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The impact of time-to-balloon on
outcomes in patients undergoing
modern primary angioplasty for
acute myocardial infarction
Soon C Y, Chan W X, Tan H C

ABSTRACT
Introduction: The importance of time-toprimary percutaneous coronary inter vention (PCI) in patients with acute myocardial
infarction has been controversial. We
examine the relationship between timeto-treatment and short- to medium-term
clinical outcomes.
Methods: In a prospective observational
study of data collected from our institution’s
angioplasty database between June 2001 and
May 2003, 208 consecutive patients (mean
age 56.0 [range, 28–90] years; 88.5 percent
men; 23.6 percent with diabetes mellitus)
with ST-segment elevation myocardial
infarction (STEMI) and who underwent
primary PCI without antecedent fibrinolytic
therapy were analysed. With adjustments
for
appropriate
covariates,
logistic
regressions were performed to assess the
relationship between symptom-to-balloon
time, door-to-balloon time and the studied
outcomes, which were mortality and major
adverse cardiac event (MACE) defined as
death, myocardial infarction and repeat
target vessel revascularisation.
Results: Prolonged symptom-to-balloon
time (median time, 3 hours 55 minutes)
significantly increased the MACE rate at one
month (odds-ratio [OR], 1.45; 95 percent
confidence interval [CI], 1.09–1.92; p-value
is 0.011) and six months (OR, 1.19; 95 percent
CI, 1.01-1.41; p-value is 0.046) but not
mortality (at one month, p-value is 0.25; at
six months, p-value is 0.87) after adjusting
for relevant covariates. However, door-toballoon time (median time, 110 minutes)
did not significantly influence mortality
(mortality at one month, p-value is 0.73; six

months, p-value is 0.64) and MACE (MACE
at one month, p-value is 0.71; six months, pvalue is 0.08) at one and six months.
Conclusion: Symptom-to-balloon time is an
important predictor of MACE in the shortand medium-term in contrast to door-toballoon time. Improving public awareness
and accessibility of health services to
patients with STEMI is essential in reducing
poor outcomes.
Keywords: angioplasty, balloon angioplasty,
ischaemic heart disease, myocardial infarction,
percutaneous coronary intervention
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INTRODUCTION
Rapid time to treatment with fibrinolytic therapy is
associated with lower mortality in patients with acute
ST-segment elevation myocardial infarction (STEMI).(1-3)
However, the importance of time-to-primary percutaneous
coronary intervention (PCI) in patients with acute
myocardial infarction (AMI) remains controversial.
Some reports suggested a delay in door-to-balloon time
to be the major outcome predictor but not symptom-toballoon time.(4) Others found symptom-to-balloon time to
be more important.(5, 6) Our study aimed to evaluate, in
a single-centre cohort of patients with acute STEMI, the
relationship between delay in symptom-to-treatment and
door-to-treatment time on short- to medium-term clinical
outcomes.
METHODS
Primary PCI has replaced fibrinolytic therapy as the
main reperfusion strategy over the last few years and
is available as a service throughout 24 hours. Besides
managing acute STEMI patients presented to National
University Hospital (NUH) emergency department (ED),
our catheterisation laboratory also received patients
from Tan Tock Seng Hospital (TTSH) and Alexandra
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Fig. 1 Cumulative frequency curves of symptom-to-balloon
time.The median reperfusion time was 3 hours 55 minutes, and
3.6% of patients achieved reperfusion in < 2 hours.

Fig. 2 Cumulative frequency curves of door-to-balloon time.
The median door-to-balloon time was 110 minutes, and 34.7% of
patients achieved a door-to-balloon time of < 90 minutes.

