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Abstract

Objective

To evaluate causes and impact of delay in the door-to-balloon (D2B) time for patients under-

going primary percutaneous coronary intervention (PPCI).

Subjects and methods

From January 2009 to December 2012, 1268 patients (86% male, mean age of 58 ± 12

years) presented to our hospital for ST-elevation myocardial infarction (STEMI) and under-

went PPCI. They were divided into two groups: Non-delay defined as D2B time� 90 mins

and delay group defined as D2B time > 90 mins. Data were collected retrospectively on

baseline clinical characteristics, mode of presentation, angiographic findings, therapeutic

modality and inhospital outcome.

Results

202 patients had delay in D2B time. There were more female patients in the delay group.

They were older and tend to self-present to hospital. They were less likely to be smokers

and have a higher prevalence of prior MI. The incidence of posterior MI was higher in the

delay group. They also had a higher incidence of triple vessel disease.

The 3 most common reasons for D2B delay was delay in the emergency department

(39%), atypical clinical presentation (37.6%) and unstable medical condition requiring stabi-

lisation/computed tomographic imaging (26.7%). The inhospital mortality was numerically

higher in the delay group (7.4% versus 4.8%, p = 0.12).

Conclusions

Delay in D2B occurred in 16% of our patients undergoing PPCI. Several key factors for

delay were identified and warrant further intervention.

PLOS ONE | https://doi.org/10.1371/journal.pone.0185186 September 21, 2017 1 / 8

a1111111111

a1111111111

a1111111111

a1111111111

a1111111111

OPENACCESS

Citation: Sim WJ, Ang AS, Tan MC, Xiang WW,

Foo D, Loh KK, et al. (2017) Causes of delay in

door-to-balloon time in south-east Asian patients

undergoing primary percutaneous coronary

intervention. PLoS ONE 12(9): e0185186. https://

doi.org/10.1371/journal.pone.0185186

Editor: Katriina Aalto-Setala, University of Tampere,

FINLAND

Received: May 10, 2017

Accepted: September 7, 2017

Published: September 21, 2017

Copyright: © 2017 Sim et al. This is an open

access article distributed under the terms of the

Creative Commons Attribution License, which

permits unrestricted use, distribution, and

reproduction in any medium, provided the original

author and source are credited.

Data Availability Statement: These data are

restricted by the National Healthcare Group

Research Data Sharing Policy. Interested, qualified

researchers may request the data by contacting the

manager of Tan Tock Seng Hospital Clinical

Research & Innovation Office at

noriza_mustapa@ttsh.com.sg.

Funding: The authors received no specific funding

for this work.

Competing interests: The authors have declared

that no competing interests exist.

https://doi.org/10.1371/journal.pone.0185186
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0185186&domain=pdf&date_stamp=2017-09-21
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0185186&domain=pdf&date_stamp=2017-09-21
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0185186&domain=pdf&date_stamp=2017-09-21
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0185186&domain=pdf&date_stamp=2017-09-21
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0185186&domain=pdf&date_stamp=2017-09-21
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0185186&domain=pdf&date_stamp=2017-09-21
https://doi.org/10.1371/journal.pone.0185186
https://doi.org/10.1371/journal.pone.0185186
http://creativecommons.org/licenses/by/4.0/
mailto:noriza_mustapa@ttsh.com.sg


Introduction

Primary percutaneous coronary intervention (PPCI) [1] has emerged as the preferred therapy

for ST-elevation myocardial infarction (STEMI) if performed in a timely fashion and it is the

first-line reperfusion therapy in Singapore. The promptness of PPCI can be measured by using

the door-to-balloon (D2B) time. It is also an indicator of quality of care of PPCI program and

is predictive of outcome. A D2B time> 90 minutes has been shown by several studies [2–5] to

be associated with higher mortality. Based on these data, the American College of Cardiology

and American Heart Association (ACC/AHA) STEMI guidelines [6] recommends D2B� 90

minutes for PPCI for STEMI. Several studies [7–11] have described the reasons for D2B time

delay and highlighted patient demographic characteristics and certain issues unique to their

patient population. Prior studies were mostly conducted in the Western population but the

current situation in Singapore is unknown. We evaluated the D2B time in STEMI patients pre-

senting to our hospital, elucidate the reasons for delay and identify opportunities to improve

quality of care.

