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Abstract

Door to balloon (D2B) time was reported an important factor of the clinical outcome of patients with ST-segment elevation
myocardial infarction (STEMI) treated with primary percutaneous coronary intervention (PCI). D2B time is influenced by
various factors; however, modifiable factors have not been adequately evaluated. The purpose of this study was to identify
modifiable factors associated with prolonged D2B time. We historically included 239 consecutive STEMI patients who
visited emergency department and underwent primary PCI between April 2013 and September 2016. We evaluated baseline
characteristics, mode and timing of hospital arrival, symptoms and signs, treatment times and angiographic characteristics.
Patients with D2B time >90 min were compared with those with D2B time <90 min. Modifiable factors associated with
prolonged D2B time (>90 min) were analyzed by multivariable logistic regression model. The median D2B time for the
entire cohort was 69 min (interquartile range 54-89) and 24% had a D2B time of > 90 min. Modifiable factors associated
with prolonged treatment time (D2B time > 90 min) were electrocardiogram (ECG) to puncture time > 50 min [odds ratios
(OR) 96.0, 95% confidence intervals (95% CI) 25.1-652.5, P<0.0001), door to ECG time > 10 min (OR 49.8, 95% CI
11.8-357.5, P<0.0001), and puncture to balloon time > 30 min (OR 48.5, 95% CI 12.0-333.8, P <0.0001). ECG to puncture
time > 50 min was the most important modifiable factor associated with prolonged D2B time in STEMI patients.
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Introduction

Patients with ST-segment elevation myocardial infarction

(STEMI) require rapid triage and early reperfusion therapy.

Door to balloon (D2B) time was defined as the interval from
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or device deployment. D2B time is an extremely important
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we also experience many cases that cannot be achieved D2B

time <90 min. Although D2B time is influenced by various

factors such as patient characteristics, hospital characteris-

tics, health care practices and physician characteristics [6],

modifiable factors associated with prolonged D2B time have

not been adequately evaluated. The purpose of this study
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was to identify modifiable factors associated with prolonged
D2B time.

Materials and methods
Study population

We conducted historical cohort study at a single center to
identify factors associated with prolonged D2B time. We
retrieved consecutive STEMI patients who visited at Tokyo
Bay Medical Center (Urayasu, Japan) from April 2013 to
September 2016. Of these, the patients who visited emer-
gency department (ED), diagnosed as STEMI and under-
went emergency primary PCI were included. Diagnosis of
myocardial infarction (MI) was based on ESC/ACCF/AHA/
WHEF (European Society of Cardiology, American College
of Cardiology Foundation, American Heart Association,
and World Heart Federation) Third Universal Definition
[7]. STEMI patients had ischemic symptoms, persistent
ST-segment elevation on the electrocardiogram (ECG) and
elevated biochemical marker of myocardial necrosis. The
ECG of STEMI was defined as persistent ST-segment eleva-
tion 1 mm in 2 contiguous leads, a new or presumed new left
bundle branch block, an isolated posterior MI and lead aVR
ST elevation with infero-lateral ST depression. The follow-
ing patients were excluded: patients who developed STEMI
in hospital, patients who visited outpatient clinic, patients
who underwent coronary artery bypass graft surgery with-
out balloon inflation or device deployment and patients with
aortic dissection or vasospasm. The diagnosis of STEMI
was made by the emergency physician in Tokyo Bay Medi-
cal Center. The indication of primary PCI was as follows:
(1) STEMI patients within 12 h of symptom onset; and (2)
STEMI patients with symptoms lasting> 12 h in the pres-
ence of ongoing or recurrent symptoms including signs of
heart failure, hemodynamic instability, or life-threatening
arrhythmias. The cardiac catheterization laboratory was
activated by the emergency physician or the interventional
cardiologist using an emergency paging system. All patients
were treated based on the current guidelines [3, 4]; primary
PCI was performed using standard techniques by 3-expe-
rienced interventional cardiologists. The treatment strate-
gies for each patient were left to the discretion of interven-
tional cardiologists. Informed consent was obtained from all
patients prior to PCI. This study complied with the Declara-
tion of Helsinki and was approved by the review committee
of Tokyo Bay Medical Center, Japan.

