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Background: The prognostic implications of the admission cTnI level and D2B time 
combined on in-hospital and 1-year heart failure (HF) and mortality in STEMI patients 
undergoing a primary percutaneous coronary intervention (PCI) are remain uncertain.
Methods and Results: We divided the consecutive 1485 STEMI patients who underwent 
PCI from January 2015 to October 2019 at our hospital into three groups based on their 
admission cTnI levels: normal group (<0.1 ng/mL), middle group (0.1 to less than 3 ng/mL), 
and high group (≥3 ng/mL) and into two groups by their D2B times: >90 min (>90-D2B) and 
≤90 min (≤90-D2B). During the in-hospital and 1-year follow-up periods, the incidence of 
composite clinical events increased significantly with the increase in the admission cTnI 
level (p < 0.05). In-hospital, the composite rate of death and HF events was significantly 
higher in the >90-D2B group compared to the ≤90-D2B group (p = 0.006), but its influence 
disappeared in the 1-year follow-up (p > 0.05). A multivariable logistic analysis revealed 
that, in the ≤90-D2B group, with the exception of the cTnI ≥3 ng/mL patients, the cTnI level 
had no effect on in-hospital or 1-year outcomes; in >90-D2B group, cTnI ≥3ng/mL increased 
outcomes in both periods.
Conclusion: High cTnI levels (≥3 ng/mL) on admission are independent of the D2B time 
for predicting in-hospital and 1-year cardiac events in STEMI patients undergoing PCI.
Keywords: cardiac troponin I, acute myocardial infarction, door-to-balloon time, cardiac 
death, heart failure

Introduction
Cardiac troponin levels are routinely evaluated in the setting of suspected or known 
acute myocardial infarction (AMI). Recent studies demonstrated that performing an 
in-practice evaluation of a 0/1-hour high-sensitive cardiac troponin T protocol 
embedded in emergency department care enabled a more rapid discharge of patients 
with suspected acute coronary syndrome (ACS)1 but did not reduce ischemic events 
over a 12-month follow-up.2 Baseline cardiac troponin I (cTnI) levels are frequently 
measured in an emergency department for an evaluation of suspected ACS,3 but 
doing so not a part of the formal diagnostic criteria. The release of cTnI exhibits 
predictable kinetics in the acute onset of an ST-segment elevation myocardial 
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infarction (STEMI), and peak levels of cTnI are associated 
with both the ischemic quantity and the time of myocar-
dium at risk.4–6 A prospective study demonstrated that low 
plasma cTnI levels measured at admission identified two- 
thirds of patients at very low risk of cardiac events.7 

Despite the useful value of admission cTnI levels indicat-
ing a prehospital ischemic injury, there is limited informa-
tion about the association between the admission cTnI 
levels and cardiac outcomes of STEMI patients under-
going a PCI.8 The prognosis after STEMI has improved 
significantly over the past two decades (even in patients 
with multivessel disease), due mainly to the use of early 
reperfusion therapies (ie, thrombolysis and angioplasty/ 
stenting).9,10 Accumulating evidence indicates that early 
successful reperfusion can rapidly restore coronary artery 
patency and reduce the incidence of acute 
complications.11,12

The door-to-balloon (D2B) time is strongly associated 
with in-hospital and long-term mortality and is essential 
regardless of the length of time from a patient’s symptom 
onset and his/her presentation at an emergency department 
and regardless of the baseline risk of mortality, especially 
among patients whose anterior wall is infarction and 
patients who are high-risk patients.11 There is now 
a consensus regarding the effectiveness of regional medi-
cal chest pain centers’ efforts to reduce the D2B time.13 

Previous large studies have confirmed that shortening the 
D2B time can improve the prognosis of patients with 
STEMI.14,15 However, other researchers observed that 
shortening the D2B time had no or very limited effect on 
the long-term mortality of patients with a STEMI,16 and 
few studies have focused on the evaluation of the com-
bined prognostic implications of the D2B time plus the 
admission cTnI level on the outcomes of STEMI patients 
undergoing a PCI.17

In this context, we examined the association between 
plasma cTnI levels at admission plus the D2B time and the 
incidence of cardiac death and heart failure (HF) in 
patients who underwent a primary PCI for the treatment 
of a STEMI.

Patients and Methods
Patients and Groups
Our study cohort for this retrospective analysis was com-
prised of patients who presented to the emergency depart-
ment and/or Chest Pain Center of Yanbian University 
Hospital (Yanji, Jilin PR. China) and underwent 

a primary PCI for a STEMI over the 4-year period from 
January 2015 to October 2019. Yanbian University 
Hospital Cardiovascular Center performs the PCI treat-
ments for STEMI patients throughout Yanbian 
Prefecture. The data of the STEMI inpatients were col-
lected from the electronic medical record system of 
Yanbian University Hospital. The study protocol was 
approved by the ethics committee of the Yanbian 
University Hospital, and written informed consent was 
obtained from all patients.

Inclusion and Exclusion Criteria
We included all of the STEMI patients who were directly 
admitted to this Center or were transferred to the Center by 
any of the 12 cooperative medical facilities for the 
patient’s PCI. We identified the STEMI patients based on 
their clinical symptoms and standard electrocardiogram 
(ECG). We excluded STEMI patients who suffered pre-
hospital cardiac arrest or had severe valvular disease or 
cardiomyopathies, and those with chronic kidney disease 
on dialysis, or a history of PCI or coronary artery bypass 
graft (CABG). We also excluded patients without baseline 
cTnI levels that were obtained at their hospital presenta-
tion and those whose cases exceeded the PCI time window 
or failed the PCI or/and underwent CABG, and patients 
who received preoperative fibrinolytic therapy or had 
missing demographic or clinical data for the estimation 
of predicted mortality risk. The cases of the final total 
1485 STEMI patients who underwent a primary PCI 
within 12 hr of symptom onset and within 6 hr of admis-
sion were included in the current analysis (Figure 1).

