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Background: Timely reperfusion therapy is recommended for patients with ST-segment elevation 
myocardial infarction (STEMI), and system delay <90 minutes and door-to-device (D2D) time <60 minutes 
are recommended by the 2017 ESC Guidelines for the management of STEMI patients and have been 
proposed as a performance measure for triaging patients for primary percutaneous coronary intervention 
(PCI). However, previous research produced contradictory results regarding the association between D2D 
time and mortality. Therefore, this study aimed to examine the associations between D2D time and mortality 
in Thailand.
Methods: This cohort study included STEMI patients treated with primary PCI in 39 PCI centres in 
Thailand from February 27, 2018, to August 1, 2019. Patients were eligible if they met the following criteria: 
primary STEMI diagnosis, symptom onset within 12 hours, and ST-segment elevation of at least 0.1 mV in 
2 or more contiguous leads (at least 0.2 mV in V1–V3) or a new left bundle branch block. 
Results: Within 12 hours of symptom onset, 3,874 patients underwent primary PCI. The median D2D 
time was 54 minutes [interquartile range (IQR) 29–90], and there was a significant difference between 
patients transferred from other hospitals (44 minutes, IQR 25–77, n=2,871) and patients presented directly 
to PCI centres (81 minutes, IQR 56–129, n=1,003) (P<0.001). Overall, in-hospital mortality was 7.8%. In 
a multivariable analysis, adjusting for other predictors of mortality and stratifying according to intervals of 
D2D time, cumulative in-hospital mortality was significantly higher in patients with a D2D time greater 
than 90 minutes [hazard ratio (HR) 1.5, 95% confidence interval (CI): 1.0–2.1, P=0.046] but not associated 
with D2D time shorter than 60 minutes (HR 1.2, 95% CI: 0.8–1.8, P=0.319).
Conclusions: A D2D time greater than 90 minutes was related to in-hospital mortality in patients with 
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Introduction

Background

Since the initial success of Andreas Gruentzig in 1977 (1), 
percutaneous coronary intervention (PCI) has been used 
for more than four decades, with better outcomes and fewer 
periprocedural adverse events (2). Delay in reperfusion 
therapy is the central issue in the management of ST-
segment elevation myocardial infarction (STEMI), as the 
most significant benefit occurs within the first few hours of 
symptom onset. Therefore, the formulation of the optimal 
revascularization strategy, taking into account the social and 
cultural context, is of utmost importance (3,4).

Rationale and knowledge gap

Door-to-Device (D2D) time, the time between the arrival 
of a STEMI patient at a hospital and the initiation of PCI 
(Figure 1) is a crucial indicator in the STEMI treatment 
system (5). Some reports indicated that a delay in the D2D 
time was the most significant predictor of clinical outcome 
(6-11), while in other studies D2D time did not affect the 
mortality rate (12-17). Meta-analysis revealed that longer 
D2D time was associated with higher mortality (18). 
However, approximately half of the studies included in 
this meta-analysis did not find D2D time to be associated 
with increased mortality, and there was heterogeneity 
among the included studies (I2=45%). Therefore, additional 
information, particularly data from extensive cohort 
studies, is essential to represent real-world outcomes of 
contemporary practice in low- to middle-income countries 
such as Thailand.

Objective

Using the Thai PCI Registry, our objective was to 
determine the relationship between D2D time, system delay, 
treatment delay, patient delay, and in-hospital mortality in a 
real-world setting (19). We present this article in accordance 
with the STROBE reporting checklist (available at https://
cdt.amegroups.com/article/view/10.21037/cdt-22-611/rc).

Methods

The Cardiac Intervention Association of Thailand (CIAT) 
developed the Thai PCI Registry (19), a prospective cohort, 
multicenter research. All Thai catheterization laboratories 
were asked to join in this national register. A well-designed 
case record form (CRF) was used to capture PCI-related 
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patient information, procedure data, equipment, and 
results. The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The informed 
consent was taken from all the patients. The Central 
Research Ethics Committee (CREC) of Thailand approved 
the study (CREC No. CREC017/60BRm, certificate No. 
COA-CREC 002/2018). The project began on February 
27, 2018 and ended on August 1, 2019. This study’s data was 
gathered in January 2021, and there were no missing data.

Patient population

Patients were eligible if they met the following criteria: 
primary STEMI diagnosis, symptom onset within 12 hours, 
and ST-segment elevation of at least 0.1 mV in 2 or more 
contiguous leads (at least 0.2 mV in V1–V3) or a new left 
bundle branch block. In addition, patients were excluded if 
they had non-STEMI, stable coronary artery disease, and 
primary PCI was not performed within 48 hours.

Study factors

Four variables were of interest: D2D time, system delay, 
treatment delay, and patient delay. System delay was 

calculated by the time between first medical contact (FMC) 
and primary PCI (time of first device); treatment delay was 
defined as the time between symptom onset to reperfusion 
time; and ‘patient delay’ was calculated as the time between 
symptom onset and FMC (Figure 1).

