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Abstract:
Objective In primary percutaneous coronary intervention (PCI), the door-to-balloon time (DTBT) is known

to be associated with in-hospital death in patients with ST-segment elevation myocardial infarction (STEMI).

However, little is known regarding the association between the DTBT and the mid-term clinical outcomes in

patients with STEMI. The purpose of this study was to investigate the association between the DTBT and

mid-term all-cause death.

Methods The study population included 309 STEMI patients, who were divided into the short DTBT

(DTBT<60 minutes, n=103), intermediate DTBT (DTBT 60-120 minutes, n=174) and long DTBT (DTBT

>120 minutes, n=32) groups. The median follow-up period was 287 days (interquartile range: 182-624 days).

Results The incidence of all-cause death in the long DTBT group was significantly higher in comparison to

the other groups (p<0.001). In the multivariate Cox regression analysis, although a short DTBT [vs. interme-

diate DTBT: hazard ratio (HR) 1.00, 95% confidence interval (CI) 0.39-2.55, p=0.99] was not associated

with all-cause death, a long DTBT (vs. intermediate DTBT: HR 2.80, 95% CI 1.26-6.17, p=0.011) was sig-

nificantly associated with all-cause death, after controlling for confounding factors such as Killip class 4, an

impaired renal function, and the number of diseased vessels.

Conclusion The DTBT was significantly associated with the incidence of mid-term all-cause death. Our re-

sults support the strong adherence to the DTBT in patients with STEMI.

Key words: percutaneous coronary intervention, ST-elevation acute myocardial infarction, door to balloon

time, all-cause death
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Introduction

Since the door-to-balloon time (DTBT) is considered to

be associated with mortality and morbidity in patients with

ST-segment elevation myocardial infarction (STEMI) (1, 2),

the current guidelines recommend that a DTBT of �90 min

or �60 min be achieved (3, 4). However, early studies have

mainly focused on the association between the DTBT and

short-term mortality (5). Our previous study, which investi-

gated the determinants of short and long DTBTs, also

showed that the rate of in-hospital mortality in STEMI pa-

tients with a short DTBT was lower than that in those with

a long DTBT (6). On the other hand, there are few studies

about the association between the DTBT and mid-term or

long-term clinical outcomes (7, 8). The purpose of this

study was to investigate the association between the DTBT

and mid-term all-cause death in patients with STEMI.

Materials and Methods

Study patients

We identified acute myocardial infarction (AMI) patients
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from hospital records of patients who were managed in our

medical center from January 2015 to December 2017. The

diagnosis of AMI required the following criteria: symptoms

consistent with AMI; elevated cardiac enzymes, including

Troponin T, Troponin I, and/or creatinine kinase (at least a

2-fold increase from the upper normal limit); and ST-

segment elevation or depression on electrocardiograms that

was compatible with AMI (6). We defined the DTBT as the

time from hospital arrival to the time of balloon dilation or

thrombus aspiration (6). The exclusion criteria were as fol-

lows: 1) non-ST-elevation myocardial infarction (NSTEMI);

2) delayed admission (>24 hours from the onset of AMI to

hospital arrival); 3) unclear door time, typically nosocomial

cases; 4) patients without primary percutaneous coronary in-

tervention (PCI); and 5) patients with a DTBT of <15 min-

utes or >3 hours (2, 9). We divided our study population

into short DTBT (DTBT <60 minutes), intermediate DTBT

(DTBT 60-120 minutes), and long DTBT (DTBT �120 min-

utes) groups according to our previous criteria (6). The pri-

mary endpoint was all-cause death. We acquired this infor-

mation from hospital records. The day of admission was de-

fined as the index day (day 1). Patients were followed until

death or until the end of the study (March 2019).