Definitions
Diabetes mellitus was confirmed if the patient had 
a fasting plasma glucose concentration >126 mg/dL, 
hemoglobin A1c level ≥6.5%, and/or a history of 
a previous diagnosis of diabetes or the use of any anti- 
hyperglycemic medication. Hypertension was diagnosed 
as diastolic blood pressure >90 mmHg, systolic blood 
pressure >140 mmHg, and/or having received treatment 
for hypertension. “Smoking history” included current 
smoking (still smoking within the last 1 year) and non- 
smoking (had quit smoking ≥1 year ago or never smoked). 
A “family history of ischemic heart disease” included any 
immediate family member (parent, sibling, or child) with 
angina, myocardial infarction, sudden cardiac death of no 
apparent cause, or a history of coronary artery bypass 
grafting or PCI.
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Group Dividing
According to the cut-off values of admission cTnI levels 
(0.1 and 3.0 ng/mL), we divided the 1485 patients were 
divided into the following three groups: the Normal group 
(NG), in which the patient’s admission cTnI level was 
below the upper reference limit of <0.1 ng/mL; the 
Middle group (MG), with a cTnI level that was higher 
than the upper reference limit and less than 3 ng/mL; and 
the High group (HG), in which the cTnI level was ≥3 ng/ 
mL. We further divided the patients into two groups based 
on their D2B times on admission: the more-than 90 min 
(>90-D2B) group and the ≤90 min (≤90-D2B) group.

A blood sample was collected prior to any endovascu-
lar intervention for an elevation of a patient’s lipid profile, 

inflammatory profile, or hemoglobin A1c (HbA1c). The 
gender, age, body mass index, smoking history, systolic 
and diastolic blood pressure values, disease(s), and medi-
cation histories were recorded for each patient.

Laboratory Parameters
Baseline cTnI levels were evaluated for all patients at their 
admission (before PCI) with the use of Yanbian University 
Hospital’s standard clinical troponin I assay (#1100, 
GeTein Biomedical, Nanjing, China). Values of cTnI 
from a transferring facility were not included in the 
study. Serum creatinine, low-density lipoprotein (LDL), 
high-density lipoprotein (HDL), N-terminal pro-B-type 
natriuretic peptide (NT-proBNP), creatine kinase-MB 

Figure 1 Patient inclusion diagram for the study cohort. 
Abbreviations: CABG, coronary artery bypass graft; cTnI, cardiac troponin I; PCI, primary percutaneous coronary intervention; STEMI, ST-segment-elevation myocardial 
infarction.
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(CK-MB), and CK, and HbA1c were measured in the 
clinical laboratory of Yanbian University Hospital. Two- 
dimensional and Doppler echocardiography was per-
formed within the first 72 hr in the critical care unit and/ 
or the department of cardiology to determine the patient’s 
left ventricular ejection fraction.

Angiographic Analysis and PCI Treatment 
Strategy
All patients received a loading dose of dual anticoagula-
tion drugs (300 mg of aspirin and 600 mg of clopidogrel or 
180 mg of ticagrelor) before their PCI and were adminis-
tered an intravenous injection of unfractionated heparin, 
which is a conventional treatment followed by PCI to 
achieve adequate blood flow of the infarct-related artery. 
The other stenotic coronary arteries were not targeted for 
any intervention, unless the arter(ies) were affected by 
cardiogenic shock. Procedural decisions such as the size 
and length of the stent (a drug-eluting stent) and the use of 
adjunctive pharmacotherapy (including glycoprotein (Gp) 
IIb/IIIa receptor antagonists) were made by the hospital’s 
cardiac interventional therapy physicians. A successful 
PCI was defined as residual stenosis <20% without major 
complications (eg, stent thrombosis, need for emergent 
CABG or repeat PCI, coronary dissection or rupture, and 
death). An antiplatelet regimen was prescribed to all 
patients: lifelong aspirin (100 mg/d) and clopidogrel 
(75 mg/d) or ticagrelor (90 mg/d) for ≥12 months. 
Telephone interviews were carried out to determine both 
the use and the duration of dual antiplatelet therapy 
(DAPT), and patients who did not meet the standard 
usage of drugs were removed from the present analyses.

Follow-Up
Clinical follow-up data were obtained from hospital 
records and telephone interview records with the patients 
and/or their relatives. Regular outpatient clinic visits were 
performed at 1, 3, 6, and 12 months after discharge, and if 
a patient did not visit on the scheduled date, a telephone 
interview was conducted to assess adverse outcomes. 
Causes of death were determined by the medical record 
or death certificate.

End Points
The study’s primary major adverse cardiovascular events 
were a heart failure (HF) event and cardiovascular mortal-
ity during the 1-year follow-up period. We defined HF as 

admission to a hospital for worsening HF requiring intra-
venous drug treatment. Cardiac death was defined as hav-
ing been caused by life-threatening arrhythmia, 
myocardial infarction (MI), cardiac arrest, or congestive 
HF or other cardiac events. We also calculated the in- 
hospital HF and mortality rates.

Statistical Analyses
Categorical variables are expressed as frequencies and propor-
tions and were compared by Pearson’s chi-square or Fisher’s 
exact test. Continuous variables with normal distribution are 
presented as the mean and standard deviation (SD), and vari-
ables that did not fit a normal distribution are presented as the 
median and interquartile range (IQR). Data with a normal 
distribution were compared by unpaired Student’s t-test or 
a one-way analysis of variance (ANOVA), and non-normally 
distributed variables were compared by the Mann–Whitney 
U-test or Kruskal–Wallis H-test.

We performed a multivariate analysis with a Cox pro-
portional hazard model to analyze the prognostic effects of 
both the baseline troponin I and the baseline D2B time for 
different time-periods. The factors that related at the p<0.1 
level were selected as independent variable candidates [ie 
age, sex, Chinese Korean, Killip class, hypertension, cur-
rent smoke, NT-proBMP, left ventricular ejection fraction 
(LVEF), infarct-related artery (IRA): left main/left anterior 
descending artery (LAD), MVD, multi-vessel disease, no 
flow, Gensini score, O2B time, D2B time ≤ 90 min, cTnI ≥ 
3 ng/mL] for a multiple logistic regression analysis, which 
was used to evaluate the independent contributions of 
clinical parameters to 30-day and 1-year composite events 
(death/HF). Multiple regression model includes all vari-
ables at baseline with p<0.05 by univariable analysis. The 
results are presented as the adjusted hazard ratios (HRs) 
with 95% confidence intervals (CIs) and p-values. The 
incidence of composite outcomes in each group during 
the different time-periods was compared by a Kaplan- 
Meier survival curve analysis with a stratified Log rank 
test. All analyses were two-tailed, with clinical signifi-
cance defined as p<0.05. All statistical analyses were 
performed with SPSS 26.0 software (SPSS, Chicago, IL).