Data collection

We obtained data including baseline characteristics,
mode and timing of hospital arrival, symptoms and signs,
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procedure and angiographic characteristics, treatment
times and in-hospital death from case databases and medi-
cal records. Baseline characteristics of the study population
included age, gender and medical history. Mode and timing
of hospital arrival included direct arrival by walk-in, STEMI
diagnosis on arrival, weekday or weekend and off-hour pres-
entation. Direct arrival by walk-in was defined as arriving
hospital by self or private transportation, public transporta-
tion or walking to the hospital. STEMI diagnosis on arrival
was defined as the patient who was diagnosed with STEMI
and was transported by emergency medical service from
the family physician or non-PCI-capable hospitals. Week-
end was defined as Saturday, Sunday, or a slightly longer
period, as a holiday/vacation. Off-hour presentation was
defined as arriving hospital from 5 p.m. to 8 a.m. Symp-
toms and signs included patients’ symptom, systolic blood
pressure, heart rate, congestive heart failure (Killip classi-
fication > 2), cardiopulmonary arrest on arrival (CPAOA)
and cardiogenic shock without CPAOA. Typical chest pain
was defined as any symptom of chest pain or pressure due
to myocardial ischemia. We did not consider the specific
symptoms of shortness of breath, chest discomfort, nausea,
vomiting, syncope, or none of those symptoms as typical
chest pain. Cardiogenic shock was defined as a systolic
blood pressure of less than 90 mmHg on arrival. Procedural
and angiographic characteristics included intubation before
procedure, mechanical support before procedure (temporary
pacing, intra-aortic balloon pumping, percutaneous cardio-
pulmonary support device), access site, infarct-related artery
location and pre-procedure TIMI flow grade 0. Treatment
times included door to ECG, ECG to puncture time, and
puncture to balloon time. Door to ECG time was defined
as the interval from arrival at the hospital to obtaining an
ECG. ECG to puncture time was defined as the interval form
obtaining an ECG to start of PCI procedure. Puncture to
balloon time was defined as the interval from start of PCI
procedure to first balloon inflation or device deployment.

Statistical analysis

Continuous variables are expressed as mean and standard
deviation (SD) or median values with interquartile range
(IQR) based on their distributions. Categorical variables
are expressed as number and percentages. Baseline char-
acteristics, mode and timing of hospital arrival, symptoms
and signs, procedure and angiographic characteristics, treat-
ment times and in-hospital death were compared between
D2B time > or <90 min using Student’s ¢ test or Wilcoxon
rank-sum test for continuous variables based on the dis-
tributions, and Chi square test or Fisher’s extract test for
categorical variables when appropriate. When compar-
ing continuous variables between more than 2 groups, we
used Kruskal-Wallis test. To identify factors associated
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with prolonged D2B time (> 90 min), multivariate logistic
regression model was constructed adjusting for the following
clinically modifiable factors: door to ECG time > 10 min,
ECG to puncture time > 50 min, and puncture to balloon
time > 30 min. The results of the multivariate logistic regres-
sion model were expressed as odds ratios (OR) for the com-
parison of risk with 95% confidence intervals (CI). Two-
tailed P <0.05 was considered to be statistically significant.
All statistical analyses were performed with JMP 13 (SAS
Institute, Cary, NC, USA).

Results

We enrolled 291 consecutive STEMI patients and 52 of
these patients met exclusion criteria and 239 patients were
included in this study (Fig. 1). The median D2B time for
the entire cohort was 69 min (54-89) and 24% of patients
had a D2B > 90 min (Fig. 2). Baseline characteristics, mode
and timing of hospital arrival, symptoms and signs, proce-
dure and angiographic characteristics and treatment times
are shown in Tables 1 and 2. Overall, the mean age was
66 (14) years and 20.1% were female. Patients with D2B
time > 90 min were more likely to have renal insufficiency
without hemodialysis, previous cerebrovascular disease,
absence of typical chest pain, to present with evidence
of heart failure than patients with D2B time <90 min.
Direct arrival by walk-in, intubation before procedure and
mechanical support before procedure were significantly
higher in patients with D2B time > 90 min than <90 min.
There was no significant difference for the timing of hospi-
tal arrival (weekend and off-hour) between D2B time > 90
and <90 min. Median door to ECG time, ECG to puncture