Definitions

Hypertension was defined as medical treatment for hyper-

tension and/or a history of hypertension before admis-

sion (6). Dyslipidemia was defined as total cholesterol �220

mg/dL or low-density lipoprotein cholesterol �140 mg/dL or

medical treatment for dyslipidemia or a history of dyslipide-

mia (6). Diabetes mellitus was defined as hemoglobin A1c

�6.5% [as National Glycohemoglobin Standardization Pro-

gram (NGSP) value], medical treatment for diabetes melli-

tus, or a history of diabetes mellitus (6). We also calculated

estimated glomerular filtration rate (eGFR) from the serum

creatinine level, age, weight, and sex using the following

formula: eGFR=194×Cr1.094×age-0.287 (male), eGFR=194×Cr1.094

×age-0.287×0.739 (female) (10). Shock was defined as systolic

blood pressure <90 mmHg or vasopressors required to main-

tain blood pressure or attempted cardiopulmonary resuscita-

tion (11). Patient symptoms were classified as either typical

symptoms or atypical symptoms. Typical symptoms was de-

fined as acute onset chest pain or chest oppression, whereas

atypical symptoms was defined as other symptoms, such as

chest discomfort, shortness of breath, nausea, syncope or the

absence of these symptoms (12). We investigated an onset

time from our hospital records. However, in some cases, the

hospital records only described the onset time as morning,

evening, bed-time, or midnight, rather than the exact time.

Thus, we translated these vague expressions into the exact

time to calculate the onset-to-balloon time. We defined get-

ting up as 6:00 am, morning as 9:00 am, noon as 12:00 pm,

evening as 18:00 pm, bedtime as 21:00 pm, and midnight as

0:00 am.

Primary PCI was performed using standard techniques via

the radial artery, the femoral artery, or-in rare cases-the bra-

chial artery. First, we advanced a conventional guidewire

across the lesion, and used a small (diameter: 2.0 mm) bal-

loon or thrombus aspiration catheter (balloon time). The

choice of devices was left to the discretion of each interven-

tional cardiologist. The activated coagulation time (ACT)

was maintained at >250 seconds during PCI.

Statistical analysis

Data are expressed as the mean±standard deviation (SD)

or percentage. Categorical variables are presented as the

number (percentage) and were compared with Pearson’s χ2

test. The Shapiro-Wilk test was performed to determine if

continuous variables were normally distributed. Normally

distributed continuous variables were compared using a one-

way analysis of variance (ANOVA). Otherwise, continuous

variables were compared using the Kruskal-Wallis test.

Event free survival curves were constructed using the

Kaplan-Meier method, and the differences between curves

were statistically assessed by the log lank test. P values of <

0.05 were considered to indicate statistical significance. We

also performed a multivariate Cox regression analysis to in-

vestigate the association between short or long DTBT and

all-cause death after controlling for confounders, which were

known clinical factors (e.g., Killip 4, eGFR, or triple vessel

disease) (12-16). Hazard ratios (HRs) and the 95% confi-

dence intervals (CIs) were calculated. All analyses was per-

formed using the SPSS 24.0 for Windows software program

(SPSS, Chicago, USA).

Results

A total of 790 AMI patients admitted to our hospital from

January 2015 to December 2017. From these, 469 patients

were excluded (NSTEMI, n=331; delayed admission, n=90;

unclear door time, n=32; and without primary PCI, n=16).

Furthermore, we excluded 12 patients because their DTBT

was �3 hours. Thus, our final study population included 309

STEMI patients who were divided, according to their DTBT,

into the short DTBT (n=103), intermediate DTBT group (n=

174) and long DTBT (n=32) groups (Fig. 1). The median

follow-up period was 287 days (Interquartile range: 182-

624). The mean and median DTBT were 75.1±30.8 min and

69 min (interquartile range: 53-92 min), respectively.

Table 1 shows the comparison of patient characteristics

among the 3 groups. The prevalence of atypical symptoms

was highest in the long DTBT group (37.6%), followed by

the intermediate DTBT group (20.7%), and lowest in the

short DTBT group (11.7%) (p=0.004). The prevalence of

Killip class 3 and 4 was highest in the long DTBT group

(21.9% and 21.9%, respectively), followed by the intermedi-

ate DTBT group (8.0% and 13.8%), and lowest in the short

DTBT group (1.9% and 4.9%) (p=0.013 and <0.001). Ta-

ble 2 shows the comparison of angiographic and procedural

characteristics among the 3 groups. The prevalence of triple

vessel disease was highest in the long DTBT group (34.4%),

followed by the intermediate DTBT group (20.7%), and



Intern Med 59: 1597-1603, 2020 DOI: 10.2169/internalmedicine.4287-19

1599

Figure　1.　Study flowchart. PCI: percutaneous coronary in-
tervention, DTBT: door-to-balloon time 

lowest in the short DTBT group (8.7%) (p=0.008). Me-

chanical support, including intra-aortic balloon pumping and

veno-arterial extracorporeal membrane oxygenation (V-A

ECMO), was most frequently used in the long DTBT group,

followed by the intermediate DTBT group, and was least

commonly used in the short DTBT group. A radial approach

was most frequently applied in the short DTBT group

(73.0%), followed by the intermediate DTBT group

(59.0%), and was least frequently applied in the long DTBT

group (44.4%) (p<0.033).