Outcome measures

The primary outcome of the trial was in-hospital mortality. 
The patients were classified into two categories, patients 
who presented directly to PCI centres and those who were 
transferred from other hospitals. The classification is according 
to the patient’s own choice, according to the patient’s place 
of residence. At the start of the trial, characteristics and death 
rates were recorded throughout various periods.

Data management and quality control

The definitions of all variables used in this study were 
standardized and published in a handbook of definitions. 
The electronic databases were created with CRFs in mind. 
Catheterization lab personnel were instructed to enter data 
previously captured in CRFs onto computerized databases. 
To ensure data quality, data quality control programs were 
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Figure 1 Delay from symptom onset to PCI in patients with ST-segment elevation myocardial infarction. PCI, percutaneous coronary 
intervention; FMC, first medical contact.
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created that included range values, must enter variables, 
skip, and cross-link between variables (19).

Statistical analysis

Numbers and means (standard deviation) or medians 
[interquartile range (IQR)] were used to depict dichotomous 
and continuous data, respectively. By subtracting the death 
date from the date of the PCI procedure, the time to 
death was estimated. Patients who were alive at the time of 
hospital release were censored from the research. The log-
rank statistics were used to compare the odds of mortality 
by D2D time groups using a Kaplan-Meier curve.

We evaluated whether catheterization delays (i.e., D2D 
time, system delay, treatment delay, and patient delay) and 
other factors were linked with mortality using a simple Cox 
regression model. Variables having a P value of 0.1 were 
included simultaneously in a multivariate Cox regression 
model in this phase. Only variables with a likelihood ratio 
(LR) test P value of 0.05 were kept in the final model. The 
level of testing for the P is 0.05 and it was a two-sided test. 
The hazard ratio (HR) and 95% confidence interval (CI) 
were calculated. The proportional hazard assumption was 
tested using the Chi-square test and -log[-log(survival)] 
curves per group based on the Schoenfeld residuals. 
Stata Statistical Software Release 17 [2021] was used for 
all statistical analyses (StataCorp LLC, College Station,  
TX, USA).

Results

Of the 22,741 patients in the Thai PCI Registry (Figure 2), 
6,373 patients presented with STEMI and 3,874 received 
primary PCI. Depending on the location of presentation, 
the baseline patient characteristics were stratified into two 
groups: transferred from other hospitals (n=2,871) and 
directed to PCI centres (n=1,003) (Table 1). Significantly 
more patients in the PCI centre group had a family history 
of premature coronary artery disease, hypertension, 
dyslipidemia, cerebrovascular disease, prior PCI, prior 
coronary artery bypass grafting (CABG), and cardiogenic 
shock prior to PCI than in the transferred group (Table 1).

System delay was significantly shorter in the group that 
presented directly to PCI centres than in the group that 
was transferred from other hospitals, with median times 
[interquartile ranges (IQRs)] of 94 (67 to 168) and 192 (132 
to 301), respectively. In contrast, D2D time was significantly 
longer in the former than in the latter, with medians (IQRs) 
of 81 (56 to 129) and 44 (25 to 77), respectively (Table 1).

The most prevalent hospital-specified causes for delay 
from FMC to device (system delay) in the directed to PCI 
center group (n=1,003) were delayed diagnosis (42.8%), 
delay of in-hospital transfer (20.6%), and cardiac arrest and/
or necessity for intubation (10.8%) (Table 2).

A simple Cox regression was used to examine the delay 
time, demographics, and clinical characteristics linked with 
in-hospital death (Table 3). D2D time and system delay 
were shown to be strongly linked with in-hospital mortality. 

22,741 patients included 

into Thai PCI registry

6,373 Has first index STEMI

during study period

3,874 included in analysis

16,368 excluded (not diagnosed STEMI)

•	6,806 non-STEMI

•	9,562 stable CAD

2,499 excluded (pPCI not performed)

•	766 rescue PCI

•	1,106 pharmacoinvasive

•	627 PCI after 48 hours of onset

Figure 2 Flow of patients inclusion into the study. PCI, percutaneous coronary intervention; pPCI, primary PCI; STEMI, ST-segment 
elevation myocardial infarction; CAD, coronary artery disease.
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Table 1 Characteristics of patients with ST-segment elevation myocardial infarction and treated with primary percutaneous coronary intervention 
by mode of presentation 

Variables All patients (N=3,874) Group A (N=2,871) Group B (N=1,003) P

Demographic and clinical characteristics

Age, year 62.7±13.0 63.0±13.0 61.9±13.0 0.03

Female 1,013 (26.1) 745 (25.9) 268 (26.7) 0.63

Body mass index, kg/m2 24.1±4.2 23.9±4.2 24.5±4.2 <0.001

Family history of premature CAD 212 (5.5) 140 (4.9) 72 (7.2) 0.01

Smoking status

Current smoker 1,738 (44.9) 1,345 (46.8) 393 (39.2) <0.001

Ex-smoker 723 (18.7) 526 (18.3) 197 (19.6)

Never 1,413 (36.5) 1,000 (34.8) 413 (41.2)