Hospital (AH), which are located approximately 12.4
km and 2.95 km away, respectively. In this prospective
observational study, patients with acute STEMI, defined
as a patient with chest pain history accompanied by
electrocardiographical (ECG) evidence of ST-segment
elevation of at least 0.1 mV (1 mm) in two or more ECG
leads, were studied. Between June 2001 and May 2003,
a total of 208 consecutive patients with STEMI who
underwent primary PCI (without antecedent fibrinolytic
therapy) were included.
Symptom-to-balloon time was defined as the interval
between the time of patient’s reported symptom(s) onset

and time of first balloon inflation or device deployment.
Door-to-balloon time was the interval between the time
of patient registration at ED and time of first balloon
inflation or device deployment. Regular office hours at
NUH were from 0800 to 1730 hours, Mondays to Fridays,
and 0800 to 1230 hours on Saturdays. Any other hours
outside regular office hours were defined as after hours,
and these include public holidays.
NUH used a comprehensive, computerised patient
database system that included Emergency Database
System (EMDS) and Computerised Patient Support
System (CPSS). EMDS archives all patients’ emergency
admission records while CPSS is a comprehensive, stateof-the-art electronic medical records system containing
case summaries, prescriptions, radiology and laboratory
test results. Our catheterisation laboratory has also
established its own database (4D Client, 4D Inc., San
Jose, CA, USA, 1995–2004) to record all invasive cardiac
percutaneous interventions performed since February
2001. All patients’ demographics, detailed timeline
including time of onset of chest pain, time of arrival at the
hospital (“door” time), and time of first balloon inflation
(or device deployment) during the primary angioplasty
procedure (“balloon time”), were acquired from the above
respective databases.
Patients were divided into several pre-specified
groups, first by time from symptom onset to first balloon
inflation, and then by door time to first balloon inflation.
Baseline characteristics, mortality rates and major adverse
cardiac event (MACE) rates were examined across these
time categories. The primary endpoints of this analysis
were mortality rate and MACE rate at one and six months
post-event. MACE was defined as death, myocardial
infarction and repeat target vessel revascularisation.
Further analysis to examine the impact of door-to-balloon
time of < 90 minutes versus ≥ 90 minutes within the
same symptom-to-balloon time was performed. Nurse
coordinators obtained clinical follow-up at one and six
months by telephone contact and during any interim
inpatient hospitalisations.
All statistical analyses were performed using Statistical
Package for Social Sciences for Windows version 11.5
(SPSS Inc, Chicago, IL, USA). Univariate analysis was
performed to compare patients’ characteristics among
the categories of symptom-to-balloon time and doorto-balloon time. Categorical variables were compared
using chi-square/Fisher’s exact test. Continuous variables
were compared using ANOVA/Kruskal-Wallis test as
appropriate. Logistic regressions were carried out to
assess the relationship between symptom-to-balloon
time, door-to-balloon time and the studied outcomes,
with adjustments for appropriate covariates. Statistical
significance was assumed if p < 0.05. Further analysis by
comparing door-to-balloon time, in two groupings of < 90
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Table I. Baseline variables by symptom-to-balloon time.
Symptom-to-balloon time
Baseline variables

< 2 hours
(n=7)

2–4 hours
(n=100)

4–6 hours
(n=48)

> 6 hours
(n=39)

p-value

% of total patients

3.6%

51.6%

24.7%

20.1%

N/A

Age ≤ 70 years

7 (100%)

87 (87%)

39 (81.3%)

34 (87.2%)

0.537

Age (years) (mean ± SD)

50.1 ± 8.3

54.3 ± 12.3

59.3 ± 11.5

57.5 ± 10.6

0.042

Men

7 (100%)

92 (92%)

41 (85.4%)

33 (84.6%)

0.391

Diabetes mellitus

0 (0%)

19 (19%)

13 (27.1%)

13 (33.3%)

0.124

Hypertension

3 (42.9%)

49 (49%)

28 (58.3%)

24 (61.5%)

0.454

Smoking status

0.927

Current smoker

3 (42.9%)

51 (51%)

23 (47.9%)

20 (51.3%)

Ex-smoker

1 (14.3%)