Results
Baseline Characteristics of the Study 
Population
A total of 3153 patients with a STEMI were transferred 
(45.9%) or admitted (54.1%) directly to the PCI-capable 
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emergency department/Chest Pain Center of Yanbian 
University Hospital and underwent a primary PCI. 
Patients were excluded if they had a treatment delay of 
symptom onset-to-door (O2D) >12 hr (thus exceeding the 
PCI time window, n=754) or a D2B time >6 hr (n=121), 
and if they failed a PCI or/and underwent CABG (n=79) or 
received thrombolysis therapy (n=21). A total of 516 
patients met one of the other exclusion criteria (no cTnI 
data, n=280; had one of the indicated disease histories, 
n=236), and thus the final cohort was 1485 patients. 
Figure 1 provides the patient inclusion flow diagram.

The median cTnI level for all of the patients was 3.2 
ng/mL (IQR: 1.3–15.9 ng/mL). Of this cohort, 339 
(22.8%) patients had initial cTnI levels that were unde-
tectable (<0.1 ng/mL). The baseline characteristics, labora-
tory findings, and angiographic characteristics of the 
patients according to their admission cTnI levels are sum-
marized in Table 1. The overall mean age was 59.5 ± 11.3 
years; 1138 patients (76.6%) were men, and 481 were 
Chinese Korean (32.4%). The median O2D time was 5.3 
hr (IQR: 3.9–7.1 hr). The median D2B time was 89 min 
(65–134 min).

The patients’ admission levels of NT-proBNP, peak 
CK, and peak CK-MB, and peak CK-MB increased with 
the increase in the admission cTnI level. The rates of 
patients with LAD disease, two or three-vessel disease, 
the total number of stents, no reflow, and Killip class >I 
from initial angiography were all higher in the High 
(admission cTnI level) group. The rates of DAPT and 
statins use were >99% in all three cTnI groups and both 
D2B groups. There were differences in the usages of 
diuretics, digitonin, and nitrates due to the occurrence of 
complications such as HF and cardiogenic shock during 
hospitalization between three experimental groups. The 
baseline characteristics of the patients according to D2B 
times are summarized in Table 2. With exception of NT- 
proBNP, there were no significant differences in other 
parameters between the two D2B groups.

Clinical Outcomes
During the 1-year follow-up, 177 patients who stopped using 
DAPT due to side effects or other reasons and those with 
lost data were excluded from the analysis of the follow-up 
data. The composite clinical events that occurred during the 
in-hospital period and during the 1-year follow-up stratified 
by the admission cTnI levels are presented in Figure 2. The 
following were significantly increased with the increase in 
the admission cTnI level: the incidence of 30-day mortality 

and HF (Normal, 3.5% vs Middle, 6.0% vs High, 10.2%) 
and the incidence of the overall 12-month cardiac death plus 
HF hospitalization (8.3% vs 9.6% vs 15.4%) (log-rank 
p<0.001 for each, Figure 2).

Consistently, we observed that the incidence of indivi-
dual clinical events was also markedly increased with the 
increase in the patients’ admission cTnI levels (Table 3). 
Compared to the Normal and Middle cTnI groups (<0.3 
ng/mL), the Cox regression analysis revealed that the 
composite and individual clinical events were significantly 
increased in the High cTnI group, and the overall 30-day 
in-hospital (p=0.002) and 1-year composite outcomes 
(p<0.001) were significantly increased by 2.3- or 
2.7-times in the High group (Table 3), suggesting that 
STEMI patients’ admission cTnI levels are closely corre-
lated with composite and individual clinical events.

We next evaluated the impact of the D2B time on the 
composite clinical outcomes. Compared to the ≤90-min D2B 
group, the >90-min D2B group had significantly increased 
mortality and HF during the in-hospital period (5.2% vs 
8.5%, log-rank p=0.006, Figure 3A). In contrast, there is no 
significant difference in mortality or HF between the D2B 
groups during the 1-year follow-up (10.1% vs 12.4%, log- 
rank p=0.146, Figure 3B). The data of individual clinical 
events yielded the same conclusion (Table 4). The areas 
under the curve (AUCs), the measures of each model’s pre-
dictive ability, and the receiver operator characteristic curve 
(ROC) of the potential models are presented in Figure 4. The 
ROC data show that the cTnI level and the D2B time can 
predict the 30-day composite incidence (AUC: 0.63, 
p<0.001; AUC: 0.58, p=0.001) (Figure 4A). As shown in 
Figure 4B, the cTnI level still has predictive value for the 
incidence of 1-year composite events, whereas the D2B time 
exhibits very limit predictive value on it.

The unadjusted estimated risk for composite clinical 
events during the pre-specified times and according to the 
admission cTnI level and D2B time is illustrated in 
Figure 5. When the D2B time was ≤90-min, even an 
elevated high admission cTnI level was not effective for 
predicting 30-day hospital composite events (Figure 5A). 
When the follow-up time was extended to 1 year, D2B 
time can predict outcomes (HR 2.8, 95% CI: 1.25–5.99, 
p=0.01). In the >90-min-D2B group analysis, this prog-
nostic impact on composite clinical events by a high cTnI 
level was present not only for the in-hospital period (HR 
2.9, 95% CI: 1.57–5.56, p<0.001) but also for the 1-year 
follow-up period (HR 3.0, 95% CI: 1.26–7.41, p=0.008) 
after STEMI (Figure 5B).
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Table 1 Baseline Demographic and Clinical Characteristic of Patients with Presentation cTnI Levels

Total (n=1485) NG (n=339) MG (n=648) HG (n=498) P-value P-value for Trend

Chinese Korean 481 (32.4) 98 (28.9) 222 (34.3) 161 (32.3) 0.221 0.388
Han Chinese 966 (65.1) 230 (67.8) 412 (63.6) 324 (65.1) 0.040 0.612