Cardiogenic shock prior to PCI 956 (24.7) 758 (26.4) 198 (19.7) <0.001

Comorbid conditions

Hypertension 1,988 (51.3) 1,431 (49.8) 557 (55.5) 0.002

Diabetes mellitus 1,765 (45.6) 1,288 (44.9) 477 (47.6) 0.14

Dyslipidemia 1,841 (47.5) 1,317 (45.9) 524 (52.2) <0.001

Prior myocardial infarction 306 (7.9) 218 (7.6) 88 (8.8) 0.23

Prior PCI 196 (5.1) 133 (4.6) 63 (6.3) 0.04

Prior CABG 11 (0.3) 5 (0.2) 6 (0.6) 0.03

Prior heart failure 239 (6.2) 175 (6.1) 64 (6.4) 0.75

Chronic kidney disease 1,184 (30.6) 880 (30.7) 304 (30.3) 0.84

Cerebrovascular disease 197 (5.1) 134 (4.7) 63 (6.3) 0.05

Peripheral arterial disease 33 (0.9) 23 (0.8) 10 (1.0) 0.56

Time of delays, mina

Door-to-device time 54.0 [29.0, 90.0] 44.0 [25.0, 77.0] 81.0 [56.0, 129.0] <0.001

System delay 170.0 [105.0, 275.0] 192.0 [132.0, 301.0] 94.0 [67.0, 168.0] <0.001

Patient delay 115 [45, 250] 110 [44, 240] 120 [54, 287] 0.014

Treatment delay 326 [209, 560] 345 [232, 591] 259 [155, 474] <0.001

Data were presented as mean ± standard deviation, n (%), and median [interquartile range]. a, system delay indicates time between FMC 
to primary PCI (time of first device); time from arrival at PCI centre to primary PCI; patient delay, time between symptom onset to FMC; 
treatment delay, time between symptom onset to primary PCI. Group A: transferred from another hospital; Group B: directed to a PCI 
centre. CAD, coronary artery disease; PCI, percutaneous coronary intervention; CABG, coronary artery bypass grafting; IQR, interquartile 
range; FMC, first medical contact. 

Furthermore, age, sex, body mass index, smoking status, 
cardiogenic shock prior to PCI, heart failure, chronic 
kidney disease (CKD), and peripheral artery disease (PAD) 
were all substantially linked with in-hospital mortality. In a 
multivariate Cox regression model with time delay factors, 
these variables were considered concurrently.

A multivariate Cox regression demonstrated that only 
D2D time and system delay were substantially linked 
with in-hospital mortality after controlling for covariates  
(Table 4). The mortality probability curve showed a 
tendency of difference between D2D time >90 minutes 
versus 60 minutes and 30 minutes (Figure 3). D2D times 
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of 31–60 minutes, 61–90 minutes, and >90 minutes were 
related with a 1.1 (95% CI: 0.7–1.5), 1.2 (95% CI: 0.8–1.8), 
and 1.5 (95% CI: 1.0–2.1) times greater risk of mortality 
than D2D times of 30 minutes, respectively. Patients with 
91–180 minutes system delays, 181–270 minutes system 
delays, and >270 minutes system delays were 1.5 (95% CI: 
1.0–2.3), 1.7 (95% CI: 1.1–2.6), and 1.4 (95% CI: 0.9–2.2) 
times more likely to die than patients with fewer than  
90 minutes system delays, respectively.

Discussion

Key findings

This study provides a current assessment of the relationships 
between time delay (i.e., D2D time and system delay) and 

Table 2 Hospital-specified reasons for delay from first medical 
contact to device in directed to PCI centre group

Reasonsa Patients, 
No. (%)

Delay diagnosis 230 (42.8)

Delay of in-hospital transfer 111 (20.6) 

Cardiac arrest and/or need for intubation before PCI 58 (10.8) 

Patient delays in providing consent for the procedure 26 (4.8) 

Difficulty crossing the culprit lesion during PCI 25 (4.6) 

Difficult vascular access 23 (4.3) 

Cath.Lab not available 21 (3.9)

Others 44 (8.2)
a, the reason(s) of delay (can choose more than 1). PCI, percutaneous 
coronary intervention.

Table 3 Crude hazard ratios of covariates associated with in-hospital mortality in univariable Cox regression analysis

Characteristics All (N=3,874) Death (N=302) Time at risk (days) Incidence rate HR (95% CI) P

Demographic & clinical characteristics

Age, year 62.7±13.0 70.1±13.1 – – 1.04 (1.03, 1.05) <0.001

Female 1,013 (26.1) 116 (38.4) 4,790 0.024 1.7 (1.3, 2.1) <0.001

Body mass index, kg/m2 24.1±4.17 23.3±4.1 – – 0.96 (0.93, 0.99) 0.004

Family history of premature CAD 212 (5.5) 12 (4.0) 872 0.014 0.7 (0.4, 1.3) 0.28

Smoking status

Current smoker 1,738 (44.9) 106 (35.1) 7,130 0.015 0.6 (0.5, 0.8) <0.001

Ex-smoker 723 (18.7) 46 (15.2) 3,613 0.013 0.6 (0.4, 0.8) 0.001

Never 1,413 (36.5) 150 (49.7) 6,576 0.023 1

Cardiogenic shock prior to PCI 956 (24.7) 220 (72.8) 5,263 0.042 7.0 (5.4, 9.0) <0.001

