all patients, 4 min (IQR: 3-5 min) in the STEMI pati-

ents with a door-to-ECG time < 10 min, 31 min (IQR:

13-57 min) in the STEMI patients with a door-to-ECG

time > 10 min, 4 min (IQR: 3-6 min) in the NSTE-ACS pa-
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Figure 1. Data collection flow chart. NSTE-ACS, non-ST-segment-ele-

vation myocardial infarction and unstable angina; STEMI, ST-segment-

elevation myocardial infarction.
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Table 1. Patient demographics

STEMI NSTE-ACS

All (n = 914) ECG > 10 min

(n = 89)

ECG � 10 min

(n = 386)

p ECG > 10 min

(n = 159)

ECG � 10 min

(n = 280)

p

Mean age (� SD) 60.86 � 12.7 61.39 � 14.8 58.2 � 11.1 < 0.06 67.27 � 12.9 60.63 � 12.7 < 0.01

Sex < 0.09 < 0.06

Male 743 (81.3%) 70 (78.7%) 331 (85.8%) 116 (73%)0.0 226 (80.7%)

Female 171 (18.7%) 19 (21.3%) 055 (14.2%) 43 (27%)0. 054 (19.3%)

Time to visit ED < 0.75 < 0.35

Night 230 (25.5%) 21 (23.6%) 089 (23.1%) 50 (31.4%) 70 (25%).

Day 362 (39.6%) 41 (46.1%) 164 (42.5%) 54 (34%)0. 103 (36.8%)

Evening 322 (35.2%) 27 (30.3%) 133 (34.5%) 55 (34.6%) 107 (38.2%)

SBP (� SD) 137 � 32.5 137.2 � 35.7 134.3 � 31.4 < 0.48 140.1 � 35.20. 141.7 � 30.6 < 0.63

DBP (� SD) 085 � 21.7 86.26 � 23.4 085.45 � 21.83 < 0.76 083 � 21.7 085 � 21 < 0.36

MAP (� SD) 102.6 � 23.90. 103.24 � 26.10 101.7 � 23.7 < 0.60 102 � 24.7 103.9 � 22.8 < 0.43

HR (� SD) 84.1 � 27.5. 87.44 � 25.7 078.5 � 31.5 < 0.01 93.4 � 55.5 085.3 � 22.6 < 0.01

Symptoms

Chest pain 711 (77.8%) 41 (46.1%) 359 (93.0%) < 0.01 43 (27%)0. 268 (95.7%) < 0.01

Epigastric pain 22 (2.4%) 8 (9%)0. 7 (1.8%) < 0.01 2 (1.3%) 05 (1.8%) 1

Cold sweat 192 (21%)0. 14 (15.7%) 124 (32.1%) < 0.01 7 (4.4%) 047 (16.8%) < 0.01

Dyspnea 222 (24.3%) 31 (34.8%) 76 (19.7%) < 0.01 54 (34%)0. 061 (21.8%) < 0.01

Heart-broken index < 0.01 < 0.01

0 114 (12.5%) 22 (24.7%) 15 (3.9%) 69 (43.4%) 08 (2.9%)

1 88 (9.6%) 25 (28.1%) 12 (3.1%) 46 (28.9%) 05 (1.8%)

2 433 (47.4%) 24 (27%) 196 (50.8%) 31 (19.5%) 182 (65%)0.

3 214 (23.4%) 10 (11.2%) 131 (33.9%) 11 (6.9%)0 062 (22.1%)

4 64 (7%) 8 (9%) 32 (8.3%) 2 (1.3%) 22 (7.9%)

Arrival at ED

By patient 635 (69.5%) 64 (71.9%) 253 (65.5%) 0.25 111 (69.8%)0 207 (73.9%) < 0.35

ECG time (IQR) 5 (4-11) 31 (13-57) 4 (3-5) 38 (24-68.5) 4 (3-6)

Door-to-balloon time < 0.01 < 0.54

� 90 min 356 (38.9%) 37 (41.6%) 317 (82.1%) 0 (0%) 02 (0.7%)