Age (years) 59.5±11.3 58.3±11.1 59.5±11.4 60.2±11.4 0.273

Age ≥ 60 years 742 (50.0) 160 (47.2) 332 (51.2) 260 (52.2) 0.153 0.082
Sex (male) 1138 (76.6) 270 (79.6) 487 (75.2) 381 (76.5) 0.284 0.371

BMI (kg/m2) 25.1±3.4 25.1±3.2 25.1±3.5 25.0±3.3 0.474

SBP (mmHg) 131±23.7 128±24.1 133±23.7 131±23.2 0.001
DBP (mmHg) 84.4±26.6 82.6±16.6 84.5±14.5 86.2±40.0 0.099

Heart rate (bpm) 78.8±23.7 77.3±16.4 79.7±36.1 79.7±15.9 0.176
Killip class > I 704 (47.4) 129 (38.1) 316 (48.8) 259 (52.0) < 0.001 < 0.001

O2D time, hr 5.3 (3.9–7.1) 4.7 (3.3–6.6) 5.1 (4.2–6.9) 5.6 (4.1–7.8) < 0.001

D2B time, min 89 (65–134) 90 (68–125) 88 (69–142) 91 (60–141) 0.003
D2B time ≤ 90 min 769 (51.8) 177 (52.2) 346 (53.4) 246 (49.4) 0.339 0.391

Medical history
Previous hypertension 745 (50.2) 152 (44.8) 333 (51.4) 260 (52.2) 0.079 0.048
Previous diabetes 335 (22.6) 78 (23) 144 (22.2) 113 (22.7) 0.798 0.507

Previous dyslipidemia 69 (4.6) 18 (5.3) 23 (3.5) 28 (5.6) 0.109 0.429

Previous stroke 187 (12.6) 35 (10.3) 83 (12.8) 69 (13.9) 0.311 0.141
Current smock 880 (59.3) 223 (65.8) 355 (54.8) 302 (60.6) 0.002 0.279

Family history of CAD 49 (3.3) 11 (3.2) 27 (4.2) 19 (3.8) 0.483 0.369

Laboratory findings
Creatinine (umol/L) 72.2±36.1 70.7±29.4 72.7±30.0 73.3±46.0 0.483

FBG (mmol/L) 7.2±3.2 7.1±3.1 7.1±3.4 7.2±3.1 0.907

HbA1c (%) 6.8±1.8 6.8±1.6 6.6±1.7 7.0±2.0 0.034
TC (mmol/L) 4.6±1.1 4.5±1.2 4.8±1.1 4.6±1.0 0.346

Triglyceride (mmol/L) 1.9±1.5 1.9±1.6 1.8±1.2 1.9±1.5 0.192

HDL-C (mmol/L) 1.2±0.32 1.2±0.3 1.2±0.37 1.2±0.29 0.326
LDL-C (mmol/L) 3.1±0.92 3.1±0.94 3.0±0.89 3.2±0.92 0.101

NT-proBNP (pg/mL) 492±1356 216±457 435±708 731±2074 < 0.001

LVEF (%) 57.9±6.2 58.3±6.0 57.8±6.0 57.6±6.6 0.047
Peak CK (IU/L) 1775±1470 1647±1361 1797±1412 2013±1749 0.007

Peak CK-MB (IU/L) 264±144 240±123 265±139 289±164 0.001

CAG characteristics
Left anterior artery 703 (47.3) 142 (41.9) 302 (46.6) 259 (52.0) 0.014 0.003

Left circumflex artery 195 (13.1) 33 (9.7) 85 (13.1) 77 (15.5) 0.055 0.016

Right coronary artery 619 (41.7) 166 (49.0) 273 (42.1) 180 (36.1) < 0.001 0.001
Left main coronary artery 5 (0.3) 1 (0.3) 3 (0.5) 1 (0.2) 0.668 0.959

Total number of stents 1.2±0.4 1.1±0.4 1.2±0.4 1.3±0.5 0.016

Mean stent diameter, mm 3.1±0.6 3.1 ± 0.5 3.1±0.6 3.1±0.6 0.348
Total stent length, mm 25.4±7.1 25.0±7.0 25.2±7.2 26.0±7.2 0.102

No reflow 926 (62.4) 193 (57.0) 404 (62.3) 329 (66.1) 0.006 0.002

GP IIb/IIIa inhibitor 1133 (76.3) 245 (72.3) 494 (76.2) 394 (79.1) 0.001 0.001
MVD 39 (2.6) 4 (1.2) 15 (2.3) 20 (4.0) 0.016 0.009

Gensini score 49.0±21.5 47.5±20.0 50.0±23.0 51.0±23.0 0.039

Medications after PCI
Aspirin 1474 (99.3) 337 (99.4) 643 (99.2) 494 (99.2) 0.799 0.936

Clopidogrel 1477 (99.5) 337 (99.4) 645 (99.5) 495 (99.4) 0.404 0.709

Statin 1476 (99.4) 337 (99.4) 644 (99.4) 495 (99.4) 0.958 0.943
β-blocker 925 (62.3) 204 (60.2) 411 (63.4) 310 (62.2) 0.213 0.185

CCB 154 (10.4) 38 (11.2) 67 (10.3) 47 (9.4) 0.671 0.372

ACE-inhibitor/ARB 1029 (69.3) 228 (67.3) 454 (70.1) 347 (69.7) 0.645 0.504

(Continued)
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Univariate and Multivariate Analysis
We performed univariate and multivariate analyses to 
determine the correlation between several variables and 
the 30-day and 1-year composite events. The results are 
presented in Table 5. With the exception of the Gensini 
scores and multi-vessel disease numbers, the investigated 
demographic and biological parameters exhibited predic-
tive value for the incidence of 30-day composite events: 
sex, age ≥60 yrs, Chinese Korean, Killip class >I, hyper-
tension, current smoking, NT-proBNP, LVEF, IRA-left 
main/LAD, no flow, O2D time, D2B ≤90 min, and cTnI 
(Table 5). The results of the multivariate analysis demon-
strated that among those positive parameters, the cTnI 
level as well as age ≥60 yrs, Killip class >I, NT-proBNP, 
LVEF, IRA-left main/LAD, no flow, and D2B ≤90 min can 
be used to predict 30-day composite events.