291 consecutive STEMI patients
From Apr. 2013 ~ Sep.2016

(45 excluded N\
22 developed in hospital
12 visited outpatients clinic
" 2 Aortic dissection
[ 4 Vasospasm
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239 patients enrolled

Fig. 1 Study flow diagram. STEMI ST elevation myocardial infarc-
tion, CAG coronary angiography, PCI percutaneous coronary inter-
vention, CABG coronary artery bypass grafting, POBA plain old bal-
loon angioplasty
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Fig. 2 Distribution of door to balloon time in this study. /QR inter-
quartile range

time, and puncture to balloon time were significantly longer
in patients with D2B time > 90 min. Clinical outcomes
including in-hospital death were significantly higher in
patients with D2B time > 90 min compared with patients
with D2B time <90 min (14.0 vs. 4.4%, P=0.01). Door
to ECG time > 10 min was more likely in patients with
direct arrival by walk-in and absence of typical chest pain
(Table 3). ECG to puncture time > 50 min was more likely
in patients with direct arrival by walk-in, absence of typi-
cal chest pain, off-hour presentation and congestive heart
failure (Table 4). Puncture to balloon time > 30 min was
more likely in serious cases with congestive heart failure
and those requiring intubation and/or mechanical device
support (Table 5). Modifiable factors associated with pro-
longed D2B time are listed in Table 6. The clinically modifi-
able factors for prolonged D2B time including door to ECG
time > 10 min, ECG to puncture time > 50 min, and puncture
to ECG time > 30 min were identified. In the multivariate
logistic model, modifiable factors associated with prolonged
treatment time (D2B time > 90 min) were ECG to puncture
time > 50 min (OR 96.0, 95% CI 25.1-652.5, P<0.0001),
door to ECG time > 10 min (OR 49.8, 95% CI 11.8-357.5,
P <0.0001), and puncture to balloon time > 30 min (OR
48.5,95% CI 12.0-333.8, P <0.0001).

Discussion

In this study, we showed that ECG to puncture time accounts
for a substantial proportion of the delay in primary PCI for
STEMI patients. In addition, ECG to puncture time > 50 min
was the most important modifiable factor associated with
prolonged D2B time in STEMI patients. ECG to puncture
time is divided into appropriate interpretation of ECG and
activation of cardiac catheterization laboratory. Appropriate
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Table 1 Baseline characteristics, mode and timing of hospital arrival, symptoms and signs, procedural and angiographic characteristics of
patients with D2B time <and > 90 min