> 90 min 558 (61.1%) 52 (58.4%) 069 (17.9%) 159 (100%)0. 278 (99.3%)

Medical history

DM 327 (35.8%) 37 (41.6%) 112 (29%) 0.02 77 (48.4%) 101 (36.1%) < 0.01

HTN 594 (65%)0. 56 (62.9%) 224 (58%) 0.39 121 (76.1%)0 193 (68.9%) < 0.11

CAD 171 (18.7%) 7 (7.9%) 55 (14.2%) 0.10 45 (28.3%) 064 (22.9%) < 0.20

ESRD 52 (5.7%) 3 (3.4%) 8 (2.1%) 0.44 18 (11.3%) 23 (8.2%) < 0.28

Admission days (SD) 7.28 � 8.3 6.94 � 7.19 5.84 � 7.69 0.22 11.24 � 11.13 7.13 � 6.71 < 0.01

Killip score

Missing 241 (26.4%) 6 (6.7%) 35 (9.1%) 79 (49.7%) 121 (43.2%)

I 439 (48%)0. 52 (58.4%) 239 (61.9%) 33 (20.8%) 115 (41.1%)

II 097 (10.6%) 10 (11.2%) 056 (14.5%) 17 (10.7%) 14 (5%)0.

III 50 (5.5%) 6 (6.7%) 09 (2.3%) 18 (11.3%) 17 (6.1%)

IV 87 (9.5%) 15 (16.9%) 047 (12.2%) 12 (7.5%)0 13 (4.6%)

Disposition procedure

Death 64 (7%)0. 09 (10.1%) 16 (4.1%) < 0.02 24 (15.1%) 15 (5.4%) < 0.01

ECMO 40 (4.4%) 5 (5.6%) 15 (3.9%) < 0.56 9 (5.7%) 11 (3.9%) < 0.40

PCI 905 (99%)0. 89 (100%). 383 (99.2%) < 1.00 155 (97.5%)0 278 (99.3%) < 0.20

CABG 43 (4.7%) 1 (1.1%) 11 (2.8%) < 0.71 17 (10.7%) 14 (5%)0. < 0.03

CABG, coronary artery bypass graft; CAD, coronary artery disease; DBP, diastolic blood pressure; DM, diabetes mellitus; ECG,

electrocardiogram; ECMO, extracorporeal membrane oxygenation; ED, emergency department; EMS, emergency medicine system;

ESRD, end-stage renal disease; HR, heart rate; HTN, hypertension; IQR, interquartile range; MAP, mean arterial pressure; NSTE-ACS,

non-ST-segment-elevation myocardial infarction and unstable angina; PCI, percutaneous coronary intervention; SBP, systolic blood

pressure; SD, standard deviation; STEMI, ST-segment-elevation myocardial infarction.



tients with a door-to-ECG time < 10 min, and 38 min

(24-68.5 min) in the NSTE-ACS patients with a door-to-

ECG time > 10 min. We found that the patients with a

door-to-ECG time > 10 min usually presented with aty-

pical symptoms such as dizziness, abdominal pain and

cough. They were often initially diagnosed with vertigo,

gastritis and respiratory tract infections. Whether or not

a patient had an ECG performed within 10 min was sig-

nificantly associated with age, sex, diagnosis, first heart

rate at the ED, heart-broken index, and medical history.

We conducted multivariable logistic regression analysis

of these factors (Table 2), and found that younger age

and more severe heart-broken index were significantly

related to an early ECG acquisition. In the subgroup an-

alysis, early ECG acquisition time was associated with

younger age and more severe heart-broken index in the

patients with NSTE-ACS, but only heart-broken index was

a predictor of a timely ECG acquisition in the patients

with STEMI.