During the 1-year follow-up period, as shown in 
Table 6, with the exceptions of Chinese Korean status, 
Gensini score, MVD number, O2D time and D2B time, 
10 demographic and cardiac laboratory parameters exhib-
ited predictive value for the composite events: sex, age 
≥60 yrs, Killip class >I, hypertension, current smoking, 
NT-proBNP, LVEF, IRA-left main/LAD, no flow and 
cTnI. However, the multivariate analysis demonstrated 
that only the cTnI level and four other parameters (age 
≥60 yrs, NT-proBNP, LVEF, and IRA-left main/LAD) 
have predictive value.

The adjusted estimated risks for composite clinical 
events during the pre-specified time-periods and according 
to the patients’ admission cTnI levels and D2B times are 
depicted in Figure 6. As anticipated, an increased admis-
sion cTnI level can be used to predict the occurrence of 
composite clinical events during the 30-day in-hospital 
period and the 1-year follow-up period after STEMI 
(Figure 6A). As shown in Figure 6B, in the analysis of 

the D2B times (≤90 min vs >90 min), the prognostic 
impact of a shorter D2B time on composite mortality and 
HF by the admission cTnI level was present only for the 
30-day in-hospital period in STEMI patients undergoing 
a primary PCI; its prognostic impact disappeared during 
the 1-year follow-up period.

Discussion
The results of our study confirm that an elevated/high 
troponin I concentration at admission is a strong predictor 
of increased 30-day and 1-year death/HF composite events 
in patients with STEMI undergoing a primary PCI. Our 
analyses also revealed that (i) the effect of the D2B time 
on the prognosis was limited to the 30-day in-hospital 
period, and (ii) early revascularization attenuated the inci-
dence of individual and composite clinical outcomes. After 
a coronary artery’s occlusion, the main pathogeneses are 
myocardial necrosis, myocardial interstitial congestion, 
edema, and a massive infiltration of inflammatory cells. 
The infarct size is an important indicator for predicting the 
prognosis of patients with a myocardial infarction. The 
patient-level analysis of 10 randomized primary PCI trials 
(total 2632 patients) sought to determine the strength of 
the relationship between infarct size assessed early after 
primary PCI in STEMI and subsequent all-cause-mortality, 
reinfarction, and hospitalization for HF by either techne-
tium-99m sestamibi single-photon emission CT or cardiac 
MRI and to all-cause mortality and hospitalization for HF 
within 1 year.18 Other studies have shown that the cumu-
lative release of troponin (a specific and sensitive index of 
the myocardium) into the circulation is closely related to 
the infarct size.4–6,8

In addition, the data from the US National 
Cardiovascular Data Registry (NCDR) Cath PCI database 
of 14,061 patients showed that the admission troponin 
level was an effective tool for the prediction of in- 

Table 1 (Continued). 

Total (n=1485) NG (n=339) MG (n=648) HG (n=498) P-value P-value for Trend

Nitrates 663 (44.6) 129 (38.1) 336 (51.9) 198 (39.8) < 0.001 0.888

Diuretic 395 (26.6) 82 (20.6) 153 (23.6) 160 (32.1) < 0.001 < 0.001

Digitonin 209 (14.1) 38 (11.2) 86 (13.3) 85 (17.1) 0.004 0.001

Notes: Values expressed as n (%), mean ± SD or median (interquartile range). NG (cTnI <0.1 ng/mL), MG = (0.1≤ cTnI <3 ng/mL), HG (cTnI ≥3 ng/mL). First p value stands 
for one-way analysis of variance (ANOVA) or Kruskal–Wallis H-test between three groups (second p value is for trend between three groups). 
Abbreviations: ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; BMI, body mass index; CAD, coronary artery disease; CAG, coronary 
angiography; CCB, calcium channel blocker; CK-MB, creatine kinase-MB; cTnI, cardiac troponin I; DBP, diastolic blood pressure; D2B, door to balloon; O2D, symptom 
onset-to-door; FBG, fasting blood glucose; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; LVEF, left ventricular ejection fraction; 
MVD, multi-vessel disease; PCI, percutaneous coronary intervention; NT-proBNP, N-terminal pro-B-type natriuretic peptide; SBP, systolic blood pressure; TC, total 
cholesterol.
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Table 2 Baseline Characteristics of the Patients with D2B Time

≤ 90 min-D2B (n = 770) >90 min-D2B (n = 715) P-value

Chinese Korean 242 (31.4) 239 (33.4) 0.411
Han Chinese 500 (64.9) 467 (65.3) 0.878

Age (years) 59.8 ± 11.2 59.1 ± 11.4 0.230

Age ≥ 60 years 389 (50.5) 354 (49.5) 0.697
Sex (male) 594 (77.1) 544 (76.1) 0.629

BMI (kg/m2) 25.1 ± 3.3 25.0 ± 3.5 0.681

SBP (mmHg) 130 ± 23.0 133 ± 24.4 0.022
DBP (mmHg) 84.7 ± 33.6 84.2 ± 15.8 0.695

Heart rate (bpm) 79.3 ± 28.8 78.7 ± 16.4 0.627
Killip class > I 358 (46.5) 346 (48.4) 0.464

O2D time, hr 4.9 (3.4–7.4) 8.2 (6.2–10.8) < 0.001

Medical history
Previous hypertension 376 (48.8) 369 (51.6) 0.309

Previous diabetes 166 (21.6) 169 (23.6) 0.371

Previous dyslipidemia 36 (4.7) 33 (4.6) 0.956
Previous stroke 96 (12.5) 91 (12.7) 0.972

Current smock 451 (58.6) 429 (60.0) 0.575

Family history of CAD 31 (4.0) 18 (2.5) 0.144
Laboratory findings
Creatinine (umol/L) 72.7 ± 28.9 70.5 ± 30.3 0.153