Material and methods

This is a retrospective study of 1278 patients who underwent PPCI in our hospital from Janu-

ary 2009 to December 2012. We included patients who had electrocardiographic (ECG) evi-

dence of STEMI, presented within 12 hours of symptom onset to our emergency department

(ED). Excluded were 10 patients with absence of ST elevation on ECG and those with inade-

quate documentation of arrival or reperfusion times. Hence, 1268 patients were included in

the final analysis.

Our invasive cardiac catheterisation laboratory (> 1300 PCI/year) provides 24 hour PPCI

services for STEMI patients with a PPCI volume of> 350 cases/year. A STEMI protocol [12]

has been established in our institution in which the emergency medicine physician directly

activate the catheterization laboratory, a single call to a central operator to activate the on-call

team and staff are expected to arrive within 20 minutes after being activated. Data were

retrieved on the baseline clinical characteristics, ECG, D2B time, angiographic findings, mode

of treatment and clinical outcome. D2B time was defined according to ACC definition as the

interval between the hospital arrival time and the time of restoration of Thrombolysis in Myo-

cardial Infarction (TIMI) 3 flow by whatever device used. Delay was defined by cut-off of D2B

time > 90 minutes. We compared the clinical characteristics of patients in the delay and non-

delay group to identify patient-related factors leading to D2B delay and also evaluated its

impact on inhospital mortality. Inhospital mortality is defined as death from any cause during

index hospitalization. We also determine the causes of D2B delay of each affected patient by

reviewing the relevant medical records.

Continuous variables were expressed as mean ± standard deviation and tested with Stu-

dent’s t-test. Categorical variables were expressed as counts and percentages with chi square

test or Fisher’s exact test. Calculations were performed using SPSS software (version 16.0;

SPSS,Inc., Chicago, Illinois). All p-values were 2-sided and p-values< 0.05 were considered

statistically significant. The study was reviewed and approved by the National Healthcare

Group (NHG) Institutional Review Board, Singapore.

Results and discussion

Table 1 summarizes the baseline clinical characteristics, D2B time, angiographic findings and

clinical outcomes.

For the overall group, the mean age at presentation was 58.4 ± 12.2 years with male prepon-

derance (86%). The overall median D2B time was 60 minutes and mean D2B time was 68 ± 35
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minutes. Delay in D2B occurred in 16% of patients. Median D2B time in the delay group was

112 minutes while that of the non-delay group was 56 minutes.

Patients in the delay group were likely to be older and of female gender. There was no eth-

nic differences in both groups. The former group also had a significantly longer symptom

Table 1. Baseline clinical characteristics, D2B time, angiographic findings and clinical outcomes of the study population.

Overall Delay Non-Delay p

(N = 1268) (N = 202; 16%) (N = 1066; 84%)

Age, years 58.4 ± 12.2 60.5 ± 13.2 58 ± 12 0.008*

Male:Female,n,% 1096: 172 162:40 934: 132 0.007*

(86: 14) (80: 20) (88: 12)

Ethnicity,n,%:

Malay 184 (14.5) 22 (10.9) 162 (15.2) 0.12

Chinese 819 (64.6) 131 (64.8) 688 (64.5) 1.00

Indian 202 (15.9) 39 (19.3) 163 (15.3) 0.17

Others 63 (5) 10 (5.0) 53 (5.0) 1.00

Mean symptom onset to reperfusion, mins 251.3 ± 218 322.4 ± 221 240.3 ± 215 < 0.0001*

