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Abstract
Several recent studies suggested that the door-to-balloon time (DTBT) for patients with ST-segment elevation myocardial 
infarction (STEMI) should be as short as possible, despite the existing guideline for STEMI. This study aimed to evaluate 
the clinical outcomes of the STEMI patient cohort having the highest proportion of patients treated with a DTBT of ≤ 30 
min ever reported. We evaluated 527 consecutive patients with STEMI who underwent percutaneous coronary intervention 
between 2007 and 2015. The mean age was 68.0 ± 12.7 years, and the mean DTBT was 44.4 ± 33.1 min. The patients were 
classified into four groups according to the DTBT, and the relationship between the DTBT and clinical outcome was investi-
gated. DTBTs were ≤ 30 min in 146 patients (27.7%), 31–60 min in 297 patients (56.4%), 61–90 min in 60 patients (11.4%), 
and > 90 min in 24 patients (4.6%). In-hospital mortality rates were 0.7, 5.0, 11.7, and 12.5% for DTBTs of ≤ 30, 31–60, 
61–90, and > 90 min, respectively. In multivariate analysis, a DTBT ≤ 30 min (odds ratio [OR] 0.11, 95% confidence interval 
[CI] 0.01–0.91, p = 0.041), shock on arrival (OR 2.74, 95% CI 1.02–7.37, p = 0.046), and blood transfusion (OR 49.60, 95% 
CI 13.90–177.00, p < 0.001) were the independent predictors of in-hospital mortality. Patients with STEMI treated with a 
DTBT ≤ 30 min showed significantly better clinical outcomes than those treated with a DTBT > 30 min.
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Introduction

The door-to-balloon time (DTBT) is predictive of in-hospital 
mortality in patients with ST-segment elevation myocardial 
infarction (STEMI). Previous studies reported that patients 
with a DTBT > 90 min have a significant increase in mor-
tality compared with those with a DTBT ≤ 90 min [1–3]. 
Thus, recent guidelines for STEMI recommended that reca-
nalization should be accomplished within 90 min [4, 5], 
and currently, higher proportions of patients with STEMI 
are treated according to the guidelines [6, 7]. Consequently, 
DTBT reduction to ≤ 90 min has contributed to better clini-
cal outcomes. However, the effect of further reduction in the 
DTBT within the time range that meets the guidelines has 

presented conflicting results [7–9]. These conflicting results 
have been attributed to different factors, such as change in 
the indication for primary percutaneous coronary interven-
tion (PCI) during the course of the study period, heteroge-
neity of PCI strategies, and performance in individual PCI-
capable hospitals, which are unavoidable in a large cohort 
study [8]. Furthermore, these studies have been conducted 
in large cohorts with a relatively small proportion of patients 
treated with a shorter DTBT, i.e.,  ≤ 30 min (3.8%) [9].

In this study, we sought to evaluate the effect of a shorter 
DTBT on clinical outcomes in a cohort with a larger propor-
tion of STEMI patients with a DTBT ≤ 30 min in a single 
center with a homogeneous PCI procedure.

Methods

This was a single-center retrospective study of 527 con-
secutive patients with STEMI who underwent primary PCI 
between 2007 and 2015. Patients with cardiopulmonary arrest 
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on arrival (40 patients) and onset-to-door time of ≥ 24 h (33 
patients) during the study period were excluded. The diagnosis 
of STEMI was based on the European Society of Cardiology/
American College of Cardiology Foundation/American Heart 
Association (AHA)/World Heart Federation’s universal defini-
tion of myocardial infarction, i.e., myocardial enzyme eleva-
tion and electrocardiogram showing ST-segment elevation 
in at least two contiguous leads or a new left bundle branch 
block [10]. Reperfusion was achieved at the time of the first 
balloon inflation or the first manual thrombus aspiration, if 
performed. The follow-up period for acute results was set at 
30 days after admission or until hospital discharge, whichever 
came later. The patients were classified into four groups based 
on the DTBT, and we investigated the relationship between the 
DTBT and in-hospital mortality. We also studied clinical indi-
ces, including patient, lesion, and procedural characteristics, 
such as shock on arrival, blood transfusion, onset-to-balloon 
time, intra-aortic balloon pump (IABP) use, and renal dysfunc-
tion (estimated glomerular filtration rate < 30 ml/min/1.73 m2 
[11]). The findings of Thrombolysis in Myocardial Infarction 
(TIMI) flow before and after PCI and final blush grade were 
also investigated.