Kaplan-Meier curves were constructed to compare all-

cause death among the 3 groups (Fig. 2). All-cause death

was most frequently observed in the long DTBT group, fol-

lowed by the intermediate group, and least frequently ob-

served in the short DTBT group (p<0.001) (Fig. 2).

Table 3 shows the multivariate Cox regression models

used to investigate the association between the DTBT and

all-cause death after controlling for covariates. In model 1,

while a short DTBT was not significantly associated with

all-cause death (HR 1.00, 95% CI 0.39-2.55, p=0.99), a long

DTBT (HR 2.80, 95% CI 1.26-6.17, p=0.011) was signifi-

cantly associated with all-cause death after controlling for

Killip class 4, eGFR, and triple vessel disease. In model 2, a

long DTBT (HR 2.73, 95% CI 1.29-5.77, p=0.009) was also

associated with all-cause death after controlling for age, me-

chanical support, and left main-left anterior descending ar-

tery (LM-LAD) lesions.

Discussion

The present study analyzed 309 STEMI patients who un-

derwent primary PCI to investigate the association between

the DTBT and mid-term all-cause death. Mid-term all-cause

death was more frequently observed in the long DTBT

group. The multivariate Cox regression analysis showed a

significant association between a long DTBT and mid-term

all-cause death after controlling for confounding factors,

such as Killip class 4, eGFR, triple vessel disease, age, use

of mechanical support, and LM-LAD lesion. Our results

suggest that reducing the DTBT is important for achieving

better clinical outcomes.

Shiomi et al. analyzed 3,391 patients with STEMI, and

reported a significant association between a short DTBT and

better long-term outcomes in patients who presented within

2 hours of the onset of symptoms (17). Our results showed

a significant association between a long- DTBT and all-

cause death, but not between a short-DTBT and all-cause

death. In our study, the mean onset to balloon time was ap-

proximately 6 hours, which might have affected the negative

association between a short-DTBT and all-cause death. An

Australian registry (n=1,926) also showed that a door-to-

balloon time of �90 min was associated with a lower risk of

major adverse cardiac events (MACE) (adjusted odds ratio

0.48, 95% CI 0.33-0.73, p<0.01) (18). Furthermore, na-

tional registry data (n=150,116) from the USA showed a

significant relationship between a shorter DTBT and reduced

6-month mortality (2). In comparison to these national regis-

try data, the study population of the present study was rela-

tively small, which might have affected the negative associa-

tion between a short-DTBT and all-cause death. However,

similarly to the above studies, our results also showed the

importance of reducing the DTBT, because of the significant

association between a long-DTBT and all-cause death.

Our multivariate analysis showed that factors such as Kil-

lip class 4, triple vessel disease, an impaired renal function,

age, and the use of mechanical support were significantly

associated with mid-term all-cause death. These factors,

which reflect the severity of AMI, have been reported to be

associated with poor clinical outcomes (16, 19-23). There-

fore, our multivariate analysis confirmed the strong associa-

tion between established risk factors and mid-term clinical

outcomes.

The clinical implications of the present study should be

noted. In general, the Killip class, number of diseased ves-

sels, and the renal function are pre-defined conditions for

each patient that cannot be changed in primary treatment for

STEMI. On the other hand, the DTBT is an issue that we

can modify. Since a delayed DTBT was significantly associ-

ated with mid-term all-cause death in this study, efforts

should be made to shorten the DTBT, as mentioned in re-

cent guidelines (24). Furthermore, the catheter laboratory

team might shorten the DTBT through their collaboration

(25). Although our results showed the strong adherence to

the DTBT in patients with STEMI, when STEMI patients

present with Killip class 4, adequate respiratory support or

mechanical circulatory support should be prioritized over the

DTBT to achieve better clinical outcomes (26-29). Further-

more, the favorable association between the DTBT and in-
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Table　1.　The Comparison of Patient Clinical Characteristic among the Short, Intermediate and Long DTBT Groups.