Entire cohort D2B time (min) P value
N=239 <90 (N=182) >90 (N=57)
Baseline characteristics
Age (years) 66 (14) 66 (12) 67 (15) 0.40
>75 64 (26.8) 45 (24.7) 19 (33.3) 0.20
Female 48 (20.1) 36 (19.8) 12 (21.1) 0.83
BMI (kg/m?) 24.9 (4.7) 24.9 (4.5) 24.5(5.2) 0.31
>25.0 104 (43.5) 82 (45.1) 22 (38.6) 0.37
Hypertension 155 (64.9) 115 (63.2) 40 (70.2) 0.33
Dyslipidemia 148 (61.9) 119 (65.4) 29 (50.9) 0.049
Diabetes 89 (37.2) 66 (36.3) 23 (40.4) 0.58
eGFR < 30 (ml/min/1.73 m?) without hemodialysis 27 (11.3) 16 (8.8) 11 (19.3) 0.03
Hemodialysis 8(3.4) 6(3.3) 2(3.5) 1.00
Current smoker 116 (48.5) 91 (50.0) 25(43.9) 0.42
Previous MI 19 (8.0) 16 (8.8) 3(5.3) 0.58
Previous PCI 19 (8.0) 16 (8.8) 3(5.3) 0.58
Previous CABG 1(0.4) 0(0) 1(1.8) 0.24
Previous CVD 24 (10.0) 13 (7.1) 11 (19.3) 0.008
Peripheral artery disease 3(1.3) 3(1.7) 0(0) 1.00
Atrial fibrillation 12 (5.0) 10 (5.5) 2(3.5) 0.74
Chronic obstructive pulmonary disease 10 4.2) 9(5.0) 1(1.8) 0.46
Mode and timing of hospital arrival
Direct arrival by walk-in 52 (21.8) 25 (13.7) 27 (47.4) <0.0001
STEMI diagnosis on arrival 89 (37.2) 84 (46.2) 5(8.8) <0.0001
Weekend 94 (39.3) 70 (38.5) 24 (42.1) 0.62
Off-hour 135 (56.5) 101 (55.5) 34 (59.7) 0.58
Symptoms and signs
Systolic blood pressure (mmHg) 141 (34) 140 (34) 143 (35) 0.65
Heart rate (beats/min) 81 (22) 80 (22) 84 (20) 0.14
Absence of typical chest pain 56 (23.4) 30 (16.5) 26 (45.6) <0.0001
Congestive heart failure (Killip classification > 2) 59 (24.7) 35(19.2) 24 (42.1) 0.0005
Cardiogenic shock without CPAOA 12 (5.0) 10 (5.5) 2(3.5) 0.74
CPAOA 7(2.9) 3.7 4(7.0) 0.06
Procedural and angiographic characteristics
Infarct-related artery location 0.06
LAD 128 (53.6) 97 (53.3) 31 (54.4)
LCX 23 (9.6) 15(8.2) 8 (14.0)
RCA 78 (32.6) 65 (35.7) 13 (22.8)
LMT 10 (4.2) 5(2.8) 5(8.8)
Pre-procedure TIMI flow grade O 135 (56.5) 108 (59.3) 27 (47.4) 0.11
Radial access 186 (77.8) 145 (79.7) 41 (71.9) 0.22
Intubation before procedure 22(9.2) 12 (6.6) 10 (17.5) 0.01
Mechanical support before procedure 43 (18.0) 27 (14.8) 16 (28.1) 0.02

Data are presented as frequency (%) for categorical variables and mean (standard deviation) for continuous variables

D2B door to balloon, BMI body mass index, eGFR estimated glomerular filtration rate, MI myocardial infarction, PCI percutaneous coronary
intervention, CABG coronary artery bypass grafting, CVD cerebrovascular disease, STEMI ST elevation myocardial infarction, CPAOA cardio-
pulmonary arrest on arrival, LAD left anterior descending artery, LCX left circumflex artery, RCA right coronary artery, LMT left main trunk,
TIMI thrombolysis in myocardial infarction
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Table? Trea.tment times Treatment times Entire cohort D2B time (min) P value
of patients with D2B
time < and > 90 min N=239 <90 (N=182) >90 (N=57)
Door to ECG time 4 (2-8) 3(2-6) 8 (5-26) <0.0001
> 10 min 44 (18.4) 16 (8.8) 28 (49.1) <0.0001
ECG to puncture time 37 (27-52) 33 (24-43) 65 (51-91) <0.0001
> 50 min 66 (27.2) 22 (12.1) 44 (77.2) <0.0001
Puncture to balloon time 24 (19-30) 23 (18-28) 32 (23-42) <0.0001
> 30 min 52 (21.8) 21 (11.5) 31(54.4) <0.0001
Door to balloon time 69 (54-89) 61 (52-74) 112 (99-160) <0.0001

Data are presented as frequency (%) for categorical variables and median (interquartile range) for continu-

ous variables

D2B door to balloon, ECG electrocardiogram

interpretation of ECG leads to the activation of cardiac cath-
eterization laboratory immediately. However, in clinical
practice, we experience several cases that cannot be judged
promptly. In this study, ECG to puncture time was prolonged
in cases of direct arrival by walk-in, absence of typical chest
pain, and congestive heart failure. The reason for this is not
entirely clear; it might be because that ECG alone could not
be judged. Therefore, laboratory, radiographic, and echocar-
diographic results might have been needed to activate cath-
eterization team. Furthermore, activation process of cardiac
catheterization laboratory was also important. In the present
analysis, ECG to puncture time was prolonged during off-
time presentation. This may be improved by specific hospital
strategy such as expecting staff to arrive in the catheteriza-
tion laboratory within 20 min after being paged and having
an attending cardiologist always on site [8].