Statistical analyses

We first determined the mean, median, and distribution of 
DTBTs. Differences in patients’ demographic and clinical 
characteristics were compared across the four DTBT groups 
(0–30, 31–60, 61–90, and > 90 min). The Cochran–Armitage 
test and Jonckheere–Terpstra test were used to examine the 
trend in the mortality rate and other clinical indices. Univari-
able analyses for in-hospital mortality were performed using 
the χ2 test. If the χ2 test was not applicable, the Fisher exact 
test and Student t test were used to analyze qualitative and 
normally distributed quantitative variables, respectively. Non-
parametric values were compared with the Wilcoxon rank-sum 
test. Time intervals and peak creatine phosphokinase (CPK) 
levels showed a skewed distribution and were compared after 
logarithmic transformation. A multivariate logistic regres-
sion analysis was conducted for the following three factors: a 
DTBT ≤ 30 min, shock on arrival, and blood transfusion dur-
ing hospitalization. A two-tailed p value < 0.05 was consid-
ered statistically significant. These statistical analyses were 
conducted using EZR (Saitama Medical Center, Jichi Medical 
University, Saitama, Japan), which is a graphical user interface 
for R (The R Foundation for Statistical Computing, Vienna, 
Austria).

Results

Sample characteristics

The mean DTBT and number of patients each year during 
the study period are described in Fig. 1. Fifty-one patients 
(9.7%) had a history of myocardial infarction (MI), and 72 
patients (13.7%) presented with shock on arrival. IABP sup-
port was performed in 99 patients (18.8%), and extracor-
poreal membrane oxygenation (ECMO) was performed in 
14 patients (2.7%). The mean DTBT was 44.4 ± 33.1 min, 
30-day mortality rate was 3.0%, and in-hospital mortality 
rate was 4.9%.

DTBT and clinical indices

DTBTs were 0–30 min in 146 patients (27.7%), 31–60 min 
in 297 patients (56.4%), 61–90 min in 60 patients (11.4%), 
and > 90 min in 24 patients (4.6%). Patients with diabetes, 
renal dysfunction, IABP use, and blood transfusion were 
more frequently observed in the groups with a longer DTBT 
than in those with a shorter DTBT (Table 1). A higher pro-
portion of patients with TIMI 3 flow and blush grade 3 after 
PCI was observed with a shorter DTBT than with a longer 
DTBT. Peak CPK levels were 2218 ± 2126, 2578 ± 2241, 
2997 ± 2857, and 1273 ± 1138  IU/L for DTBTs ≤ 30, 
31–60, 61–90, and > 90 min, respectively (p = 0.006). In 
cases, where the DTBT was within 90 min, the myocardial 
enzyme level was lower in patients with a shorter DTBT 
than in those with a longer DTBT (Table 2). Even though 
a DTBT ≤ 90 min was achieved in 95.4% of cases, a much 
shorter DTBT was associated with lower in-hospital mor-
tality. In-hospital mortality rates were 0.7, 5.0, 11.7, and 
12.5% for DTBTs ≤ 30, 31–60, 61–90, and > 90 min, respec-
tively. The trend analysis showed that the longer DTBT was 

Fig. 1   Yearly distribution of door-to-balloon time and the number of 
patients
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Table 1   Patients’ background characteristics, lesion characteristics, and door-to-balloon time; values represent mean ± SD or number (%)