Mean D2B, mins 68 ± 35 126 ± 46 57 ± 16 < 0.0001*

Median D2B, mins 60 112 56

Smoker,n,% 671 (53) 90 (45) 581 (54.5) 0.01*

Diabetes mellitus,n,% 365 (28.8) 68 (34) 297 (28) 0.11

Hypertension,n,% 664 (52.4) 111 (55) 553 (52) 0.44

Hyperlipidemia,n,% 680 (53.6) 114 (56) 566 (53) 0.4

Prior MI,n,% 128 (10.1) 30 (15) 98 (9.2) 0.02*

Prior PCI,n,% 103 (8.1) 17 (8.4) 86 (8.1) 0.9

Prior CABG,n,% 6 (0.5) 2 (1.0) 4 (0.4) 0.24

Self-present: EMS,n,% 495: 772 104: 98 391: 674 0.0001*

(39: 61) (51.5: 48.5) (36.7: 63.2)

Office hours: After office hours,n,% 477: 790 62: 140 415: 650 0.03*

(38: 62) (31: 69) (39: 61)

Type of AMI,n,%

Anterior 595 (46.9) 99 (49) 496 (46.5) 0.53

Inferior 599 (47.2) 76 (37.6) 523 (49.1) 0.003*

Posterior 19 (1.5) 8 (4.0) 11 (1.0) 0.006*

No.of VD,n,%

1 412 (32.5) 64 (31.7) 348 (33) 0.74

2 415 (32.7) 55 (27.2) 360 (34) 0.06

3 430 (33.9) 83 (41.0) 347 (33) 0.03*

Target vessel,n,%

LAD 604 (47.6) 97 (48) 507 (47.6) 0.93

RCA 502 (39.6) 69 (34) 433 (40.6) 0.09

LCX 115 (9.1) 24 (12) 91 (8.5) 0.14

Left main 37 (2.9) 10 (5) 27 (2.5) 0.06

Cardiogenic Shock,n,% 258 (20.3) 37 (18.3) 221 (20.7) 0.5

Inhospital mortality,n,% 66 (5.2) 15 (7.4) 51 (4.8) 0.12

CABG denotes coronary artery bypass surgery, EMS denotes emergency medical services, VD denotes vessel disease, LAD denotes left anterior

descending artery, RCA denotes right coronary artery, LCX denotes left circumflex artery.

* denotes p value < 0.05

https://doi.org/10.1371/journal.pone.0185186.t001
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onset to reperfusion time compared to the latter. They were less likely to be smokers and had a

higher prevalence of prior MI. For the overall group, the use of emergency medical services

(EMS) as mode of presentation was 61%. Patients in the delay group tend to self-present com-

pared to the non-delay group. The majority of STEMI patients (62%) in our study presented

after office-hours with a higher proportion (69%) in the delay group. The incidence of poste-

rior MI was significantly higher in the delay group. The rate of triple vessel disease was also sig-

nificantly higher in the delay group with a trend towards higher proportion of left main

disease. Overall, the rate of cardiogenic shock was 20% but there was no significant difference

in the rates for both groups.

The inhospital mortality was 5.2% for the overall group. The inhospital mortality was

numerically higher in the delay group (7.4% versus 4.8%, p = 0.12) but this was not statistically

significant.

Table 2 outlines the reasons for D2B delay for the 202 patients. The most common cause of

D2B delay was due to delay in the ED (39%), atypical clinical presentation (37.6%), unstable

medical condition requiring stabilization or computed tomographic (CT) imaging, (26.7%),

difficulty in crossing culprit lesion (14.3%), difficult vascular access (9.4%), consent issues

(3.9%) and “unknown”(9%).