Door to ECG time was also important modifiable fac-
tor. Current ESC guideline emphasizes that a 12-lead ECG
must be obtained as soon as possible with a target delay
of <10 min [4]. However, recent study reported that the pro-
portion of STEMI patients with door to ECG time > 10 min
was high [9]. In this study, door to ECG time > 10 min was
more likely in patients with direct arrival by walk-in and
absence of typical chest pain. In the National Cardiovascular
Data Registry (NCDR) Acute Coronary Treatment and Inter-
vention Outcomes Network Registry—Get With the Guide-
lines (ACTION Registry—-GWTG), about 40% of STEMI
patients arrived hospital by walk-in [10]. Direct arrival by
walk-in patients with STEMI compared with emergency
medical service (EMS) transported patients do not receive a
pre-hospital electrocardiogram and sufficient triage process,
resulting in delayed ECG acquisition. In fact, in ACTION
Registry-GWTG, the STEMI patients with direct arrival
by walk-in had significantly delayed in door to ECG time
compared with EMS transported patient (median door to
ECG time, 8 vs. 5 min; P <0.0001) [10]. In addition, about
20-30% of the STEMI patients do not have typical chest
pain [11, 12]. The patients with the absence of typical chest

pain experience significant delays in door to ECG time and
treatment compared with patients who present with typi-
cal chest pain [13]. Immediate ECG at triage in the ED is
the first STEMI care target to achieve timely intervention
because obtaining an ECG as soon as possible and appro-
priate interpretation lead to activation of the cardiac cath-
eterization laboratory promptly. However, current guidelines
do not include a standardized approach to determine which
STEMI patients with direct arrival by walk-in and absence
of typical chest pain should receive an immediate ECG at
triage in the ED. According to one retrospective study, a
simple ECG prioritization rule based on age and presenting
symptoms in the ED can identify patients during triage who
are at high risk for STEMI and, therefore, should receive an
immediate ECG [14].

Puncture to balloon time depends on comorbid condi-
tions and PCI procedure. Additional time required to sta-
bilize respiratory status and/or hemodynamic instabilities
may all lead to prolonged puncture to balloon time. There-
fore, in this study, puncture to balloon time > 30 min was
more likely in serious cases with congestive heart failure
and those requiring intubation and/or mechanical device.
These conditions are not indications for intervention and it
is necessary to improve PCI procedure to reduce puncture to
balloon time. Several reports suggested that using a single
universal guiding catheter and direct primary PCI without
diagnostic angiography of non-culprit vessels significantly
reduced puncture to balloon time [15, 16].

Study limitations

There are several limitations in this study. First, our study is
a single-center, historical cohort study. Therefore, patients
included in this study might be biased from selection bias,
if any. Some important confounding factors also might not
be recorded and not adjusted for the multivariable models as
a result. Secondly, variability in diagnosis and treatment of
STEMI between doctors might exist. Finally, our study was
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Table 3 Baseline characteristics, mode and timing of hospital arrival, symptoms and signs, procedural and angiographic characteristics of
patients with door to ECG time <and > 10 min