DTBT door-to-balloon time, MI myocardial infarction, CABG coronary artery bypass graft, eGFR estimated glomerular filtration rate, LAD left 
anterior descending artery, LCX left circumflex artery, RCA​ right coronary artery, LMCA left main coronary artery, CTO chronic total occlusion, 
ECMO extracorporeal membrane oxygenation, IVUS intravascular ultrasonography, TIMI thrombolysis in myocardial infarction, SD standard 
deviation

DTBT (Time range, min) Total (9–628) 0–30 (9–30) 31–60 (31–59) 61–90 (61–89) > 90 (92–628) Overall p value p for trend

n = 527 146 297 60 24
Age (years) 68.0 ± 12.7 68.2 ± 12.3 67.8 ± 12.8 68.3 ± 13.4 68.5 ± 12.8 0.973 0.881
 Age > 75 years 185 (35.1) 49 (33.6) 105 (35.4) 22 (36.7) 9 (37.5) 0.963 0.599

Sex (Male) 380 (72.1) 104 (71.2) 215 (72.4) 44 (73.3) 17 (70.8) 0.988 0.857
Hypertension 305 (57.9) 81 (55.5) 172 (57.9) 36 (60.0) 16 (66.7) 0.749 0.292
Diabetes 170 (32.3) 39 (26.7) 96 (32.3) 27 (45.0) 8 (33.3) 0.089 0.044
Current smoking 206 (39.1) 59 (40.4) 122 (41.1) 16 (26.7) 9 (37.5) 0.211 0.229
Previous MI 51 (9.7) 14 (9.6) 23 (7.7) 10 (16.7) 4 (16.7) 0.113 0.133
Previous CABG 4 (0.8) 1 (0.7) 2 (0.7) 0 (0.0) 1 (4.2) 0.241 0.391
Hemoglobin (mg/dl) 13.6 ± 2.1 13.5 ± 2.0 13.7 ± 2.1 13.5 ± 2.1 13.1 ± 1.8 0.572 0.676
 Hemoglobin < 12 mg/dl 103 (19.5) 25 (17.1) 60 (20.2) 11 (18.3) 7 (29.2) 0.553 0.279

eGFR (ml/min/1.73 m2) 71.4 ± 25.8 75.5 ± 25.7 71.2 ± 25.8 64.0 ± 26.9 66.2 ± 20.4 0.022 0.008
 eGFR < 30 ml/min/1.73 m2 22 (4.2) 1 (0.7) 14 (4.7) 6 (10.0) 1 (4.2) 0.021 0.013

Shock on arrival 72 (13.7) 20 (13.7) 33 (11.1) 16 (26.7) 3 (12.5) 0.016 0.226
Culprit vessel
 LAD 268 (50.9) 72 (49.3) 152 (51.2) 33 (55.0) 11 (45.8) 0.848 0.788
 LCX 56 (10.6) 4 (2.7) 34 (11.4) 15 (25.0) 3 (12.5) < 0.001 < 0.001
 RCA​ 213 (40.4) 69 (47.3) 118 (39.7) 15 (25.0) 11 (45.8) 0.028 0.050
 LMCA 6 (1.1) 2 (1.4) 2 (0.7) 2 (3.3) 0 (0.0) 0.323 0.814

3 vessel disease 99 (18.8) 21 (14.4) 59 (19.9) 14 (23.3) 5 (20.8) 0.398 0.133
Non-culprit CTO 41 (7.8) 5 (3.4) 29 (9.8) 7 (11.7) 0 (0.0) 0.032 0.285
Approach site
 Radial 494 (93.7) 139 (95.2) 278 (93.6) 54 (90.0) 23 (95.8) 0.708 –
 Brachial 5 (0.9) 0 (0.0) 4 (1.3) 1 (1.7) 0 (0.0)
 Femoral 28 (5.3) 7 (4.8) 15 (5.1) 5 (8.3) 1 (4.2)