To the best of our knowledge, this is the first report on the frequency and causes of delay in

PPCI for STEMI patients in a contemporary South-east Asian registry. Delay in D2B occurred

in 16% of patients and the median D2B time for the delay group was 112 minutes. From our

study, we identified specific clinical characteristics that were associated with D2B delay. Pa-

tients in the delay group were older and of female gender compared to the non-delay group.

The former group also had a significantly longer symptom onset to reperfusion time. They

were less likely to be smokers and had a higher rate of prior MI. This is similar with the find-

ings of other studies [7,9,11] which had shown these age and gender predisposition to longer

symptom onset to reperfusion and D2B time. One possible explanation is that the elderly [13–

14] and female [15–16] patients tend to have atypical symptom during AMI which could lead

to delay in seeking medical consultation, delay in medical attention and missed diagnosis in

the ED. In addition, the elderly patients may have impairment in their hearing, visual and cog-

nitive functions which preclude effective communication and proper consent taking. Patients

in the delay group were found to have a higher proportion of previous MI, hence, they may

have pre-existing ECG changes which could mask their underlying diagnosis of STEMI.

Singapore is an island city-state in South-east Asia which has a population of 5.6 million.

According to the government census report, the ethnic composition of Chinese, Malays and

Indians in the general population were 74.2%, 13.4% and 9.2% respectively. There was no eth-

nic differences between the two groups. This suggest that all ethnic groups in Singapore receive

Table 2. Reasons for delay in D2B time.

N (%)

1 Delay in emergency department* 79 (39.1)

2 Atypical clinical presentation* 76 (37.6)

3 Difficult vascular access* 19 (9.4)

4 Difficult crossing culprit lesion* 29 (14.4)

5 Unstable medical condition requiring stabilization and CT imaging* 54 (26.7)

6 Issues with consent* 8 (4)

7 Unknown reason 18 (9)

*Patients can have more than 1 reason for D2B delay

https://doi.org/10.1371/journal.pone.0185186.t002
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equitable access to medical care and is in contrast to other studies [7,11] which had shown that

the nonwhite race was a predictor of D2B delay. In our study, patients in the delay group tend

to self-present and present after office hours when compared to the non-delay group. Both fac-

tors [7–9] have been well reported in the literature to be associated with D2B delay. Possible

reasons include delay in triaging, evaluation and diagnosis in the ED. Staffing levels maybe

lower after office hours which could contribute to the delay. This might warrant a more

detailed analysis of the emergency visit pattern at our institution and redistribution of man-

power to better match arrival patterns of patients in order to reduce process-induced delays

and improve D2B time.

The incidence of posterior MI was significantly higher in the delay group. This is likely due

to difficult interpretation of the subtle ECG changes in posterior MI [17] because no specific

leads of the standard ECG directly represent that area. We should highlight this important

finding to the emergency physician and educate all relevant staff in order to increase their

diagnostic suspicion of posterior MI. Another possible solution is to perform a routine poste-

rior electrocardiogram for individuals with prominent ST-segment depression in the anterior

leads (V1 to V3). The rate of triple vessel disease was significantly higher in the delay group

with a trend towards higher proportion of left main disease. This suggest the former group had

more extensive coronary artery disease.

D2B and mortality

In our study, the inhospital mortality was 5.2% for the overall group. The inhospital mortality

was numerically higher in the delay group but this figure was not statistically significant. This

finding is in contrast with previous studies [2–5] that have demonstrated that delay in D2B

time are associated with adverse outcomes. A recent study [18], however, have implied a possi-

ble threshold limit to D2B time in which further reduction does not impact mortality. The

importance of symptom onset to reperfusion [19] ie total ischaemic time may explain why

lower D2B time does not always translate to lower inhospital mortality especially if the symp-

tom onset to reperfusion time is already substantial. In our study, the overall mean symptom

onset to reperfusion time was 251.3 ± 218 minutes. Those in the non-delay group has a time of

240.3 ± 215 minutes (4 hours before medical contact) which is significantly longer than those

reported in the literature [19]. This highlight the importance of public education for seeking

immediate medical attention at the onset of chest pain.