The death rate was higher in those who had ECG

performed after more than 10 min. The in-hospital mor-

tality rate was 7% in all patients, 5.3% in the patients

with STEMI, and 8.9% in the patients with NSTE-ACS. It

was higher in those who had ECG performed after more

than 10 min (Table 1). However, in the multivariable lo-

gistic regression analysis, it did not have a significant

positive correlation with ECG acquisition time (OR: 1.25;

95% CI: 0.54-2.89; p = 0.61) (Table 3). In the subgroup

analysis, in-hospital mortality rate was also not signifi-

cantly associated with ECG acquisition time in both the

patients with STEMI (OR: 1.31; 95% CI: 0.38-4.55; p =

0.67) and NSTE-ACS (OR: 1.56; 95% CI: 0.07-34.77; p =

0.78) (Table 3).

DISCUSSION

The American Heart Association guidelines for STEMI

and NSTE-ACS recommend that an ECG should be ob-

tained in all patients with suspected STEMI/NSTE-ACS

and ongoing chest pain within 10 min of presentation.
5,8

Delayed ECG acquisition has been associated with de-

layed fibrinolytic treatment in patients with STEMI.
9

However, it is unclear whether ECG acquisition time

would influence the treatment of patients with NSTE-

ACS. Therefore, this study examined the current practice

with regards to ECG acquisition, identified factors that

influenced adherence, and explored their relationships

with adverse clinical outcomes in patients with STEMI/

NSTE-ACS who presented to the ED.

The results of our study suggested that the current

ED practice of obtaining an ECG adhered to the recom-

mended guidelines in patients with chest pain. The me-

dian time-to-ECG was 5 min (IQR: 4-11 min) in all pati-
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Table 2. Multivariable logistic regression analysis of factors which influence door-to-ECG time

All STEMI NSTE-ACS
Independent

OR 95% CI p OR 95% CI p OR 95% CI p

Male 0.93 (0.57-1.51) 0.76 0.77 (0.37-1.60) 0.48 1.06 (0.52-2.14) 0.88

Age 0.98 (0.97-0.99) 0.02 0.99 (0.97-1.02) 0.73 0.97 (0.95-0.99) 0.01

HR 0.99 (0.99-1.00) 0.10 0.99 (0.98-1.01) 0.27 0.99 (0.98-1.01) 0.15

DM 0.90 (0.59-1.36) 0.62 0.78 (0.43-1.40) 0.41 0.98 (0.54-1.82) 0.98

HTN 0.71 (0.46-1.09) 0.12 0.76 (0.43-1.35) 0.35 0.81 (0.41-1.59) 0.54

CAD 0.86 (0.53-1.41) 0.55 1.87 (0.69-5.07) 00.216 0.66 (0.34-1.27) 0.21

ESRD 1.12 (0.51-2.49) 0.78 0.80 (0.14-4.52) 0.80 1.46 (0.52-4.11) 0.47

Heart-broken index* < 0.01 < < 0.01 < < 0.01 <

Heart-broken index (1) 1.15 (0.56-2.36) 0.71 0.73 (0.27-1.98) 0.54 1.24 (0.37-4.19) 0.73

Heart-broken index (2) 26.8 (15.5-46.5) < 0.01 < 11.2 (5.1-24.9)0 < 0.01 < 52.1 (22.2-121). < 0.01 <

Heart-broken index (3) 33.9 (17.6-65.4) < 0.01 < 16.4 (6.42-41.8) < 0.01 < 56.6 (20.3-157). < 0.01 <

Heart-broken index (4) 19.8 (8.6-45.2)0 < 0.01 < 4.88 (1.79-13.8) < 0.01 < 116 (21.9-614). < 0.01 <

CAD, coronary artery disease; CI, confidence interval; DM, diabetes mellitus; ECG, electrocardiogram; ESRD, end-stage renal

disease; HR, heart rate; HTN, hypertension; NSTE-ACS, non-ST-segment elevation myocardial infarction and unstable angina; OR,

odds ratio; STEMI, ST-segment-elevation myocardial infarction.

* The reference group of heart-broken index is score 0.



ents. However, for those who had a door-to-ECG time >

10 minutes, the median time-to-ECG was 31 min in the

STEMI patients and 38 min in the NSTE-ACS patients.