IABP 99 (18.8) 14 (9.6) 56 (18.9) 21 (35.0) 8 (33.3) < 0.001 < 0.001
ECMO 14 (2.7) 5 (3.4) 6 (2.0) 2 (3.3) 1 (4.2) 0.773 0.997
Blood transfusion 73 (13.9) 13 (8.9) 42 (14.1) 13 (21.7) 5 (20.8) 0.07 0.011
Nadir hematocrit (%) 30.6 ± 5.5 31.0 ± 5.0 30.7 ± 5.7 29.6 ± 5.8 29.3 ± 4.9 0.225 0.095
 Nadir hematocrit < 25% 78 (14.8) 15 (10.3) 47 (15.8) 12 (20.0) 4 (16.7) 0.264 0.084

Onset-to-door time (min) 199.4 ± 238.2 179.1 ± 210.6 215.4 ± 256.8 180.8 ± 215.5 169.5 ± 207.0 0.322 0.794
Onset-to-balloon time (min) 243.8 ± 243.0 203.9 ± 210.8 256.7 ± 256.5 253.4 ± 214.6 302.2 ± 297.4 < 0.001 < 0.001
Thrombus aspiration 465 (88.2) 132 (90.4) 266 (89.6) 51 (85.0) 16 (66.7) 0.006 0.781
Distal protection 51 (9.7) 17 (11.6) 26 (8.8) 5 (8.3) 3 (12.5) 0.734 0.334
IVUS 477 (90.5) 134 (91.8) 273 (91.9) 52 (86.7) 18 (75.0) 0.033 0.022
Baseline TIMI flow
 0/1 403 (76.5) 114 (78.1) 231 (77.8) 43 (71.7) 15 (62.5) 0.004 0.104
 2 88 (16.7) 23 (15.8) 49 (16.5) 7 (11.7) 9 (37.5) 0.196
 3 36 (6.8) 9 (6.2) 17 (5.7) 10 (16.7) 0 (0.0) 0.410

Final TIMI flow
 0/1 2 (0.4) 0 (0.0) 1 (0.3) 0 (0.0) 1 (4.2) 0.011 0.044
 2 44 (8.3) 5 (3.4) 30 (10.1) 6 (10.0) 3 (12.5) 0.034
 3 481 (91.3) 141 (96.6) 266 (89.6) 54 (90.0) 20 (83.3) 0.012

Final blush grade (n = 495) (n = 143) (n = 278) (n = 53) (n = 21)
 0/1 40 (8.1) 7 (4.9) 27 (9.7) 5 (9.4) 1 (4.8) 0.269 0.391
 2 87 (17.6) 20 (14.0) 49 (17.6) 13 (24.5) 5 (23.8) 0.070
 3 368 (74.3) 116 (81.1) 202 (72.7) 35 (66.0) 15 (71.4) 0.035
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associated with higher in-hospital mortality (p ≤ 0.001) 
(Fig. 2).

Onset‑to‑balloon time and in‑hospital mortality

We also categorized the patients according to the onset-
to-balloon time (OTBT) and compared the mortality rates 
among the groups. We excluded eight patients owing 
to the absence of documented onset time data. The in-
hospital mortality rates were 3.1% (n = 6), 6.5% (n = 11), 
1.6% (n = 1), and 8.9% (n = 8) for OTBTs ≤ 120 (n = 196), 

121–240 (n = 170), 241–360 (n = 63), and > 360  min 
(n = 90), respectively (p for trend = 0.982) (Table 3).