FBG (mmol/L) 7.1 ± 3.1 7.2 ± 3.3 0.604
HbA1c (%) 6.9 ± 1.8 6.7 ± 1.7 0.341

TC (mmol/L) 4.6 ± 1.2 4.7 ± 1.1 0.301

TG (mmol/L) 1.9 ± 1.7 1.9 ± 1.3 0.980
HDL-C (mmol/L) 1.2 ± 0.29 1.2 ± 0.33 0.149

LDL-C (mmol/L) 3.1 ± 0.87 3.1 ± 0.89 0.831

NT-proBNP (pg/mL) 397 ± 777 593 ± 1794 0.020
LVEF (%) 57.9 ± 6.2 57.9 ± 6.3 0.959

cTnI (ng/mL) 7.4 ± 13.4 7.3 ± 12.9 0.861

Peak CK (IU/L) 1881 ± 1464 1793 ± 1469 0.325
Peak CK-MB (IU/L) 259 ± 139 264 ± 153 0.625

CAG characteristics
Left anterior artery 373 (48.4) 330 (46.2) 0.377
Left circumflex artery 85 (11.0) 109 (15.2) 0.016

Right coronary artery 321 (41.7) 299 (41.8) 0.959

Left main coronary 
artery

4 (0.5) 1 (0.1) 0.207

Total number of stents 1.2 ± 0.4 1.2 ± 0.5 0.206

Mean stent 
diameter, mm

3.1 ± 0.5 3.1 ± 0.6 0.342

Total stent length, mm 25.3 ± 7.2 25.4 ± 7.1 0.216

No reflow 473 (61.4) 453 (63.3) 0.175
GP IIb/IIIa inhibitor 582 (75.6) 543 (75.9) 0.849

MVD 14 (2.0) 25 (3.5) 0.065

Gensini score 48.7 ± 18.6 48.2 ± 21.1 0.139
Medications after 
PCI
Aspirin 766 (99.5) 708 (99.0) 0.302
Clopidogrel 765 (99.3) 712 (99.5) 0.411

Statin 767 (99.6) 709 (99.2) 0.943

β-blocker 476 (61.7) 449 (62.8) 0.185

(Continued)
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hospital death.19 This is consistent with our present results. 
Although we did not have the patients’ cardiac MRI data, 
our analyses revealed that the peak CK-MB level, Gensini 
score, no reflow, and LAD lesions in the High cTnI group 
were significantly higher than those in the Normal and 
Middle groups. These results suggest that an elevated/ 
high cTnI level is closely related to more extensive myo-
cardial damage.

It is thought that cTnT and cTnI levels rise 3–4 hr after 
the onset of an AMI. The kinetics of troponin release 
dictate that the levels observed in the early acute phase 
are closely dependent on the time of myocardial ischemia.2 

The O2B time was reported to be associated with troponin 
elevation, though only modestly.20,21 The determination of 
the ischemic time based on diseases and medication his-
tories can be problematic for some patient groups (eg, 
older individuals, women, and diabetic individuals) who 
are more likely to present with atypical symptoms.22,23 

Mahmoud et al showed that the “cardiac biochemical 

ischemic time” based on troponin levels frequently dis-
agreed with — and was substantially longer than — the 
conventional cardiac ischemic time derived from the 
patients’ symptom records in their retrospective cohort.24 

In our present cohort, the median O2D time in the patients 
with a cTnI level below the detection limit was 4.7 hr. 
Moreover, the median time difference between the other 
groups was <1 hr. The poor reliability of symptom dura-
tion as an indicator of the cardiac ischemic time may, in 
part, explain why several previous clinical studies did not 
show a close link between mortality and the O2B time in 
patients with STEMI.11,14 Accumulating evidence indi-
cates that the progression to STEMI in many patients 
may occur by a more dynamic and prolonged process of 
atherosclerotic plaque instability, thrombosis/distal embo-
lization, and the restoration of flow, which is better appre-
ciated with objective admission biomarker data.25,26

The importance of the prompt restoration of coronary 
patency in STEMI patients is well known. However, there 

Table 2 (Continued). 

≤ 90 min-D2B (n = 770) >90 min-D2B (n = 715) P-value

CCB 80 (10.4) 74 (10.3) 0.878

ACE-inhibitor/ARB 525 (68.1) 504 (70.4) 0.565

Nitrates 330 (42.8) 333 (46.5) 0.151
Diuretic 189 (24.5) 206 (28.8) 0.063

Digitonin 112 (14.5) 97 (13.6) 0.587

Notes: Values expressed as n (%), mean ± SD or median (interquartile range). The abbreviations were seen in Table 1.

Figure 2 The incidence of death/HF (heart failure) composite events during the in-hospital and follow-up time-periods and the patients’ baseline troponin I levels. (A) In- 
hospitalization (30 days). (B) The 1-year follow-up.
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have been conflicting results about the relative prognostic 
importance of the O2B and D2B times. The US National 
Registry of Myocardial Infarction, which has enrolled 
>20,000 patients, reported that a shorter D2B time but not 
a shorter O2B time was associated with lower in-hospital 
mortality.11 A study of 5243 patients with STEMI treated at 
20 tertiary hospitals in Korea reported that shortening of the 
D2B time was significantly associated with reduced 1-year 
mortality.12 In contrast, in the CREDO-Kyoto (Coronary 
Revascularization Demonstrating Outcome Study in Kyoto) 
MI registry (n=3391), an O2B time >3 hr was associated with 
a higher risk of a composite of death and congestive HF, 
whereas a shorter D2B time was associated with a lower risk 
of death and congestive HF, only in patients with early 
presentation (O2D time <2 hr). There is a large body of 

literature on the relationship between the D2B time and 
mortality.11–13 Two types of clinical study design have been 
used. In patient-level investigations, the risk of mortality was 
examined using large-scale observational cohorts, and 
a positive correlation was consistently observed between 
a lower risk of mortality and shorter D2B times.11–13 The 
other type of investigation design is population-level studies 
in which institution-wide and nation-wide differences in 
clinical outcomes were evaluated during the application of 
national programs to decrease the 30-day hospital delay, with 
the D2B time as the target quality examination. Some popu-
lation-based studies showed that reducing the D2B time in 
STEMI patients undergoing primary PCI was not associated 
with an amelioration of mortality.19,27,28 These findings 
raised questions about the value of reducing the D2B time. 

Figure 3 The incidence of composite events during the (A) 30-day-hospitalization and (B) 1-year follow-up according to D2B time groups.