The delayed acquisition time may be due to the initial

atypical presentations. Prior studies have also evaluated

potential predictors of a delay in the acquisition of an

ECG. Lambrew et al.
10

reported that sex and mode of

transportation were factors affecting the time-to-ECG in

patients with STEMI. Phelan et al.
11

identified two main

causes of a delayed ECG acquisition time > 10 min: pri-

ority delay (e.g., completing triage and registration data

entry tasks before the ECG), and failure to recognize

patients with non-chest pain STEMI symptoms.

Our findings demonstrated that age and heart-bro-

ken index were predictors of a timely ECG acquisition in

the patients with NSTE-ACS, but that only heart-broken

index was a predictor of an ECG being performed within

10 min of presentation in the patients with STEMI. Mul-

tiple studies have shown that a protocol-driven evalua-

tion of patients with STEMI improves time-to-ECG and

treatment.
12-14

Glickman et al.
14

reported that the pre-

dictors of patients requiring an immediate ECG in the ED

were: age � 30 years with chest pain; age � 50 years with

shortness of breath, altered mental status, upper extrem-

ity pain, syncope, or generalized weakness; and age � 80

years with abdominal pain or nausea/vomiting. They had

a sensitivity of 91.9% for STEMI and a negative predic-

tive value of 99.98%. A simple ECG prioritization rule

based on age and presenting symptoms in the ED can

identify patients during triage who are at high risk of

STEMI so that they receive an immediate 12-lead ECG.

Other triage protocols are also applied for ACS pa-

tients in the hospitals in Taiwan. For example, the ASAP

Score developed by China Medical University Hospital is

composed of: male age > 50 years, female age > 60 years,

symptoms of altered consciousness/general weakness/

epigastric pain/vomiting and past history of diabetes

mellitus/hypertension/previous ACS event. The ECG is
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Table 3. Multivariable logistic regression analysis of in-hospital mortality

All STEMI NSTE-ACS
Independent Reference category

OR 95% CI p OR 95% CI p OR 95% CI p

ECG time < 10 min ECG time > 10 min 1.25 0.54 2.89 0.61 1.31 0.38 4.55 0.67 1.56 0.07 34.77 0.78

DM 0.72 0.32 1.63 0.43 0.70 0.21 2.38 0.57 1.08 0.20 06.16 0.93

HTN 0.88 0.41 1.90 0.74 1.15 0.33 3.99 0.82 0.13 0.01 01.43 0.10

CAD 2.08 0.84 5.14 0.11 1.49 0.33 6.74 0.61 11.480 1.51 87.03 0.02

ESRD 0.98 0.17 5.74 0.98 1.35 0.15 12.6 0.79 56.720 0.80 392.4 00.062

ECMO 0.99 0.99 89.520 60.5 774.4 00.001

PCI 0.25 0.02 2.93 0.27 12.4 0.30 39.6 0.99 54.990 0.10 289.2 00.999

CABG 1.36 0.29 6.33 0.70 10.4 1.48 73.2 0.02 11.160 0.44 281.9 0.14

Male Female 1.42 0.53 3.79 0.48 1.07 0.24 4.73 0.9 0.06 0.01 00.66 0.02

Age 1.01 0.98 1.04 0.70 0.97 0.93 1.02 0.22 1.17 1.10 01.28 00.002

PCI < 90 min PCI > 90 min 1.07 0.37 3.10 0.90 1.13 0.26 4.93 0.87 7.47 0.08 18.37 0.10

Heart-broken index* 0.16 0.27 0.43

Heart-broken index (1) 43.3 0.56 182 0.99 9.74 0.06 16.4 0.99 6.90 0.02 19.83 0.99

Heart-broken index (2) 98.8 0.76 328 0.99 74.6 0.34 254 0.99 5.61 0.05 24.44 0.99