Referred case 2,871 (74.1) 211 (69.9) 12,093 0.017 1.0 (0.8, 1.3) 0.85

Comorbid conditions

Hypertension 1,988 (51.3) 172 (57.0) 9,616 0.018 1.1 (0.9, 1.4) 0.38

Diabetes mellitus 1,765 (45.6) 154 (51.0) 8,988 0.018 1.0 (0.8, 1.3) 0.75

Prior myocardial infarction 306 (7.9) 26 (8.6) 1,520 0.017 1.0 (0.7, 1.5) 0.89

Prior PCI 196 (5.1) 16 (5.3) 1,029 0.015 1.0 (0.6, 1.6) 0.86

Prior CABG 11 (0.3) 2 (0.7) 78 0.026 1.8 (0.5, 7.4) 0.39

Prior heart failure 239 (6.2) 47 (15.6) 1,465 0.032 2.2 (1.6, 3.0) <0.001

Chronic kidney disease 1,184 (30.6) 202 (66.9) 6,492 0.031 3.8 (3.0, 4.8) <0.001

Cerebrovascular disease 197 (5.1) 25 (8.3) 1,070 0.023 1.4 (1.0, 2.2) 0.08

Peripheral arterial disease 33 (0.9) 9 (3.0) 239 0.038 2.4 (1.2, 4.7) 0.01

Table 3 (continued)
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Table 3 (continued)

Characteristics All (N=3,874) Death (N=302) Time at risk (days) Incidence rate HR (95% CI) P

Type of delay

Door-to-device time, min

>90 945 (24.4) 111 (36.8) 4,987 0.022 1.9 (1.3, 2.6) <0.001

61–90 754 (19.5) 69 (22.8) 3,639 0.019 1.6 (1.1, 2.2) 0.02

31–60 1,113 (28.7) 72 (23.8) 5,063 0.014 1.2 (0.8, 1.7) 0.43

≤30 1,062 (27.4) 50 (16.6) 3,630 0.014 1

Time of system delay, min

>270 998 (25.8) 96 (31.8) 4,933 0.019 1.9 (1.3, 2.8) 0.001

181–270 804 (20.8) 72 (23.8) 3,699 0.019 1.9 (1.2, 2.8) 0.003

91–180 1,346 (34.7) 99 (32.8) 5,563 0.018 1.6 (1.1, 2.3) 0.02

≤90 726 (18.7) 35 (11.6) 3,124 0.011 1

Data were presented as mean ± standard deviation and n (%), except otherwise specified. HR, hazard ratio; CI, confidence interval; CAD, 
coronary artery disease; PCI, percutaneous coronary intervention; CABG, coronary artery bypass grafting.

Table 4 Multivariable Cox regression analysis of covariates associated with in-hospital mortality in patients with ST-elevation myocardial 
infarction treated with primary percutaneous intervention (N=3,874)

Covariates remaining significant
Considered door-to-devices timea Considered system delayb

HR (95% CI) P HR (95% CI) P

Door-to-device time, min

>90 1.5 (1.0, 2.1) 0.05

61–90 1.2 (0.8, 1.8) 0.32

31–60 1.1 (0.7, 1.5) 0.78

≤30 1

Time of system delay, min

>270 1.4 (0.9, 2.2) 0.09

181–270 1.7 (1.1, 2.6) 0.02

91–180 1.5 (1.0, 2.3) 0.04

≤90 1

Demographics & clinical characteristics

Age, year 1.02 (1.01, 1.03) <0.001 1.02 (1.01, 1.03) <0.001

Smoking status

Current smoker 0.8 (0.6, 1.1) 0.20 0.8 (0.6, 1.1) 0.21

Ex-smoker 0.6 (0.4, 0.9) 0.01 0.6 (0.5, 0.9) 0.01

Never 1 1

Referred case 1.0 (0.8, 1.4) 0.86 0.8 (0.6, 1.1) 0.15

Comorbid conditions

Dyslipidemia 0.6 (0.5, 0.8) <0.001 0.6 (0.5, 0.8) <0.001

Chronic kidney disease 2.7 (2.1, 3.5) <0.001 2.7 (2.1, 3.5) <0.001

Prior heart failure 1.5 (1.1, 2.0) 0.02 1.5 (1.1, 2.1) 0.01
a, time from arrival at PCI centre to primary PCI; b, time between first medical contact to primary PCI (time of the first device). HR, hazard 
ratio; CI, confidence interval; PCI, percutaneous coronary intervention.
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mortality in STEMI patients treated with primary PCI. Our 
findings indicate that a D2D time of more than 90 minutes 
is independently associated with in-hospital mortality, 
increasing the risk by roughly 50% when compared to a 
D2D time of less than or equal to 30 minutes. Furthermore, 
a system delay of more than 90 minutes was related with a 
40% to 70% increase in risk.