Table 3 30-Day and 1-Year Clinical Outcomes Stratified by Admission cTnI Groups and Cox Regression Analysis

cTnI Presentation Cox Regression Analysis (HG vs 
Others)

NG MG HG P value HR (95% Cl) P value

In-hospital (30 days)
All cause death 3 (0.9) 13 (2.0) 20 (4.0) 0.009 2.7 (1.4–5.1) 0.003

HF 11 (3.2) 33 (5.1) 41 (8.2) 0.006 2.2 (1.6–3.1) < 0.001

Composite events 12 (3.5) 39 (6.0) 51 (10.2) < 0.001 2.3 (1.7–3.1) 0.002
1 year follow-up

Cardiac death 7 (2.1) 22 (3.4) 30 (6.0) 0.006 3.1 (1.5–6.1) 0.001

Hospitalization for HF 23 (6.8) 53 (8.2) 62 (12.4) 0.008 2.4 (1.5–3.7) < 0.001
Composite events 28 (8.3) 62 (9.6) 77 (15.5) < 0.001 2.7 (1.8–4.0) < 0.001

Notes: Values expressed as n (%). NG = (cTnI <0.1 ng/mL), MG = (0.1≤ cTnI <3 ng/mL), HG = (cTnI ≥3 ng/mL). 
Abbreviations: cTnI, cardiac troponin I; HF, heart failure; CI, confidence interval; HR, hazard ratio.
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Some positive observations have indicated that a shorter D2B 
time might be a surrogate marker for low-risk patients or may 
reflect the operator and/or institutional expertise. In retro-
spective analyses of the US National Cardiovascular Data 
Registry, Nallamothu et al reported that although shorter 
D2B times were consistently associated with lower mortality 
in a population-based cohort, an increasing proportion of 
high-risk patients undergoing a primary PCI might have 
largely contributed to secular trends of improved mortality 
rates.19 The results of our present analyses demonstrated that 
a D2B time <90 min has a prognostic impact on composite 
and individual clinical events during the 30-day in-hospital 
period but not during the 1-year follow-up period. The Cox 
regression and ROC analysis yielded the same conclusion, 
suggesting that reducing the D2B time can provide a greater 
cardiovasculoprotective benefit in STEMI patients under-
going a primary PCI. This notion was further supported by 

the data from univariate and multivariate analyses revealing 
that the shorter D2B time (≤90-min) was effective for pre-
dicting composite event development during the 30-day in- 
hospital period, whereas this prognostic impact on death/HF 
was no longer present at 1 year after the patients’ AMIs.

Patient- and population-level clinical studies have 
focused on the admission cTnI level or the D2B time 
alone to evaluate the prognostic impact on all-cause mor-
tality and major adverse cardiac events during the in- 
hospital and long-term follow-up periods, and they 
achieved a degree of consensus.12–14 To the best of our 
knowledge, the present study is the first to evaluate the 
combines prognostic implications of the admission cTnI 
level and the D2B time on in-hospital and 1-year mortality 
and HF hospitalizations in STEMI patients undergoing 
a primary PCI. Our observation of the unadjusted esti-
mated risk for composite clinical events during the pre- 

Figure 4 Receiver-operating curve (ROC) analysis showing the predictive cutoff value of troponin I/D2B time for hospitalization and 1-year death/HF composite events. (A) 
In-hospitalization (30 days). (B) The 1-year follow-up.

Table 4 30-Day and 1-Year Individual and Composite Clinical Event of Groups According to D2B Time

≤ 90 min-D2B >90 min-D2B HR (95% CI) P-value

(n=770) (n=715)

In-hospital (30-day)
Mortality 13 (1.9) 23 (3.2) 1.91 (1.05–3.45) 0.013
HF 35 (4.5) 50 (7.0) 1.74 (1.27–2.38) 0.001

Death/HF 40 (5.2) 62 (8.7) 1.54 (1.14–2.08) 0.006

1 year follow-up
Cardiac death 26 (3.4) 33 (4.6) 1.01 (0.53–1.88) 0.232

HF for hospitalization 64 (8.3) 74 (10.3) 1.23 (0.62–1.64) 0.151

Death/HF 78 (10.1) 89 (12.4) 1.22 (0.84–1.75) 0.146

Note: Date are expressed as n (%). 
Abbreviations: HF, heart failure; Cl, confidence interval; HR, hazard ratio.
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specified times and according to the admission cTnI level 
and D2B time indicates that when the D2B time is ≤90 
min, even an elevated high admission cTnI level was not 
effective for predicting 30-day hospital composite events, 
whereas this shorter D2B time can predict 1-year compo-
site outcomes after PCI. In the >90-min D2B subgroup 
analysis, this prognostic impact on composite clinical 
events was present for both the in-hospital and 1-year 
follow-up periods. Interestingly, the results of the present 
evaluation of the adjusted estimated risk for composite 
clinical events demonstrated that the protective effect of 

even a shorter D2B time on composite mortality and HF 
by the admission cTnI level was present only for the 30- 
day hospital period in STEMI patients undergoing 
a primary PCI, and this protective impact disappeared 
during the 1-year follow-up period. Collectively, the com-
bined evaluation of the admission cTnI level and D2B 
time could be more objective and suitable to evaluate the 
prognoses of STEMI patients after PCI. We do not believe 
that these findings are sufficient to recommend this com-
bined evaluation as better than the single-variable analyses 
at present, but further prospective studies are warranted.