Clinical features of hospital survivors 
and non‑survivors

To determine the clinical features of hospital survi-
vors (n = 501) and non-survivors (n = 26), clinical and 
procedural characteristics between the two groups 
were compared. The mean length of hospital stay was 
20.8 ± 21.0 days. Among the 26 deceased patients, 10 
patients died after 30 days during their primary admis-
sion period. Older patients (p < 0.001), female sex 
(p < 0.001), a DTBT > 30 min (p < 0.001), higher peak 
CPK level (p = 0.039), lower left ventricle ejection fraction 
(p < 0.001), history of MI (p = 0.008), anemia (p < 0.001), 
renal dysfunction (p < 0.001), shock on arrival (p < 0.001), 
blood transfusion (p < 0.001), IABP use (p < 0.001), and 
ECMO use (p = 0.003) were more frequently observed 
in the non-survivor group than in the survivor group in 
univariate analysis (Table 4). Poor myocardial perfusion 
according to TIMI flow and the blush grade after PCI 
was significantly more frequently observed in the non-
survivor group than in the survivor group. Multivariate 
analysis revealed that a DTBT ≤ 30 min (odds ratio [OR] 
0.11, 95% confidence interval [CI] 0.01–0.91, p = 0.041), 
shock on arrival (OR 2.74, 95% CI 1.02–7.37, p = 0.046), 
and blood transfusion (OR 49.60, 95% CI 13.90–177.00, 
p < 0.001) were independent predictors of in-hospital mor-
tality (Table 5).

Table 2   In-hospital outcomes in each DTBT group; values represent mean ± SD or number (%)

DTBT door-to-balloon time, CPK creatine phosphokinase, LVEF left ventricle ejection fraction, PCI percutaneous coronary intervention, SD 
standard deviation

DTBT Total 0–30 31–60 61–90 > 90 Overall p value p for trend

Peak CPK level (U/L) 2467 ± 2271 2218 ± 2127 2578 ± 2241 2997 ± 2857 1273 ± 1139 0.006 0.631
LVEF post PCI (%) 53.8 ± 12.4 56.7 ± 10.7 53.3 ± 12.2 48.5 ± 14.5 55.4 ± 14.5 < 0.001 0.002
Length of hospital stay (day) 20.8 ± 21.0 18.3 ± 16.0 20.5 ± 18.1 25.2 ± 22.9 29.5 ± 52.2 0.029 0.087
30-days mortality 16 (3.0) 1 (0.7) 9 (3.0) 4 (6.7) 2 (8.3) 0.052 0.006
In-hospital mortality 26 (4.9) 1 (0.7) 15 (5.1) 7 (11.7) 3 (12.5) 0.002 < 0.001

Fig. 2   Incidence of 30-day and in-hospital mortality in each door-to-
balloon time group

Table 3   OTBT and in-hospital mortality; values represent number (%)

OTBT onset-to-balloon time

OTBT
(Time range, min)

Total
(31–1573)

0–120
(31–120)

121–240
(121–240)

241–360
(243–360)

> 360
(361–1573)

Overall p value p for trend

n = 519 196 170 63 90
In-hospital mortality 26 (5.0) 6 (3.1) 11 (6.5) 1 (1.6) 8 (8.9) 0.081 0.110
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Table 4   Patients’ background 
characteristics, lesion 
characteristics, and in-hospital 
mortality; values represent 
mean ± SD or number (%)

In-hospital outcome Survivors Non-survivors Overall p value

n = 501 26
Age (years) 67.4 ± 12.6 79.4 ± 7.1 < 0.001
 Age ≥ 75 years 164 (32.7) 21 (80.8) < 0.001

Sex (male) 370 (73.9) 10 (38.5) < 0.001
HT 287 (57.3) 18 (69.2) 0.309
DM 158 (31.5) 12 (46.2) 0.134
Current smoking 201 (40.1) 5 (19.2) 0.039
Previous MI 44 (8.8) 7 (26.9) 0.008
Previous CABG 4 (0.8) 0 (0.0) 1
Hemoglobin (mg/dl) 13.7 ± 2.0 11.5 ± 2.4 < 0.001
Hemoglobin < 12 mg/dl 86 (17.2) 17 (65.4) < 0.001
 eGFR, ml/min/1.73 m2 72.8 ± 25.2 43.3 ± 21.4 < 0.001

eGFR < 30 ml/min/1.73 m2 15 (3.0) 7 (26.9) < 0.001
 Shock on arrival 59 (11.8) 13 (50.0) < 0.001