Entire cohort Door to ECG time (min) P value
N=239 <10 (N=195) >10 (N=44)
Baseline characteristics
Age (years) 66 (14) 66 (14) 66 (14) 0.76
>75 years 64 (26.8) 52 (26.7) 12 (27.3) 0.93
Female 48 (20.1) 41 (21.0) 7 (15.9) 0.44
BMI (kg/m?) 249 (4.7) 25.1 (4.6) 23.7 (5.0) 0.06
>25.0 104 (44.4) 92 (48.4) 12 (27.3) 0.01
Hypertension 155 (64.9) 125 (64.1) 30 (68.2) 0.61
Dyslipidemia 148 (61.9) 118 (60.5) 30 (68.2) 0.34
Diabetes 89 (37.2) 70 (35.9) 19 (43.2) 0.37
eGFR < 30 (ml/min/1.73 m?) without hemodialysis 27 (11.3) 24 (12.3) 3(6.8) 0.43
Hemodialysis 8(3.4) 8(4.1) 0(0) 0.36
Current smoker 116 (48.5) 98 (50.3) 18 (40.9) 0.26
Previous MI 19 (8.0) 17 (8.7) 2(4.6) 0.54
Previous PCI 19 (8.2) 17 (8.9) 2(4.9) 0.54
Previous CABG 1(0.4) 1(0.5) 0(0) 1.00
Previous CVD 24 (10.0) 20 (10.3) 49.1) 1.00
Peripheral artery disease 3(1.3) 3(1.5) 0(0) 1.00
Atrial fibrillation 12 (5.0) 11 (5.6) 1(2.3) 0.70
Chronic obstructive pulmonary disease 10 4.2) 7 (3.6) 3(6.8) 0.40
Mode and timing of hospital arrival
Direct arrival by walk-in 52 (21.8) 18 (9.2) 34 (77.3) <0.0001
STEMI diagnosis on arrival 89 (37.2) 85 (43.6) 49.1) <0.0001
Weekend 94 (39.3) 74 (38.0) 20 (45.5) 0.36
Off-hour 135 (56.5) 115 (59.0) 20 (45.6) 0.10
Symptoms and signs
Systolic blood pressure (mmHg) 141 (34) 141 (35) 142 (28) 0.87
Heart rate (beats/min) 81 (22) 80 (22) 88 (18) 0.03
Absence of typical chest pain 56 (23.4) 35 (18.0) 21 (47.7) <0.0001
Congestive heart failure (Killip classification > 2) 59 (24.7) 48 (24.6) 11 (25.0) 0.96
Cardiogenic shock without CPAOA 12 (5.0) 12 (6.2) 0(0) 0.13
CPAOA 7(2.9) 4(2.1) 3(6.8) 0.12
Procedural and angiographic characteristics
Infarct-related artery location <0.001
LAD 128 (53.6) 105 (53.9) 23 (52.3)
LCX 23 (9.6) 12 (6.2) 11 (25.0)
RCA 78 (32.6) 70 (35.9) 8 (18.2)
LMT 10 (4.2) 8 (4.1) 2 (4.6)
Pre-procedure TIMI flow grade O 135 (56.5) 114 (58.5) 21 (47.7) 0.19
Radial access 186 (77.8) 152 (78.0) 34 (717.3) 0.92
Intubation before procedure 22(9.2) 17 (8.7) 5(11.4) 0.57
Mechanical support before procedure 43 (18.0) 37 (19.0) 6 (13.6) 041

Data are presented as frequency (%) for categorical variables and mean (standard deviation) for continuous variables

BMI body mass index, eGFR estimated glomerular filtration rate, MI myocardial infarction, PCI percutaneous coronary intervention, CABG
coronary artery bypass grafting, CVD cerebrovascular disease, STEMI ST elevation myocardial infarction, CPAOA cardiopulmonary arrest on
arrival, LAD left anterior descending artery, LCX left circumflex artery, RCA right coronary artery, LMT left main trunk, 7/MI thrombolysis in
myocardial infarction
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Table 4 Baseline characteristics, mode and timing of hospital arrival, symptoms and signs, procedural and angiographic characteristics of
patients with ECG to puncture time <and > 50 min