Table 5 Independent Effects of 30-Day Composite Events (Death/HF) According to Multivariable Logistic Regression Analysis

Univariate Analysis Multivariate Analysis

Variables OR 95% CI P value OR 95% CI P value

Sex (male) 2.16 1.56–3.01 < 0.001 0.75 0.47–1.12 0.227

Age ≥ 60 years 1.74 1.21–2.54 0.004 2.34 1.56–3.49 < 0.001
Chinese Korean 1.41 1.03–1.94 0.036 1.13 0.79–1.62 0.490

Killip class > I 2.78 2.02–3.87 < 0.001 2.45 1.7–3.52 < 0.001
Hypertension 1.44 1.06–1.97 0.022 1.65 0.94–2.91 0.082

Current smock 1.78 1.31–2.43 < 0.001 1.61 0.87–3.04 0.185

NT-proBNP 2.91 2.08–4.03 < 0.001 1.88 1.18–2.97 0.007
LVEF 3.83 2.55–5.78 < 0.001 1.74 1.17–2.73 0.008

IRA: Left main or LAD 2.17 1.57–2.98 < 0.001 1.79 1.25–2.56 0.002

MVD 1.95 0.92–4.11 0.077 1.16 0.61–2.02 0.346
No reflow 1.81 1.27–5.1 0.001 1.63 1.11–2.39 0.013

Gensini score 1.32 0.95–1.83 0.084 1.57 1.04–2.27 0.034

O2D time, hr 0.54 0.36–0.78 0.001 0.84 0.59–1.21 0.356
D2B time ≤ 90 min 0.67 0.46–0.98 0.034 0.62 0.49–0.89 0.016

cTnI ≥ 3 ng/mL 2.31 1.71–3.12 0.002 1.56 1.07–2.29 0.021

Note: Multiple regression model includes all variables at baseline with p<0.05 by univariable analysis. 
Abbreviations: cTnI, cardiac troponin I; D2B, door to balloon; O2D, symptom onset-to-door; IRA, infarct-related artery; LAD, left anterior descending artery; LVEF, left 
ventricular ejection fraction; MVD, multi-vessel disease; NT-proBNP, N-terminal pro-B-type natriuretic peptide.

Figure 5 Unadjusted estimated risk for composite clinical events during the in-hospitalization and follow-up periods according to admission cTnI. (A) D2B time ≤90 min. 
(B) D2B time >90 min.
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Study Limitations
Our study has several limitations that should be addressed. 
(1) The admission cTnI levels were collected from 1485 
participates with STEMIs. The release of troponin in 
a STEMI involves hemodynamic changes, and the measure-
ment of the cTnI level at a single time point is not sufficient 
or accurate enough to determine the cardiac ischemic time 
and infarct size. We hope that our findings will spur further 
investigation using the cTnI levels obtained at multiple time 

points as an objective tool for comparison. (2) Because of 
the non-randomized nature of the registry data, the charac-
teristics of the groups divided by the admission cTnI level 
and D2B time showed substantial differences at the base-
line. The determination of treatment strategies based on the 
attending physicians’ discretion also introduced 
a possibility of selection bias. (3) In the present cohort, 
43.9% of the patients were transported to our hospital 
from one of 12 cooperating medical facilities, and 1050 

Figure 6 Adjusted estimated risk for composite clinical events during in-hospitalization and follow-up periods time-periods according to admission cTnI levels (A) and D2B 
time (B). Results are adjusted for the following variables: sex, age ≥60 years, nationality (Chinese Korean), Killip class >I, previous hypertension, current smoking, NT- 
proBNP, LVEF, IRA (infarct-related artery) as the left main artery or LAD (left anterior descending artery), no-reflow, Gensini score, O2D (symptom onset-to-door) time, 
and D2B (door to balloon) time ≤90 min.

Table 6 Independent Effects of 1-Year Composite Events (Death/HF) According to Multivariable Logistic Regression Analysis

Univariate Analysis Multivariate Analysis

Variables OR 95% CI P value OR 95% CI P value
Sex (male) 2.26 1.52–3.36 0.031 0.63 0.45–1.11 0.109

Age ≥ 60 years 5.37 3.25–8.88 < 0.001 4.78 2.71–8.43 < 0.001

Chinese Korean 1.43 0.97–2.1 0.068 1.29 0.84–1.98 0.247
Killip class > I 1.87 1.28–5.53 0.012 1.31 0.84–2.02 0.236

Hypertension 1.69 1.16–4.99 0.007 1.92 0.93–3.97 0.079

Current smock 1.63 1.11–2.38 0.011 1.21 0.78–1.87 0.389
NT-proBNP 3.05 2.08–4.45 < 0.001 2.31 1.35–3.95 0.002

LVEF 4.04 2.48–6.49 0.013 3.34 1.93–5.76 < 0.001
IRA: Left main or LAD 1.59 1.09–2.31 0.017 2.03 1.19–3.16 0.038

MVD 1.16 0.72–2.25 0.301 1.73 0.42–7.16 0.447

No reflow 1.69 1.14–2.47 0.007 1.85 0.95–3.59 0.069
Gensini score 1.48 0.96–2.31 0.058 1.41 0.89–2.32 0.110

O2D time, hr 0.73 0.52–1.06 0.102 0.72 0.48–1.22 0.112

D2B time ≤ 90 min 0.72 0.51–1.07 0.107 0.71 0.48–1.12 0.091
cTnI ≥ 3 ng/mL 2.72 1.83–4.02 < 0.001 1.82 1.16–2.86 0.009

Notes: The abbreviations were seen in Table 5. Multiple regression model includes all variables at baseline with p<0.05 by univariable analysis.
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patients with a treatment delay of O2D >12 hr or D2B time 
>6 hr were excluded. More than 800 patients met one of the 
other exclusion criteria and were also excluded from the 
cohort. These factors may have influenced our results and 
conclusions. (4) We did not conduct a comparison between 
the impacts of the O2D time and the D2B time on compo-
site clinical events in this cohort. (5) Our analyses were 
based on observational data, and there is no definite ground 
to claim causality. We attempted to reduce the confounding 
effects through vigorous risk adjustment; however, we 
could not preclude the possibility of non-measured con-
founding factors (eg, prehospital system delay, prior periph-
eral vascular disease, and the index of failed reperfusion 
other than epicardial TIMI [thrombolysis in MI] flow). 
Further large-scale prospective studies of both STEMI and 
non-STEMI patients are warranted to explore these issues.

Conclusion
The prognostic impact of the baseline cTnI level at the time 
of admission in STEMI patients after a PCI was evident not 
only for the in-hospital period but also for the 1-year follow- 
up period, and the critical value of cTnI ≥3 ng/mL can be 
used to evaluate the patient’s prognosis at the first medical 
contact. At the same time, shortening the D2B time is still 
beneficial for the prognosis, although in this study the ben-
efit was limited to the 30-day in-hospital period. The com-
bined evaluation of the admission cTnI level and D2B time 
might be more objective and useful to predict the prognoses 
of STEMI patients after a PCI.
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