Culprit vessel
 LAD 255 (50.9) 13 (50.0) 1
 LCX 52 (10.4) 4 (15.4) 0.507
 RCA​ 204 (40.7) 9 (34.6) 0.683
 LMT 5 (1.0) 1 (3.8) 0.263

3 vessel disease 90 (18.0) 9 (34.6) 0.066
Non-culprit CTO 38 (7.6) 3 (11.5) 0.445
Approach site
 Radial 472 (94.2) 22 (84.6) 0.084
 Brachial 5 (1.0) 0 (0.0)
 Femoral 24 (4.8) 4 (15.4)

Onset-to-door time (min) 195.0 ± 232.9 282.4 ± 317.4 0.166
Door-to-balloon time (min) 43.7 ± 33.4 58.1 ± 23.8 < 0.001
 0–30 145 (28.9) 1 (3.8) < 0.001
 31–60 282 (56.3) 15 (57.7)
 61–90 53 (10.6) 7 (26.9)

  > 90 21 (4.2) 3 (11.5)
Onset-to-balloon time (min) 238.7 ± 238.2 340.5 ± 311.4 0.030
IABP 81 (16.2) 18 (69.2) < 0.001
ECMO 10 (2.0) 4 (15.4) 0.003
Blood transfusion 50 (10.0) 23 (88.5) < 0.001
Nadir hematocrit (%) 31.1 ± 5.2 21.5 ± 3.3 < 0.001
 Nadir hematocrit < 25% 58 (11.6) 20 (76.9) < 0.001

Peak CPK level (U/L) 2414 ± 2243 3483 ± 2625 0.039
LVEF post PCI (%) 54.6 ± 11.9 36.9 ± 11.8 < 0.001
Length of hospital stay (day) 20.2 ± 20.2 32.7 ± 30.2 0.003
Thrombus aspiration 449 (89.6) 16 (61.5) < 0.001
Distal protection 50 (10.0) 1 (3.8) 0.498
IVUS 456 (91.0) 21 (80.8) 0.089
Baseline TIMI flow
 0/1 381 (76.0) 22 (84.6) 0.708
 2 85 (17.0) 3 (11.5)
 3 35 (7.0) 1 (3.8)

Final TIMI flow
 0/1 1 (0.2) 1 (3.8) < 0.001
 2 36 (7.2) 8 (30.8)
 3 464 (92.6) 17 (65.4)
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Discussion

In this study, we demonstrated that significant incremental 
improvement of in-hospital and 30-day mortality rate is 
associated with DTBT shortening among patients treated 
even within 90 min (p < 0.001 and p = 0.006, respectively). 
Furthermore, a DTBT within 30 min was proven to be an 
independent predictor of in-hospital mortality along with 
shock and blood transfusion. To the best of our knowledge, 
this is the first study conducted with the largest proportion 
(27.7%) of patients with earlier (≤ 30 min) revasculariza-
tion among studies evaluating the prognosis of patients 
treated within the guideline-recommended DTBT (i.e., 
≤ 90 min).