Entire cohort ECG to puncture time (min) P value
N=239 <50 (N=173) >50 (N=66)
Baseline characteristics
Age (years) 66 (14) 66 (13) 66 (13) 1.00
>75 64 (26.8) 44 (25.4) 20 (30.3) 0.45
Female 48 (20.1) 29 (16.8) 19 (28.8) 0.04
BMI (kg/m?) 24.9 (4.7) 24.7 (4.6) 25.2(5.0) 0.47
>25.0 104 (44.4) 77 (44.5) 27 (40.9) 0.77
Hypertension 155 (64.9) 110 (63.6) 45 (68.2) 0.51
Dyslipidemia 148 (61.9) 110 (63.6) 38 (57.6) 0.39
Diabetes 89 (37.2) 65 (37.6) 24 (36.6) 0.86
eGFR < 30 (ml/min/1.73 m?) without hemodialysis 27 (11.3) 17 (9.8) 10 (15.2) 0.25
Hemodialysis 8(3.4) 74.1) 1(1.5) 0.45
Current smoker 116 (48.5) 87 (50.3) 29 (43.9) 0.38
Previous MI 19 (8.0) 17 (9.8) 2 (3.0) 0.08
Previous PCI 19 (8.0) 17 (9.8) 2 (3.0) 0.08
Previous CABG 1(0.4) 1 (0.6) 0(0) 1.00
Previous CVD 24 (10.0) 17 (9.8) 7 (10.6) 0.86
Peripheral artery disease 3(1.3) 2(1.2) 1(1.5) 1.00
Atrial fibrillation 12 (5.0) 9(5.2) 3 (4.6) 1.00
Chronic obstructive pulmonary disease 10 4.2) 9(5.2) 1(1.5) 0.29
Mode and timing of hospital arrival
Direct arrival by walk-in 52 (21.8) 31(17.9) 21 (31.8) 0.02
STEMI diagnosis on arrival 89 (37.2) 79 (45.7) 10 (15.2) <0.0001
Weekend 94 (39.3) 69 (39.9) 25(37.9) 0.78
Off-hour 135 (56.5) 91 (52.6) 44 (66.7) 0.0499
Symptoms and signs
Systolic blood pressure (mmHg) 141 (34) 140 (34) 142 (35) 0.75
Heart rate (beats/min) 81 (22) 81 (21) 83 (23) 0.48
Absence of typical chest pain 56 (23.4) 29 (16.8) 27 (40.9) <0.0001
Congestive heart failure (Killip classification > 2) 59 (24.7) 35(20.2) 24 (36.4) 0.01
Cardiogenic shock without CPAOA 12 (5.0) 9(5.2) 3(4.6) 0.09
CPAOA 7(2.9) 3.7 4(6.1) 1.00
Procedural and angiographic characteristics
Infarct-related artery location 0.002
LAD 128 (53.6) 88 (50.9) 40 (60.6)
LCX 23 (9.6) 17 (9.8) 6(9.1)
RCA 78 (32.6) 65 (37.6) 13 (19.7)
LMT 10 (4.2) 3(1.7) 7 (10.6)
Pre-procedure TIMI flow grade O 135 (56.5) 103 (59.5) 32 (48.5) 0.12
Radial access 186 (77.8) 135 (78.0) 51(77.3) 0.90
Intubation before procedure 22(9.2) 14 (8.1) 8 (12.1) 0.34
Mechanical support before procedure 43 (18.0) 29 (16.8) 14 (21.2) 0.42

Data are presented as frequency (%) for categorical variables and mean (standard deviation) for continuous variables

BMI body mass index, eGFR estimated glomerular filtration rate, MI myocardial infarction, PCI percutaneous coronary intervention, CABG
coronary artery bypass grafting, CVD cerebrovascular disease, STEMI ST elevation myocardial infarction, CPAOA cardiopulmonary arrest on
arrival, LAD left anterior descending artery, LCX left circumflex artery, RCA right coronary artery, LMT left main trunk, 7/MI thrombolysis in
myocardial infarction
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Table 5 Baseline characteristics, mode and timing of hospital arrival, symptoms and signs, procedural and angiographic characteristics of
patients with Puncture to balloon time <and > 30 min