All (n=309)
Short DTBT group 

(n=103)

Intermediate DTBT 

group (n=174)

Long DTBT 

group (n=32)
p value

Age (years) 67.6±13.6 65.8±15.1 68.8±12.9 66.8±11.6 0.34

Female sex, n (%) 70 (21.8) 17 (16.5) 39 (22.4) 14 (31.8) 0.12

Height, n (%) 163±9.53 (n=305) 163±9.93 163±9.14 162±10.7 0.83

Body weight, n (%) 64.5±14.2 (n=305) 66.5±15.5 63.4±13.2 63.0±14.2 0.46

Body mass index, n (%) 24.1±4.08 (n=305) 24.8±4.20 23.9±3.65 23.7±3.53 0.28

Hypertension, n (%) 214 (70.9) 61 (61.0) 129 (75.4) 24 (77.4) 0.029

Diabetes mellitus, n (%) 109 (35.5) 39 (38.2) 57 (32.8) 13 (41.9) 0.48

Dyslipidemia, n (%) 123 (41.4) 45 (45.5) 64 (38.3) 14 (45.2) 0.47

Current smoker, n (%) 170 (56.7) 58 (57.4) 93 (55.4) 19 (61.3) 0.81

History of previous MI, n (%) 23 (7.5) 8 (7.8) 11 (6.3) 4 (12.9) 0.43

History of previous PCI, n (%) 29 (9.4) 8 (7.8) 16 (9.2) 5 (16.1) 0.38

History of previous CABG, n (%) 2 (0.60) 1 (1.0) 0 (0.0) 1 (3.2) 0.11

History of previous CVD, n (%) 31 (10.1) 7 (6.8) 17 (9.8) 7 (22.6) 0.037

Hemodialysis, n (%) 11 (3.6) 2 (1.9) 7 (4.0) 2 (6.5) 0.44

Atypical symptoms, n (%) 60 (19.4) 12 (11.7) 36 (20.7) 12 (37.6) 0.004

Access to our hospital 0.007

Direct admission by ambulance 183 (59.2) 49 (47.6) 111 (63.8) 23 (71.9)

Transfer from local clinics 45 (14.6) 21 (20.4) 22 (12.6) 2 (6.3)

Transfer from local hospitals 75 (24.3) 33 (32.0) 37 (21.3) 5 (15.6)

Direct visit by walk 6 (1.9) 0 (0.0) 4 (3.3) 2 (6.3)

Cardiac arrest at out of hospital 22 (7.1) 5 (4.9) 13 (7.5) 4 (12.5) 0.33

Shock on admission 34 (11.0) 9 (8.7) 21 (12.1) 7 (21.9) 0.032

Killip class 3 23 (7.4) 2 (1.9) 14 (8.0) 7 (21,9) 0.013

Killip class 4 36 (11.7) 5 (4.9) 24 (13.8) 7 (21.9) <0.001

Region of infraction 0.12

Anterior 167 (54.2) 58 (56.3) 92 (52.9) 17 (54.8)

Inferior 119 (38.6) 42 (40.8) 68 (39.1) 9 (19.0)

Posterior 22 (7.1) 3 (2.9) 14 (8.0) 5 (16.1)