Since the American College of Cardiology/AHA 
guidelines for the management of acute MI established 
a DTBT of 90 min as the gold standard for primary PCI 
in 2004 [4], individual efforts in PCI-capable hospitals 
have been made to reduce the time to revascularization 
[12, 13]. In 2008, > 80% of patients who had undergone 
primary PCI for STEMI in the United States met the goal 
of a DTBT ≤ 90 min [6], although a significant number 
of patients were excluded in that registry. Furthermore, 
Rathore et al. [9] evaluated the effect of a shorter DTBT 
and suggested that DTBT reduction from 90 to 60 min 
and from 60 to 30 min was associated with lower mor-
tality (0.8 and 0.5%, respectively). Moreover, the study 
concluded that the time to treatment should be as short 
as possible, even in centers currently providing primary 

PCI within 90 min. However, a study that analyzed the 
CathPCI Registry showed no improvement in mortality by 
shortening the DTBT. During the study period, the median 
DTBT was reduced from 83 min in 2005 to 67 min in 
2009 (p < 0.001); nevertheless, unadjusted mortality or 
risk-adjusted mortality was not significant [7]. A further 
analysis on the same registry between 2005 and 2011 sug-
gested that the discrepancy between a shorter DTBT and 
clinical outcome could be attributed to the growing and 
changing STEMI patient population from year to year, 
including the expanding use of PCI and the increased 
number of hospitals included in the study [8]. Thus, in a 
multicenter registry, potential heterogeneity in the chro-
nology, institutional background, or operator experience 
and expertise may be problematic. Moreover, a deviated 
proportion of the mean DTBT among institutions might 
also affect findings; a hospital with a shorter mean DTBT 
is likely to provide a higher standard of care not only dur-
ing PCI, but also during coronary care unit care or further 
treatment [9].

Furthermore, access site selection and intravascular ultra-
sonography (IVUS) use may affect the results. Although the 
sample size was relatively small in this single-center analy-
sis, the PCI procedure was almost identical among patients. 
Transradial intervention was performed in 93.7% and IVUS 
in 90.5% of the patients, with mainly two registered inter-
ventional cardiologists. Hence, heterogeneity of the thera-
peutic procedure was minimal. In addition, this study’s 
patient cohort comprised a larger proportion of STEMI 
patients with a DTBT ≤ 30 min in a single center with a 
homogeneous PCI procedure.

Total ischemic time is another significant predictor of 
prognosis in STEMI [14, 15]. Thus, we also categorized 
the patients according to onset-to-balloon time (OTBT) 
and compared the mortality rates among the groups. We 
excluded eight patients owing to the absence of docu-
mented onset time data. The in-hospital mortality rates 
were 3.1% (n = 6), 6.5% (n = 11), 1.6% (n = 1), and 8.9% 
(n = 8) for OTBTs ≤ 120 (n = 196), 121–240 (n = 170), 
241–360 (n = 63), and > 360 min (n = 90), respectively (p for 

Table 4   (continued) In-hospital outcome Survivors Non-survivors Overall p value

Final blush grade (n = 472) (n = 23)
 0/1 34 (7.2) 6 (26.1) < 0.001
 2 78 (16.5) 9 (39.1)
 3 360 (76.3) 8 (34.8)

SD standard deviation, HT hypertension, DM diabetes mellitus, MI myocardial infarction, CABG coronary 
artery bypass graft, eGFR estimated glomerular filtration rate, LAD left anterior descending artery, LCX 
left circumflex artery, RCA​ right coronary artery, LMT left main trunk, CTO chronic total occlusion, IABP 
intra-aortic balloon pump, ECMO extracorporeal membrane oxygenation, CPK creatine phosphokinase, 
LVEF left ventricular ejection fraction, PCI percutaneous coronary intervention, IVUS intravascular ultra-
sonography, TIMI thrombolysis in myocardial infarction

Table 5   Independent predictors of in-hospital mortality in multivari-
ate analysis