Entire cohort ECG to puncture time (min) P value
N=239 <30 (N=187) >30 (N=52)
Baseline characteristics
Age (years) 66 (14) 66 (13) 67 (15) 0.41
>75 64 (26.8) 50 (26.7) 14 (26.9) 0.98
Female 48 (20.1) 36 (19.3) 12 (23.1) 0.54
BMI (kg/m?) 24.9 (4.7) 25.1 (4.5) 239(5.1) 0.11
>25.0 104 (44.4) 87 (46.5) 17 (32.7) 0.09
Hypertension 155 (64.9) 120 (64.2) 35 (67.3) 0.68
Dyslipidemia 148 (61.9) 126 (67.4) 22 (42.3) 0.001
Diabetes 89 (37.2) 73 (39.0) 16 (30.8) 0.28
eGFR <30 (ml/min/1.73 m?) without hemodialysis 27 (11.3) 18 (9.6) 9(17.3) 0.12
Hemodialysis 8(3.4) 4(2.1) 4(7.7) 0.07
Current smoker 116 (48.5) 91 (48.7) 25 (48.1) 0.94
Previous MI 19 (8.0) 16 (8.6) 3(5.8) 0.77
Previous PCI 19 (8.0) 16 (8.6) 3(5.8) 0.77
Previous CABG 1(0.4) 0(0) 1(1.9) 0.22
Previous CVD 24 (10.0) 13 (7.0) 11 (21.2) 0.003
Peripheral artery disease 3(1.3) 3(1.6) 0(0.0) 1.00
Atrial fibrillation 12 (5.0) 9(4.8) 3(5.8) 0.73
Chronic obstructive pulmonary disease 10 (4.2) 8 (4.3) 2(3.8) 1.00
Mode and timing of hospital arrival
Direct arrival by walk-in 52 (21.8) 39 (20.9) 13 (25.0) 0.52
STEMI diagnosis on arrival 89 (37.2) 71 (38.0) 18 (34.6) 0.66
Weekend 94 (39.3) 74 (39.6) 20 (38.5) 0.88
Off-hour 135 (56.5) 104 (55.6) 31 (59.6) 0.61
Symptoms and signs
Systolic blood pressure (mmHg) 141 (34) 143 (34) 134 (36) 0.11
Heart rate (beats/min) 81 (22) 82 (22) 79 (22) 0.34
Absence of typical chest pain 56 (23.4) 35 (18.7) 21 (40.4) 0.001
Congestive heart failure (Killip classification > 2) 59 (24.7) 37 (19.8) 22 (42.3) <0.001
Cardiogenic shock without CPAOA 12 (5.0) 8(4.3) 4(7.7) 0.30
CPAOA 7(2.9) 4(2.1) 3(5.8) 0.18
Procedural and angiographic characteristics
Infarct-related artery location 0.06
LAD 128 (53.6) 106 (56.7) 22 (42.3)
LCX 23 (9.6) 16 (8.6) 7 (13.5)
RCA 78 (32.6) 60 (32.1) 18 (34.6)
LMT 10 (4.2) 52.7) 5(9.6)
Pre-procedure TIMI flow grade 0 135 (56.5) 104 (55.6) 31 (59.6) 0.61
Radial access 186 (77.8) 153 (81.8) 33 (63.5) 0.005
Intubation before procedure 22 (9.2) 12 (6.4) 10 (19.3) 0.01
Mechanical support before procedure 43 (18.0) 21 (11.2) 22 (42.3) <0.0001

Data are presented as frequency (%) for categorical variables and mean (standard deviation) for continuous variables

BMI body mass index, eGFR estimated glomerular filtration rate, MI myocardial infarction, PCI percutaneous coronary intervention, CABG
coronary artery bypass grafting, CVD cerebrovascular disease, STEMI ST elevation myocardial infarction, CPAOA cardiopulmonary arrest on
arrival, LAD left anterior descending artery, LCX left circumflex artery, RCA right coronary artery, LMT left main trunk, 7/MI thrombolysis in
myocardial infarction
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Table.6 Modiﬁable factors Unadjusted Adjusted

associated with prolonged

D2B time in patients with OR 95% C1 P value OR 95% CI P value

ST-segment elevation

myocardial infarction Door to ECG time > 10 min 10.0  490-21.2 <0.0001 49.8 11.8-357.5  <0.0001
ECG to puncture time > 50 min 24.6 11.8-54.6  <0.0001 96.0 25.1-652.5  <0.0001
Puncture to balloon time > 30 min 9.14 4.63-18.6 <0.0001 48.5 12.0-338.8 <0.0001

D2B door to balloon, OR odds ratio, CI confidence interval

a historical cohort study; we could not discuss what method
may shorten D2B time in STEMI patients.

Conclusions

In this study, ECG to puncture time > 50 min was the most
important modifiable factor associated with prolonged door-
to-balloon time in STEMI patients. Further studies will be
necessary whether modification of ECG to puncture time
might be a good target for shortening of D2B time in STEMI
patients.
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