Total cholesterol, mg/dL 180±45.0 (n=301) 188±48.5 180±42.5 165±42.0 0.09

Triglyceride, mg/dL 121±118 (n=303) 144±169 112±82.2 96.0±38.3 0.53

LDL-cholesterol, mg/dL 111±37.7 (n=297) 116±38.2 110±37.1 104±39.5 0.35

HDL-cholesterol, mg/dL 44.0±12.0 (n=294) 43.9±12.4 44.3±11.2 42.3±14.5 0.74

HbA1c, % 6.42±1.32 (n=302) 6.68±1.66 6.28±1.11 6.34±0.98 0.28

eGFR, mL/min/1.73 m2 69.4±29.1 (n=308) 78.5±29.0 66.3±27.4 56.1±31.3 0.001

Medical therapy on admission

ACE inhibitor 11 (3.6) 4 (3.9) 5 (2.9) 2 (6.7) 0.59

ARB 90 (29.7) 24 (23.5) 52 (30.4) 14 (46.7) 0.049

Beta-blocker 25 (8.3) 4 (3.9) 14 (8.2) 7 (23.3) 0.003

Diuretics 24 (7.9) 4 (2.9) 17 (9.9) 4 (13.3) 0.06

Calcium channel blocker 88 (29.0) 21 (20.6) 56 (32.7) 11 (36.7) 0.063

Statin 67 (21.9) 21 (20.4) 36 (20.8) 10 (33.3) 0.28

Oral antidiabetic 63 (20.6) 22 (21.4) 31 (17.9) 10 (33.3) 0.15

Insulin 13 (4.2) 6 (5.8) 6 (3.5) 1 (3.3) 0.62

DTBT: door-to-balloon time, MI: myocardial infarction, PCI: percutaneous coronary intervention, CABG: coronary artery bypass grafting, CVD: 

cerebrovascular disease, LDL: low-density lipoprotein, HDL: high-density lipoprotein, eGFR: estimated glomerular filtration rate, ACE: angiotensin 

converting enzyme, ARB: angiotensin receptor blocker

hospital outcomes has been established (5). Therefore, we

should seek a short DTBT for patients with STEMI, as long

as the patient’s hemodynamics are stable.

Study limitations

The present study was associated with some limitations.

First, since this study was a single-center retrospective ob-

servational study, there is a risk of selection bias. Since the

study population was relatively small, the statistical analysis

has an inherent risk of beta error (30). Because the clinical

follow-up was confirmed by retrospective reviews of hospi-

tal charts, the follow-up periods varied widely. As we de-

scribed in the Methods section, the vague expression regard-

ing the time of onset was arbitrary translated into an exact

time. Thus, our onset-to-door time was not exactly accurate.
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Table　2.　The Compassion of Angiographic and Procedural Characteristics among the Short, Intermediate and 
Long DTBT Groups.

All 

(n=309)

Short DTBT group 

(n=103)

Intermediate DTBT 

group (n=174)

Long DTBT 

group (n=32)
p value

Angiographic lesion characteristics
Infarct related artery 0.001

Left main 9 (2.9) 2 (1.9) 2 (1.1) 5 (15.6)

Left anterior descending artery 159 (51.5) 55 (53.4) 91 (52.3) 13 (40.6)

Left circumflex artery 28 (9.1) 8 (7.8) 16 (9.2) 4 (12.5)

Right coronary artery 113 (36.6) 38 (36.9) 65 (37.4) 8 (31.3)

Number of narrowed coronary artery 0.008

Single vessel disease 167 (54.0) 60 (58.3) 95 (54.6) 12 (37.5)

Double vessel disease 86 (27.8) 34 (33.0) 43 (24.7) 14 (28.1)

Triple vessel disease 656 (18.1) 9 (8.7) 36 (20.7) 11 (34.4)

Initial TIMI flow grade 0.001

0 181 (58.6) 74 (71.8) 97 (55.7) 10 (31.3)

1 42 (13.6) 13 (12.6) 21 (12.1) 8 (25.0)

2 51 (16.5) 12 (11.7) 32 (18.4) 7 (21.9)

3 35 (11.3) 4 (3.9) 24 (13.8) 7 (21.9)

Final TIMI flow grade 0.64

0 1 (0.3) 0 (0.0) 1 (0.6) 0 (0.0)

1 2 (0.6) 0 (0.0) 2 (1.1) 0 (0.0)

2 15 (4.9) 3 (2.9) 11(6.3) 1 (3.1)

3 291 (94.2) 100 (97.1) 160 (92.0) 31 (96.9)

Procedure characteristics
Door to balloon time 75.1±30.8 45.3±9.83 81.0±16.1 139.1±16.2 <0.001