Reasons for delay

We found that the 3 most frequent causes of delay was delay in the ED (39%), atypical clinical

presentation (37.6%) followed by unstable medical condition requiring stabilization or CT

imaging (26.7%). Delay in the ED [8,10] includes key operational issues like delay in triage,

evaluation and diagnosis. Prompt data feedback of time intervals comprising D2B time with

staff in ED and catheterization laboratory team is recognized as one of the six strategies [12]

for reducing D2B time but it is not practiced at our institution. This should be implemented so

that synergistic cooperation between the 2 main stake-holders can be improved and system

solutions to the D2B delay can be conceived. For atypical clinical presentation, this includes

patients with atypical symptom and nondiagnostic initial ECG. Several studies [8,10] have

shown that such features often lead to prolonged D2B. This suggests increased index of sus-

picion especially in ambiguous cases. Formal training in the assessment of acute coronary

syndrome to triage staff members in the ED could be provided regularly to improve their diag-

nostic acumen. Another potential solution is to perform an ECG for patients presenting with

suspicious symptom anywhere from the neck to umbilical area.
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For unstable medical condition requiring medical stabilization or CT imaging, these are

patients who require intubation due to respiratory distress, cardiac arrest requiring cardiopul-

monary resuscitation and those who require CT to rule out aortic dissection or intracranial

event. Prior studies [10–11] have shown that these group of patients especially those with car-

diac arrest have the highest inhospital mortality. Other contributory causes of D2B delay

include technical difficulties in the cardiac catheterization laboratory (delay in vascular access

and delay in crossing culprit lesion). Our rates are different from those reported in the litera-

ture [11]. However it is difficult to make valid comparisons as patients’ baseline clinical and

angiographic characteristics maybe different. 3.9% of patients with D2B delay had issues with

giving consent. Based on the documentation in the clinical notes, all the patients wanted fur-

ther discussion with their family members before agreeing to PPCI. Interestingly, a study con-

ducted in USA [11] using data from Cath-PCI Registry found that most of the patients who

had delays in consent were of Asian origin. In the Asian culture, relationships are often family-

centric. Decision making in medical care are commonly shared between various members of

the family and the patient. Lastly, no specific reason for D2B delay was found in 9% of

patients.

Limitation

Our study had several limitations. In comparison to other studies, our sample size was rela-

tively small. In addition, our study was a retrospective, single-centre observational study,

therefore, selection bias was inevitable and could affect our findings. There was a proportion

of patients in our study who had delay in D2B time that were classified under “others”. There

was no clear documentation of what caused the delay, hence, we were unable to analyze the

reasons for delay in D2B time. However, this only constituted a small percentage of our study

population. We also did not capture data on the socio-economic status and the prevalence of

pre-existing risk factors like prior stroke, chronic renal disease and chronic obstructive pulmo-

nary disease which could affect the outcomes.

Future direction

Bradley et al [12] identified 6 key strategies for reducing D2B time which include activating

the cardiac catheterization laboratory on the basis of ECG performed while patient is on the

way to hospital, emergency physician directly activate the catheterization laboratory, having a

single call to a central operator to activate the on-call team, staff expected to arrive within 20

minutes after being activated, having on-site cardiologist and prompt data feedback.

The first strategy mentioned above is currently not done as a standard practice at our insti-

tution. With the advent of telemedicine and healthcare technology, we should embrace these

advances and implement this key strategy in our PPCI program in order to reduce D2B delay

and hopefully achieve better clinical outcomes for our STEMI patients.

Conclusions

Our registry showed that delay in D2B occurred in 16% of our patients undergoing PPCI for

STEMI but this did not translate into higher inhospital mortality. Various factors (patient, sys-

tem and nonsystem-related) for D2B delay unique to the hospital and the South-east Asian

patient population were identified and warrant further intervention.
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