10 (10.0%)

8 (16.7%)

4 (10.3%)

Prior CABG

0 (0%)

1 (1%)

0 (0%)

0 (0%)

1.000

Prior MI

2 (28.6%)

7 (7%)

3 (6.3%)

5 (12.8%)

0.159

Anterior wall infarction

4 (57.1%)

60 (60%)

28 (58.3%)

19 (48.7%)

0.407

NB: 14 (6.7%) missing data
Table II. Baseline variables by door-to-balloon time.
Door-to-balloon time
Baseline variables

0 to < 90 minutes
(n=69)

90 to < 180 minutes
(n=101)

≥ 180 minutes
(n=29)

p-value

% of total patients

35%

51%

14%

N/A

Age ≤ 70 years

64 (92.8%)

83 (82.2%)

25 (86.2%)

0.141

Age (years) (mean ± SD)

54.2 ± 10.3

56.3 ± 12.6

58.9 ± 13.3

0.251

Men

65 (94.2%)

87 (86.1%)

26 (89.7%)

0.243

Diabetes mellitus

13 (18.8%)

23 (22.8%)

10 (34.5%)

0.244

Hypertension

35 (50.7%)

54 (53.5%)

15 (51.7%)

0.938

Current smoker

35 (50.7%)

51 (50.5%)

12 (41.4%)

Ex-smoker

7 (10.1%)

11 (10.9%)

6 (20.7%)

0 (0%)

1 (1%)

0 (0%)

Smoking status

Prior CABG

0.636

1.000

Prior MI

3 (4.3%)

9 (8.9%)

6 (20.7%)

0.036

Anterior wall infarction

34 (49.3%)

62 (61.4%)

18 (62.1%)

0.300

NB: 9 (4.3%) missing data

minutes versus ≥ 90 minutes, was performed by adjusting
for symptom-to-balloon time.
RESULTS
The demographical and clinical characteristics of 208
patients by time-to-balloon are shown in Tables I and II.
The ethnic composition of patients was Chinese (65%),
Indian (18%), Malay (15%) and others (2%). Patients
were predominantly male (89%) and aged younger than
70 years (86%). The majority of patients were presented
directly to NUH (87%), with transfers from TTSH
(10%) and AH (3%) making up the balance. Two-thirds
of patients (65%) arrived at the hospitals during regular
office hours.

The median symptom-to-balloon and door-to-balloon
times were 3 hours 55 minutes and 110 minutes, respectively
(Figs. 1–2). Only 3.6% of patients achieved a time to
reperfusion of less than two hours after symptom onset.
34.7% of patients achieved a door-to-balloon time of less
than 90 minutes. Patients with longer ischaemic times
were older, more often suffering from diabetes mellitus and
hypertension. Cardiogenic shock was present in 16 (7.7%)
patients. The vessels responsible for acute STEMI were the
left anterior descending artery (57%), right coronary artery
(34%) and circumflex artery (9%). Adjuvant therapeutics
administered included coronary stenting (97%), glycoprotein
IIb/IIIa inhibitors (47%), thrombectomy device (40%) and
distal protection device (10%).
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Table III. One- and six-month clinical outcomes.
Symptom-to-balloon time
Variables

< 120 minutes
(n=7)

120–240 minutes 240–360 minutes
(n=100)
(n=48)

> 360 minutes
(n=39)

p-value

Death

0

6 (6.2%)

5 (10.6%)

5 (12.8%)

0.250

MACE

0

6 (6.2%)

5 (10.6%)

6 (15.4%)

0.318

Death

0

8 (8.5%)

5 (11.1%)

6 (15.8%)

0.556

MACE

0

9 (9.6%)

8 (17.8%)

9 (23.7%)

0.115

One month

Six months

Door-to-balloon time
0 to < 90 minutes
(n=69)

90 to < 180 minutes
(n=101)