Strengths and limitations

There were a few strengths in our study. First, this was 
data from a prospective, nationwide registry that could 
represent real-world practice in Thailand. Second, 
unlike nearly all previous publications conducted over 
a decade ago (7,8,10,12-14), this latest study confirmed 
and emphasized the importance of shorter D2D time in 
contemporary practice. Third, the sample size of our study 
was large and adequate for subgroup and multivariate 
analysis.

Certain limitations to our study should be noted. First, 
unmeasured factors might have influenced our findings 
because our research was based on observational data. 
We sought to reduce this impact using rigorous risk 
adjustment, but we cannot rule out the possibility of 
residual confounding by additional non-measured hospital 
characteristics related to D2D time or death in other non-
measured individuals.

Comparison with similar researches

Previous studies on the relationship between D2D  
time and mortality revealed inconsistent results. Cannon 
et al. (7) and Rathore et al. (8), for example, found that any 
delay in primary PCI after a patient arrives at the hospital 
was related with an increase in in-hospital mortality among 
STEMI patients. Park et al. (9) also demonstrated that 
lowering D2D time was substantially linked with survival 
and that the survival effect of reducing D2D time was 
continuously detected, even when the duration was less than 
60 to 90 minutes. Similarly, McNamara et al. (10) and Foo 
et al. (11) discovered that patients with a D2D time greater 
than 90 minutes died at a higher rate than those with a 
period less than 90 minutes.

On the other hand, De Luca et al. (12) discovered no 
link between D2D time and mortality in either low-risk 
or high-risk patients. Soon et al. (13) showed that after 
logistic regression, D2D time had no statistically significant 
influence on outcomes. Song et al. (14) looked at patients 
who reported within 12 hours of symptom onset and were 
treated with primary PCI from the Korea Acute Myocardial 
Infarction Registry (KAMIR). Mortality at one month did 
not rise substantially with increasing D2D time (4.3% for 
90 minutes, 4.4% for >90 minutes; P=0.94).

The impact of D2D time, particularly those smaller 
than 60 minutes, on patient mortality after initial PCI for 
STEMI remains debatable. Tsukui et al. (15) observed that 
a lengthy D2D time (>2 h) was substantially linked with 
mortality from all causes despite correcting for variables 
such as Killip class 4, decreased renal function, and the 
number of diseased arteries. However, short D2D time  
(one hour) was not related with mortality from any cause 
in the multivariate Cox regression analysis. Consistent with 
our study, STEMI patients treated with primary PCI, D2D 
time longer than 90 minutes was related with in-hospital 
mortality, but D2D time less than 60 minutes was not 
consistently associated with survival benefit (HR 1.2, 95% 
CI: 0.8–1.8, P=0.319).

We discovered no link between death and patient delay 
or treatment delays (Tables S1 and S2, Figures S1 and S2). 
This finding might be explained by selection bias, which 
could be explained in part by the over-representation of 
cardiogenic shock in patients who present early (20,21). 
Moreover, recall bias is a substantial confounding factor, 
which is particularly important given that AMI may have 
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been preceded by hours of unstable angina, and patients 
must be able to recollect when the angina began. Finally, 
the difference between patient population, angioplasty 
techniques, ancillary medication and health care system, 
especially in STEMI network, may be other factors 
contributed to the inconsistency between the results of 
these studies. Baseline characteristics of participants with 
time of D2D time delay, system delay, patient delay and 
treatment delay are available in Tables S3-S6.

Explanations of findings

The main factors that can be improved by modifying the 
in-hospital process are D2D time and system delay. They 
are reliable parameters because they are not influenced by 
selection bias from early mortality in STEMI patients and 
recall bias (22,23).

Some studies discovered a link between system delay and 
death in STEMI patients receiving primary PCI (24-28). 
In the univariate study, we also discovered a link between 
system delay and mortality (Table S1), but after controlling 
for risk variables in the multivariate Cox regression analysis, 
the link was no longer statistically significant (Table 4, 
Figure S3).

Implications and actions needed

Improving the STEMI network in a developing country has 
resulted in better and faster care for STEMI patients, which 
has been linked to a reduction in in-hospital mortality  
(29-31). In the 2006 Thai national PCI registry, the median 
D2D time for STEMI patients was 122 minutes, and the 
overall mortality rate was 17.0% (29). Compared to our 
study, the median D2D time in STEMI patients was only 
54 minutes, and the in-hospital mortality rate was 6.8% (30). 
In contrast, numerous studies in the United States showed 
that the median D2D time decreased annually (32,33), 
while in-hospital mortality remained unchanged (17,34-36).

Several studies have also found that the D2D time in 
transfer from other hospital groups is shorter than the 
directed to PCI centre group (37,38). Communication 
between the referring hospital and the PCI centre can 
activate the catheterization team and reduce the DTD time, 
allowing patients transferred from other hospital groups to 
receive early revascularization therapy. This finding may 
show the value of Thailand’s well-established Hub and 
Spoke Referral System.