Heart-broken index (3) 222 0.62 431 0.99 19 0.15 65.8 0.99 6.61 0.04 29.22 0.99

Heart-broken index (4) 352 0.44 511 0.99 20.4 0.55 825 0.99 8.38 0.05 36.08 0.99

Killip score
#

0.01 0.01 0.99

Killip score (1) 17.5 6.71 45.5 0.01 41.7 8.40 201 0.01 1.28 0.10 15.93 0.99

Killip score (2) 4.65 1.73 12.5 0.01 6.02 1.35 27 0.02 1.22 0.07 22.23 0.85

Killip score (3) 9.52 2.36 38.5 0.01 11.4 0.97 124 0.05 00.992 0.04 25.46 0.90

CABG, coronary artery bypass graft; CAD, coronary artery disease; CI, confidence interval; DM, diabetes mellitus; ECG,

electrocardiogram; ECMO, extracorporeal membrane oxygenation; ESRD, end-stage renal disease; HTN, hypertension; NSTE-ACS,

non-ST-segment elevation myocardial infarction and unstable angina; OR, odds ratio; PCI, percutaneous coronary intervention;

STEMI, ST-segment-elevation myocardial infarction.

* The reference group of heart-broken index is score 0.
#

The reference group of Killip score is class I.



performed within 10 min in patients with more than 3 of

these characteristics. The score has been shown to im-

prove the recognition of an atypical presentation of ACS

and lower the ECG acquisition time. In addition, with

the application of artificial intelligence systems to assist

in the interpretation of ECG, the specificity of diagnos-

ing ACS was 86% and positive predictive value was 100%.
17

Although the actual sensitivity and specificity were not

obtained in this study, the heart-broken index in our hos-

pital is composed of only 4 symptoms, and it demonst-

rated good results with regards to timely ECG acquisi-

tion. Future triage protocols and assisted interpretation

of ECG by artificial intelligence systems may significantly

lower the door-to-balloon time and improve the outcomes

of ACS patients. This triage system may also be promoted

in more hospitals.

In-hospital mortality was higher in those who had

ECG performed after more than 10 min. However, in the

multivariable logistic regression analysis, ECG acquisition

time was not significantly associated with in-hospital

mortality, and the results remained the same in both the

patients with STEMI and in the patients with NSTE-ACS.

We supposed that those who had ECG performed after

more than 10 min presented with atypical symptoms and

also had more comorbidities. Therefore, the in-hospital

mortality rate was higher but not associated with ECG

acquisition time in the multivariable logistic regression

analysis. Although we found that delayed ECG acquisi-

tion was not predictive of adverse events in our study,

Diercks et al.
15

found an increase in the risk of recurrent

myocardial infarction or death in or out of the hospital

in STEMI patients with an ECG acquisition time > 10 min.

However, ECG acquisition time was much longer in their

study with a median time of 20 min. We propose that

the timely ECG acquisition owing to the triage protocol

at our institution led to an early PCI. Therefore, ECG ac-

quisition time was not significantly associated with ad-

verse events.

The overall in-hospital mortality rate of the ACS pa-

tients in our study was 7%, which is lower than that (16%)

reported in 2015 from the population in Taiwan.
16

In sub-

group analysis, the in-hospital mortality rates of both

STEMI and NSTE-ACS patients in our study were also lower

(STEMI: 5.26% vs. 7.62%; NSTEMI: 8.88% vs. 13.45%).

We propose that the timely ECG acquisition owing to

the triage protocol at our institution led to an early PCI

and thus better outcomes for the ACS patients in our

study.

Limitations

This study has several limitations. First, it is a retro-

spective study from chart review in a single institution.

The study size may be underpowered. Hence, the results

cannot be generalized to other institutions or in other

countries. A prospective, multicenter, cohort study is

still necessary to verify our results. Second, because we

used ED discharge diagnosis to group patients, classifica-

tion error is possible in the patients initially identified as

having noncardiac chest pain who were later diagnosed

with myocardial infarction based on subsequent labora-

tory findings. Third, the multivariable logistic regression

analysis may have involved overfitting and collinearity.

The results should therefore be interpreted with caution.

CONCLUSION

We found that patients with an ECG acquisition time

< 10 min usually presented with a younger age and typi-

cal symptoms. Timely ECG acquisition owing to the tri-

age protocol with the heart-broken index at our institu-

tion led to an early PCI and thus better outcomes for the

ACS patients in our study. The implementation of a pro-

tocol-driven timely evaluation of patients with ACS and

prompt PCI are important.
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