> 180 minutes
(n=29)

p-value

Death

3 (4.4%)

9 (9.2%)

5 (17.2%)

0.119

MACE

3 (4.4%)

10 (10.2%)

5 (17.2%)

0.121

Death

3 (4.5%)

10 (10.5%)

7 (25%)

0.013

MACE

5 (7.6%)

14 (14.7%)

8 (28.6%)

0.029

One month

Six months

Table IV. One- and six-month clinical outcomes by symptom-to-balloon time.
Symptom-to-balloon time
Mean (SD) (hours)

Odds-ratio (95% CI)

p-value*

5.06 (2.48)

1.20 (0.88, 1.64)

0.250

1.45 (1.09, 1.92)

0.011

1.03 (0.70, 1.53)

0.867

1.19 (1.01, 1.41)

0.046

One month
Death
MACE

Yes
No

4.86 (3.26)

Yes

6.08 (4.81)

No

4.76 (2.99)

Yes

4.96 (2.40)

No

4.85 (3.28)

Yes

5.92 (4.16)

No

4.68 (2.98)

Six months
Death
MACE
*Covariates adjusted

Mortalities at one and six months were 8.2% and
9.6%, respectively, while MACE at one and six months
were 8.7% and 13.0%, respectively. The one-month
mortality reduced to 4.7% if cardiogenic shock patients
were excluded. Mortality and MACE rates were both
consistently escalating with longer symptom-to-balloon
and door-to-balloon times (Table III) despite not achieving
statistical significance. A longer symptom-to-balloon time
was a significant predictor of MACE events at one month
(odds ratio [OR], 1.45; 95% confidence interval [CI],
1.09–1.92; p = 0.011) and six months (OR, 1.19; 95% CI
1.01–1 .41; p = 0.046) but not mortality, after adjusting
for baseline confounding variables (Tables IV and V).

Door-to-balloon time, however, did not demonstrate any
statistically significant impact on outcomes after logistic
regression. Baseline covariates incorporated in the
multivariate analyses included age, multivessel disease
and cardiogenic shock.
Additional analysis by examining the impact of
different door-to-balloon time of < 90 minutes versus ≥ 90
minutes within the same symptom-to-balloon time revealed
no significant difference for one-month mortality (OR,
1.22; 95% CI, 0.05–29.25; p = 0.902), six-month mortality
(OR, 2.66; 95% CI, 0.16–43.27; p=0.493), one-month
MACE (OR, 2.02; 95% CI, 0.10–40.87, p = 0.648) and sixmonth MACE (OR, 2.28; 95% CI, 0.49–10.67; p=0.294).
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Table V. One- and six-month cumulative clinical outcomes by door-to-balloon time.
Door-to-balloon time
Mean (SD) (minutes)

Odds-ratio (95% CI)

p-value*

141.88 (71.81)

1.00 (0.98, 1.02)

0.728

1.00 (0.98, 1.02)

0.711

1.01 (0.98, 1.03)

0.639

1.01 (0.99, 1.02)

0.082

One month
Death
MACE

Yes
No

121.67 (60.11)

Yes

142.17 (69.68)

No

121.53 (60.25)

Yes

149.80 (74.72)

Six months
Death
MACE

No

120.49 (59.59)

Yes

141.32 (74.16)

No

119.49 (59.13)