Our findings indicate that a D2D time of less than  

90 minutes will reduce the mortality rate among STEMI 
patients undergoing primary PCI. Therefore, to improve 
the outcomes of STEMI patients, all PCI centres should 
have a system to monitor and improve D2D time to less 
than 90 minutes.

The Hub and Spoke Referral System in Thailand 
effectively reduces D2D time, so there is no need to rapidly 
expand the number of PCI centres in the near future.

Conclusions

A D2D time greater than 90 minutes was related to in-
hospital mortality in patients with STEMI treated with 
primary PCI, but a D2D time less than 60 minutes was not 
consistently associated with D2D time-improved survival in 
real-world, contemporary practice in Thailand.

Acknowledgments

We thank the Cardiovascular Intervention Association of 
Thailand for its support, the 39 PCI centres in Thailand 
and the 3,874 patients who underwent primary PCI for 
their willingness to participate in this study. We appreciate 
Mr. Bryan Roderick Hamman for assistance with the 
English-language presentation of the manuscript under the 
auspices of the Khon Kaen University Publication Clinic.
Funding: The study was supported by the Health System 
Research Institute, Thailand.

Footnote

Reporting Checklist: The authors have completed the 
STROBE reporting checklist. Available at https://cdt.
amegroups.com/article/view/10.21037/cdt-22-611/rc

Data Sharing Statement: Available at https://cdt.amegroups.
com/article/view/10.21037/cdt-22-611/dss

Peer Review File: Available at https://cdt.amegroups.com/
article/view/10.21037/cdt-22-611/prf

Conflicts of Interest: All authors have completed the ICMJE 
uniform disclosure form (available at https://cdt.amegroups.
com/article/view/10.21037/cdt-22-611/coif). The authors 
have no conflicts of interest to declare.

Ethical Statement: The authors are accountable for all 
aspects of the work in ensuring that questions related 

https://cdn.amegroups.cn/static/public/CDT-22-611-Supplementary.pdf
https://cdn.amegroups.cn/static/public/CDT-22-611-Supplementary.pdf
https://cdn.amegroups.cn/static/public/CDT-22-611-Supplementary.pdf
https://cdt.amegroups.com/article/view/10.21037/cdt-22-611/rc
https://cdt.amegroups.com/article/view/10.21037/cdt-22-611/rc
https://cdt.amegroups.com/article/view/10.21037/cdt-22-611/dss
https://cdt.amegroups.com/article/view/10.21037/cdt-22-611/dss
https://cdt.amegroups.com/article/view/10.21037/cdt-22-611/prf
https://cdt.amegroups.com/article/view/10.21037/cdt-22-611/prf
https://cdt.amegroups.com/article/view/10.21037/cdt-22-611/coif
https://cdt.amegroups.com/article/view/10.21037/cdt-22-611/coif


Champasri et al. Door-to-device time and mortality in STEMI patients852

© Cardiovascular Diagnosis and Therapy. All rights reserved. Cardiovasc Diagn Ther 2023;13(5):843-854 | https://dx.doi.org/10.21037/cdt-22-611

to the accuracy or integrity of any part of the work are 
appropriately investigated and resolved. The study was 
conducted in accordance with the Declaration of Helsinki 
(as revised in 2013). The informed consent was taken from 
all the patients. The Central Research Ethics Committee 
(CREC) of Thailand reviewed and approved the study 
(CREC No. CREC017/60BRm. Certificate No. COA-
CREC 006/2018).

Open Access Statement: This is an Open Access article 
distributed in accordance with the Creative Commons 
Attribution-NonCommercial-NoDerivs 4.0 International 
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article 
with the strict proviso that no changes or edits are made 
and the original work is properly cited (including links 
to both the formal publication through the relevant 
DOI and the license). See: https://creativecommons.org/
licenses/by-nc-nd/4.0/.

References

1.	 Gruntzig A. Transluminal dilatation of coronary-artery 
stenosis. Lancet 1978;1:263.

2.	 Stefanini GG, Holmes DR Jr. Drug-eluting coronary-
artery stents. N Engl J Med 2013;368:254-65.

3.	 O'Gara PT, Kushner FG, Ascheim DD, et al. 2013 
ACCF/AHA guideline for the management of ST-
elevation myocardial infarction: a report of the 
American College of Cardiology Foundation/American 
Heart Association Task Force on Practice Guidelines. 
Circulation 2013;127:e362-425.

4.	 Ibanez B, James S, Agewall S, et al. 2017 ESC Guidelines 
for the management of acute myocardial infarction in 
patients presenting with ST-segment elevation: The Task 
Force for the management of acute myocardial infarction 
in patients presenting with ST-segment elevation of the 
European Society of Cardiology (ESC). Eur Heart J 
2018;39:119-77.