Onset to balloon time* 371±361 320±296 378±393 505±343 <0.001

Pre-dilatation by small balloon 278 (90.0) 96 (93.2) 152 (87.4) 30 (93.8) 0.22

Thrombus aspiration 98 (31.8) 24 (23.3) 70 (40.5) 4 (12.5) 0.001

Bare metal stent 16 (5.2) 6 (5.8) 9 (5.2) 1 (3.1) 0.83

Drug-eluting stent 271 (87.7) 95 (92.2) 151 (86.8) 25 (78.1) 0.09

Drug coated balloon 3 (1.0) 0 (0.0) 2 (1.1) 1 (3.1) 0.27

Post-dilatation after stenting 128 (41.4) 47 (45.6) 63 (36.2) 18(56.3) 0.06

Rotational atherectomy 1 (0.3) 1 (1.0) 0 (0.0) 0(0.0) 0.37

Distal protection 1 (0.3) 0 (0.0) 1 (0.6) 0(0.0) 0.68

Micro catheter 50 (16.2) 11 (10.7) 27 (15.5) 12(37.5) 0.001

Intra-aortic balloon pumping 33 (10.7) 6 (5.9) 20 (11.5) 7(21.9) 0.032

V-A ECMO 12 (3.9) 1 (1.0) 5 (2.9) 6(18.8) <0.001

Mechanical support 44 (14.2) 7 (6.8) 25 (14.4) 12 (37.5) <0.001

Temporary pacemaker 40 (13.0) 7 (6.9) 28 (16.1) 5 (15.6) 0.08

Initial access site 0.033

Radial artery 190 (62.3) 73 (73.0) 102 (59.0) 15 (44.4)

Brachial artery 2 (0.7) 0 (0.0) 1 (0.6) 1 (3.1)

Femoral artery 113 (37.0) 27 (27.0) 70 (40.5) 17 (53.1)

* In some cases, expression regarding onset time was described in hospital records as just morning, evening, bed-time, or mid-night rather 

than the exact time. Those vague expressions were translated into the exact time to calculate onset-to-balloon time as follows: Getting up as 

6:00 am, morning as 9:00 am, noon as 12:00 pm, evening as 18:00 pm, bedtime as 21:00 pm, mid-night as 0:00 am.

DTBT: door-to-balloon time, TIMI: thrombolysis in myocardial infarction, V-A ECMO: veno-arterial extracorporeal membrane oxygen-

ation

Conclusion

The DTBT was significantly associated with the mid-term

all-cause death, as well as established factors, such as Killip

class, triple vessel disease and an impaired renal function.

Our results support the strong adherence to the DTBT in pa-

tients with STEMI.

This study was approved by the institutional review board

and the requirement for written informed consent was

waived because of the retrospective study design. This study

was conducted in accordance with the principles of the Dec-

laration of Helsinki.
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Figure　2.　Kaplan-Meier curves for all-cause mortality in the 
short DTBT, intermediate DTBT and long DTBT groups. All-
cause mortality survival in the three groups is shown. The dif-
ference was statistically significant the groups (p<0.001). 
DTBT: door-to-balloon time

Table　3.　Multivariate Cox Regression Analysis to Pre-
dict the All-cause Death.

Model 1.

HR 95% CI p value

Intermediate DTBT - - 0.34

Short DTBT (vs. intermediate) 1.00 0.39-2.55 0.99

Long DTBT (vs. intermediate) 2.80 1.26-6.17 0.011

Killip 4 (vs. others) 4.74 2.32-9.68 <0.001

eGFR (every 10) 0.78 0.69-0.88 <0.001

TVD (vs. SVD/DVD) 2.37 1.12-4.79 0.02

All variables were simultaneously adjusted in one step.

DTBT: door-to-balloon time, eGFR: estimated glomerular filtration, 

TVT: triple vessels disease, SVD: single vessel disease, DVD: double 

vessels disease

Model 2.

HR 95% CI p value

Intermediate DTBT - - 0.01

Short DTBT (vs. intermediate) 0.66 0.26-1.67 0.38

Long DTBT (vs. intermediate) 2.73 1.29-5.77 0.009

Age 1.05 1.02-1.08 0.002

Mechanical support 7.18 3.5-14.7 <0.001

LMT/LAD (vs. others) 0.79 0.40-1.57 0.50

All variables were simultaneously adjusted in one step.

LMT: left main trunk, LAD: left anterior descending

Vascular; Honoraria, Abbott Vascular, Boston Scientific, Med-

tronic Cardiovascular, Terumo, OrbusNeich, Japan Lifeline,

Kaneka and NIPRO. Hideo Fujita: Advisory role, Mehergen

Group Holdings.
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