*Covariates adjusted

DISCUSSION
The main finding of our study is that among patients with
STEMI undergoing modern mechanical reperfusion, delay
in time from symptom onset to balloon is an important
predictor of poor outcome. The association between
increased duration of coronary vessel occlusion and
degree of myocardial necrosis has been well characterised
in animal models.(7) Therefore, late reperfusion is expected
to result in poor flow, less myocardial salvage and thus
suboptimal cardiovascular outcomes, even after optimal
mechanical reperfusion. In other words, the extent of
infarct size could be reduced significantly if the occlusion
was interrupted and coronary blood flow restored.
However, Zijlstra et al(8) reported that mortality
increased linearly with time delay only in patients treated
with fibrinolytics, whereas it was relatively stable in
patients treated by primary angioplasty. This surprise
finding could potentially be explained by the fact that
only 50%–60% of patients treated with fibrinolytic agents
achieved the important end-point of angiographically
normal flow,(9,10) compared to 93%–96% of patients
treated with primary PCI.(11,12) Nevertheless, evidence
is gradually mounting that time to reperfusion is just as
important in primary angioplasty, as it is in fibrinolytic
therapy.(6,13,14) In our cohort of 208 patients with STEMI
undergoing primary angioplasty, our findings support
the prognostic role of early restoration of myocardial
perfusion.
The fact that only 3.6% of patients achieved a
symptom-to-balloon time of less than two hours raised the
need for further awareness and education. Merely 35%
of our patients achieved a door-to-balloon time of less
than 90 minutes in accordance to the recommendation
of American College of Cardiology/American Heart
Association (ACC/AHA) guidelines for the management

of AMI.(15) These findings highlight the many opportunities
in our current myocardial infarction management pathway
that can be improved. The importance of public education
to facilitate the early recognition of alarming cardiac
symptoms could not be emphasised more.
Our finding that two-thirds of patients presented
during office hours (0800 to 1700, Mondays to Fridays,
0800 to 1230 Saturdays) suggests the possibility that
late presentation may have occurred as a consequence of
inaccessibility to medical facilities during after hours and
weekends. This factor could have partially contributed to
considerable delay in the recognition of AMI. Despite not
reaching statistical significance, our results demonstrate
consistent increased mortality and MACE with longer
delays for both symptom-to-balloon and door-to-balloon
times (Table III). The strong correlation would translate
into a likely positive association for both variables in
predicting AMI outcomes. In addition, both symptomto-balloon and door-to-balloon times did not predict
mortality after adjustment for significant covariates in
our study (Tables IV and V). Nonetheless, symptom-toballoon time has shown positive association with MACE
at both one and six months. These findings are most
likely explained by the limitation of a small sample size
with low mortality rates. A larger sample size may be
required to attain the power for differences to be detected.
The major limitation of our study is the subjective and
retrospective nature of symptom onset time as reported by
our patients. Besides, the reported times of symptom onset
were subjected to uncertainties in view of the language
barriers in a multiracial society as Singapore. Missing
data were 6.7% and 4.3% for symptom-to-balloon and
door-to-balloon times, respectively.
Reducing symptom-to-door and door-to-balloon times
can shorten symptom-to-balloon time. Educating both the
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public and healthcare providers (e.g. general practitioners,
triage nurses, paramedics) is paramount in minimising
delay in both times. Regular community symposiums to
promote public awareness of common cardiac symptoms
have been an overlooked strategy where additional efforts
are critically required. The implementation of a more
efficient clinical pathway to shorten the hospital triage
process would be useful. Pre-hospital triage can begin at
home or in the ambulance to facilitate early recognition
of STEMI. Rapid ambulance transport and early
pretreatment with pharmacological agents before primary
angioplasty are other strategies that could shorten delays
in time to primary PCI. Other emerging strategies include
the administration of pharmacological agents to facilitate
the opening of occluded arteries in transition to PCI
(“facilitated” PCI).(16,17) Pharmacological agents that are
currently evaluated in clinical trials include glycoprotein
(GP) IIb/IIIa inhibitors, fibrinolytic agents or the preprocedural administration of a combination of GP IIb/IIIa
inhibitors and reduced doses of fibrinolytic agents.
In conclusion, early presentation of patients with
STEMI to hospitals is associated with significantly lower
rate of MACE. Improving public awareness and the
accessibility of health services to patients are essential to
reducing poor outcomes. It is imperative that physicians,
hospitals, and healthcare systems work together in a
collaborative fashion to reduce symptom-to-balloon time.
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