5.	 Authors/Task Force members; Windecker S, Kolh P, 
et al. 2014 ESC/EACTS Guidelines on myocardial 
revascularization: The Task Force on Myocardial 
Revascularization of the European Society of Cardiology 
(ESC) and the European Association for Cardio-
Thoracic Surgery (EACTS)Developed with the special 
contribution of the European Association of Percutaneous 
Cardiovascular Interventions (EAPCI). Eur Heart J 

2014;35:2541-619.
6.	 Berger PB, Ellis SG, Holmes DR Jr, et al. Relationship 

between delay in performing direct coronary 
angioplasty and early clinical outcome in patients with 
acute myocardial infarction: results from the global 
use of strategies to open occluded arteries in Acute 
Coronary Syndromes (GUSTO-IIb) trial. Circulation 
1999;100:14-20.

7.	 Cannon CP, Gibson CM, Lambrew CT, et al. Relationship 
of symptom-onset-to-balloon time and door-to-balloon 
time with mortality in patients undergoing angioplasty for 
acute myocardial infarction. JAMA 2000;283:2941-7.

8.	 Rathore SS, Curtis JP, Chen J, et al. Association of door-
to-balloon time and mortality in patients admitted to 
hospital with ST elevation myocardial infarction: national 
cohort study. BMJ 2009;338:b1807.

9.	 Park J, Choi KH, Lee JM, et al. Prognostic Implications 
of Door-to-Balloon Time and Onset-to-Door Time 
on Mortality in Patients With ST -Segment-Elevation 
Myocardial Infarction Treated With Primary Percutaneous 
Coronary Intervention. J Am Heart Assoc 2019;8:e012188.

10.	 McNamara RL, Wang Y, Herrin J, et al. Effect of door-
to-balloon time on mortality in patients with ST-segment 
elevation myocardial infarction. J Am Coll Cardiol 
2006;47:2180-6.

11.	 Foo CY, Andrianopoulos N, Brennan A, et al. Re-
examining the effect of door-to-balloon delay on STEMI 
outcomes in the context of unmeasured confounders: a 
retrospective cohort study. Sci Rep 2019;9:19978.

12.	 De Luca G, Suryapranata H, Zijlstra F, et al. Symptom-
onset-to-balloon time and mortality in patients with acute 
myocardial infarction treated by primary angioplasty. J Am 
Coll Cardiol 2003;42:991-7.

13.	 Soon CY, Chan WX, Tan HC. The impact of time-to-
balloon on outcomes in patients undergoing modern 
primary angioplasty for acute myocardial infarction. 
Singapore Med J 2007;48:131-6.

14.	 Song YB, Hahn JY, Gwon HC, et al. The impact of initial 
treatment delay using primary angioplasty on mortality 
among patients with acute myocardial infarction: from the 
Korea acute myocardial infarction registry. J Korean Med 
Sci 2008;23:357-64.

15.	 Tsukui T, Sakakura K, Taniguchi Y, et al. Association 
between the Door-to-balloon Time and Mid-term 
Clinical Outcomes in Patients with ST-Segment Elevation 
Myocardial Infarction. Intern Med 2020;59:1597-603.

16.	 Hannan EL, Zhong Y, Jacobs AK, et al. Effect of onset-

https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/


Cardiovascular Diagnosis and Therapy, Vol 13, No 5 October 2023 853

© Cardiovascular Diagnosis and Therapy. All rights reserved. Cardiovasc Diagn Ther 2023;13(5):843-854 | https://dx.doi.org/10.21037/cdt-22-611

to-door time and door-to-balloon time on mortality in 
patients undergoing percutaneous coronary interventions 
for st-segment elevation myocardial infarction. Am J 
Cardiol 2010;106:143-7.

17.	 Karkabi B, Meir G, Zafrir B, et al. Door-to-balloon time 
and mortality in patients with ST-elevation myocardial 
infarction undergoing primary angioplasty. Eur Heart J 
Qual Care Clin Outcomes 2021;7:422-6.

18.	 Foo CY, Bonsu KO, Nallamothu BK, et al. Coronary 
intervention door-to-balloon time and outcomes in ST-
elevation myocardial infarction: a meta-analysis. Heart 
2018;104:1362-9.

19.	 Sansanayudh N, Chandavimol M, Srimahachota S, et al. 
Patient Characteristics, Procedural Details, and Outcomes 
of Contemporary Percutaneous Coronary Intervention in 
Real-World Practice: Insights from Nationwide Thai PCI 
Registry. J Interv Cardiol 2022;2022:5839834.

20.	 Scholz KH, Maier SKG, Maier LS, et al. Impact of 
treatment delay on mortality in ST-segment elevation 
myocardial infarction (STEMI) patients presenting with 
and without haemodynamic instability: results from the 
German prospective, multicentre FITT-STEMI trial. Eur 
Heart J 2018;39:1065-74.

21.	 Kochar A, Al-Khalidi HR, Hansen SM, et al. Delays in 
Primary Percutaneous Coronary Intervention in ST-
Segment Elevation Myocardial Infarction Patients 
Presenting With Cardiogenic Shock. JACC Cardiovasc 
Interv 2018;11:1824-33.