DTBT door-to-balloon time, CI confidence interval

Factor Odds ratio (95%CI) P value

DTBT (≤ 30 min.) 0.11 (0.01–0.91) 0.041
Shock on arrival 2.74 (1.02–7.37) 0.046
Transfusion 49.60 (13.90–177.00) < 0.001
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trend = 0.982). The cause of this less significant correlation 
between OTBT and mortality in our study, although uncer-
tain, can be explained as follows: (1) determination of the 
exact onset time is sometimes difficult, especially in elderly 
patients [16] and (2) onset-to-door time (OTDT) is affected 
by the onset time. Patients having an attack at night had 
a significantly shorter OTDT because they tend to directly 
visit PCI-capable hospitals by ambulance [17]. Those with 
a more serious condition (likely to have a poor prognosis) 
tended to arrive at the hospital earlier, whereas those with 
a less serious condition (likely to have a good prognosis) 
tended to have a longer OTDT, as they stop at a local practi-
tioner’s office or non-PCI-capable hospitals before arriving 
at PCI-capable hospitals. Our analysis revealed that patients, 
whose OTDT was ≤ 60 min (n = 146) had a significantly 
higher proportion of shock on arrival than those with a 
longer OTDT (n = 373) (20.5 vs. 11.0%; p = 0.007).

In this study, the incidence of blood transfusion was as 
high as 13.9%. Japanese patients, particularly the elderly 
patients, have a relatively small build and are prone to ane-
mia during and after primary PCI, even in the absence of 
major bleeding. Moreover, although the prevalence of tran-
sradial approach is high, the mean nadir hematocrit was 
30.6 ± 5.5% in all cohorts, and the proportion of the patients 
with nadir hematocrit < 25% was 14.8%, which was almost 
equivalent to the incidence of transfusion.

Blood transfusion was the most contributing risk factor 
of in-hospital mortality in multivariate analysis of our study. 
In a recent study concerning blood transfusion in anemic 
patients with acute coronary syndrome, blood transfusion 
was associated with a significantly increased adjusted hazard 
ratio for 30-day death of 3.94 [18]. Such worse outcomes 
by blood transfusion are considered causally related to the 
inflammatory response, ischemia, vasoconstriction, hemo-
dynamic compromise due to bleeding, and subsequent ces-
sation of anti-platelet drugs that may became a cause for 
stent thrombosis [18]. Aside from such relationship between 
blood transfusion and worse clinical outcome, patients with 
STEMI who require blood transfusion have a significantly 
higher incidence of various risk-related factors including 
advanced age, female sex, hypertension, diabetes, prior 
stroke, prior congestive heart failure, and chronic renal insuf-
ficiency [18, 19].

This study has several limitations. First, this was a sin-
gle-center retrospective study. Only 26 in-hospital deaths of 
the 527 patients were reported. Thus, the study’s ability to 
detect significant correlates of adverse events was limited. 
Second, other potential confounders that could affect the 
DTBT, such as cognitive faculty, frailty, and other factors 
related to the severity of the patient’s condition, were not 
investigated. Third, despite the aforementioned postulations, 
the cause of less correlation between OTDT with mortal-
ity remains uncertain, which warrants further investigation. 

Fourth, although a longer DTBT was associated with a 
higher mortality rate, the other markers, including enzyme 
leakage and ejection fraction, did not show a relevant trend. 
Fifth, although the PCI procedure and standard of care for 
the patients were considered identical because of the nature 
of the study (single center and limited operators), the DTBT 
per se ranged from 9 to 628 min. Such a wide distribution of 
the DTBT may partly reflect the deviation of the severity of 
the patients among the four groups. In fact, the group with a 
DTBT > 90 min had a higher proportion of the previous MI 
and coronary artery bypass graft. Although a longer DTBT 
was associated with higher mortality, a longer DTBT per 
se may reflect the patients’ characteristics responsible for a 
poor prognosis.

Conclusions

Although the guidelines recommended a DTBT ≤ 90 min in 
PCI for patients with STEMI, incremental improvement of 
the survival rate is associated with further reduction of the 
DTBT among patients treated within 90 min. Moreover, the 
effort to further shorten the DTBT contributed to lower in-
hospital mortality in patients with STEMI, especially when 
the DTBT was ≤ 30 min.
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