22.	 Farquharson B, Abhyankar P, Smith K, et al. Reducing 
delay in patients with acute coronary syndrome and other 
time-critical conditions: a systematic review to identify 
the behaviour change techniques associated with effective 
interventions. Open Heart 2019;6:e000975.

23.	 Viana M, Laszczyńska O, Araújo C, et al. Patient 
and system delays in the treatment of acute coronary 
syndrome. Rev Port Cardiol (Engl Ed) 2020;39:123-31.

24.	 De Luca G, Suryapranata H, Ottervanger JP, et al. Time 
delay to treatment and mortality in primary angioplasty for 
acute myocardial infarction: every minute of delay counts. 
Circulation 2004;109:1223-5.

25.	 Terkelsen CJ, Sørensen JT, Maeng M, et al. System delay 
and mortality among patients with STEMI treated with 
primary percutaneous coronary intervention. JAMA 
2010;304:763-71.

26.	 Postma S, Dambrink JH, Gosselink AT, et al. The 
influence of system delay on 30-day and on long-term 
mortality in patients with anterior versus non-anterior ST-

segment elevation myocardial infarction: a cohort study. 
Open Heart 2015;2:e000201.

27.	 Wongpraparut N, Chotinaiwattarakul C, Panchavinnin P, 
et al. First medical contact to device time in the Thailand 
percutaneous coronary intervention (PCI) registry. J Med 
Assoc Thai 2014;97:1247-53.

28.	 Pereira H, Pinto FJ, Calé R, et al. The Stent for Life 
initiative: Factors predicting system delay in patients with 
ST-segment elevation myocardial infarction. Rev Port 
Cardiol (Engl Ed) 2018;37:681-90.

29.	 Srimahachota S, Kanjanavanit R, Boonyaratavej S, et al. 
Demographic, management practices and in-hospital 
outcomes of Thai Acute Coronary Syndrome Registry 
(TACSR): the difference from the Western world. J Med 
Assoc Thai 2007;90 Suppl 1:1-11.

30.	 Sansanayudh N, Chandavimol M, Srimahachota S, et al. 
Patient Characteristics, Procedural Details, and Outcomes 
of Contemporary Percutaneous Coronary Intervention in 
Real-World Practice: Insights from Nationwide Thai PCI 
Registry. J Interv Cardiol 2022;2022:5839834.

31.	 Dharma S, Andriantoro H, Purnawan I, et al. 
Characteristics, treatment and in-hospital outcomes 
of patients with STEMI in a metropolitan area of a 
developing country: an initial report of the extended 
Jakarta Acute Coronary Syndrome registry. BMJ Open 
2016;6:e012193.

32.	 Bradley EH, Nallamothu BK, Herrin J, et al. National 
efforts to improve door-to-balloon time results from 
the Door-to-Balloon Alliance. J Am Coll Cardiol 
2009;54:2423-9.

33.	 Krumholz HM, Herrin J, Miller LE, et al. Improvements 
in door-to-balloon time in the United States, 2005 to 
2010. Circulation 2011;124:1038-45.

34.	 Wang TY, Fonarow GC, Hernandez AF, et al. The 
dissociation between door-to-balloon time improvement 
and improvements in other acute myocardial infarction 
care processes and patient outcomes. Arch Intern Med 
2009;169:1411-9.

35.	 Flynn A, Moscucci M, Share D, et al. Trends in door-
to-balloon time and mortality in patients with ST-
elevation myocardial infarction undergoing primary 
percutaneous coronary intervention. Arch Intern Med 
2010;170:1842-9.

36.	 Menees DS, Peterson ED, Wang Y, et al. Door-to-balloon 
time and mortality among patients undergoing primary 
PCI. N Engl J Med 2013;369:901-9.

37.	 Butt TS, Bashtawi E, Bououn B, et al. Door-to-balloon 



Champasri et al. Door-to-device time and mortality in STEMI patients854

© Cardiovascular Diagnosis and Therapy. All rights reserved. Cardiovasc Diagn Ther 2023;13(5):843-854 | https://dx.doi.org/10.21037/cdt-22-611

time in the treatment of ST segment elevation myocardial 
infarction in a tertiary care center in Saudi Arabia. Ann 
Saudi Med 2020;40:281-9.

38.	 Dhungel S, Malla R, Adhikari C, et al. Door-to-balloon 
time and the determining factors in a tertiary cardiac 
center in Nepal. Indian Heart J 2018;70 Suppl 3:S309-12.

Cite this article as: Champasri K, Srimahachota S, Chandavimol 
M, Udayachalerm W, Thakkinstian A, Sookananchai B, 
Phatharajaree W, Kiatchoosakun S, Sansanayudh N. Door-
to-device time and mortality in patients with ST-elevation 
myocardial infarction treated with primary percutaneous 
coronary intervention: insight from real world data of Thai 
PCI Registry. Cardiovasc Diagn Ther 2023;13(5):843-854. doi: 
10.21037/cdt-22-611


