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Abstract
Current guidelines recommend ST-elevation myocardial infarction (STEMI) patients receive
primary percutaneous coronary intervention (PCI) within 90 minutes of admission, although there
is conflicting data regarding the relationship between time to treatment and mortality in these patients.
We used logistic regression analyses employing fractional polynomial model to evaluate the
association between door-to-balloon time and one-year mortality in STEMI patients age ≥65 years
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undergoing primary PCI in 1994–96 (n=1,932). Median door-to-balloon time was 128 minutes
(interquartile range 92–178, 24.2% treated within 90 minutes). Overall one-year mortality was
21.1%. Longer door-to-balloon times were associated with higher one-year mortality in a continuous,
nonlinear fashion (30 minutes 10.9%, 60 minutes 13.6%, 90 minutes 16.5%, 120 minutes 19.5%,
150 minutes 22.5%, 180 minutes 25.3%, 210 minutes 27.9%). The nature of the association between
door-to-balloon time and one-year mortality was best modeled by a second-degree fractional
polynomial (P<0.001). Findings were similar after multivariable adjustment as any increase in door-
to-balloon time was associated with successive increases in patients’ one-year mortality (30 minutes
8.8%, 60 minutes 12.9%, 90 minutes 16.6%, 120 minutes 19.9%, 150 minutes 22.9%, 180 minutes
25.5%, 210 minutes 27.7%). In conclusion, any delay in primary PCI is associated with increased
one-year mortality, suggesting efforts should focus on reducing time to treatment as much as possible,
even among those centers currently providing primary PCI within 90 minutes.
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Introduction
Previous studies provide conflicting findings regarding the association of door-to-balloon time
and mortality in patients with ST-elevation myocardial infarction undergoing primary
percutaneous coronary intervention (PCI).1–14 To address this issue, we analyzed data from
the Cooperative Cardiovascular Project (CCP), a database containing detailed medical record
data of Medicare patients hospitalized with myocardial infarction (MI). We sought to assess
the association of door-to-balloon time and mortality up to one-year after admission in a
national sample of community-based patients undergoing primary PCI using statistical
modeling techniques that made no assumptions regarding the nature of the association between
time to treatment and mortality. We hypothesized that any increase in door-to-balloon time
would be associated with increased mortality and that this mortality risk would persist
irrespective of the length of the treatment delay.

Methods
The CCP, described in detail elsewhere,15 is a database of fee-for-service Medicare
beneficiaries who were discharged from an acute care non-governmental hospital in the United
States with a primary discharge diagnosis of acute myocardial infarction (International
Classification of Diseases, Ninth Revision, Clinical Modification [ICD-9-CM] code 410)
between January 1994 and February 1996, with the exception of myocardial infarction
readmissions (code 410.x2). Patient records were abstracted at one of two data abstraction
centers for detailed clinical information including medical history, presentation, laboratory and
electrocardiographic data, in-hospital events, treatment, and discharge disposition.

We limited our analysis to the initial admission of patients 65 years of age and older who
directly presented to the treating hospital within 12 hours of symptom onset with an initial
electrocardiogram that showed ST segment elevation or a left bundle branch block and who
subsequently underwent primary PCI (n=3,950). In order to limit sample heterogeneity, we
excluded 930 patients who first received fibrinolytic therapy and were subsequently referred
for PCI. Of the remaining 3,020 patients, time to treatment data were missing for 1,088 patients
(36.3%), leaving a final study cohort of 1,932 patients.

Door-to-balloon time was defined as the time in minutes between a patient’s arrival at the
hospital and first balloon inflation as documented in the patient’s medical record. For the
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purpose of evaluating differences in patient characteristics associated with time to treatment,
patients were divided into five groups: <60 minutes, 60–119 minutes, 120–179 minutes, 180–
239 minutes, 240 minutes and longer. For all other analyses, door-to-balloon time was modeled
as a continuous variable.

We first determined the mean, median, and distribution of time to treatment of patients in the
study cohort. Differences in patient demographic and clinical characteristics were compared
across the five door-to-balloon time groups using chi-square tests and trend analyses for
categorical variables and analyses of variance for continuous variables.

We conducted a logistic regression analysis using fractional polynomial modeling in order to
determine the specific nature of the unadjusted association between door-to-balloon time and
mortality at 30 days and one-year. Fractional polynomial modeling compares models of
different combinations of linear and non-linear transformations of door-to-balloon time in order
to identify those models which best reflect the association of time to treatment and mortality.
16 The best fitting transformations were identified by comparison of model deviances using a
chi-squared distribution on 1 degree of freedom.

Analyses were repeated adjusting for patient characteristics associated with mortality identified
from previous studies,17 including patient sex, race, age, presence of angina, time from
symptom onset to hospital arrival (<6 hours, 6–12 hours), presentation characteristics (shock,
cardiac arrest, systolic blood pressure, heart rate), electrocardiographic findings on admission
(left bundle branch block, Q wave MI, sum of ST segment elevation, infarct location), and
medical history (prior MI, cerebrovascular disease, congestive heart failure, chronic
obstructive pulmonary disease, diabetes, hypertension, smoking history, prior coronary
revascularization). Models also adjusted for the annual MI volume of the patient’s treating
hospital and the presence of on-site surgical backup.

To assess the robustness of our findings, we conducted two secondary analyses. We first
repeated analyses excluding patients who arrived in shock because time to treatment may not
be associated with mortality in patients not in shock.5 To further reduce sample heterogeneity,
we repeated analyses in the cohort of patients who experienced angina and presented within 6
hours of symptom onset.

Logistic regression models accounted for clustering of patients by hospital by using Huber-
White robust estimates of standard error.18 Statistical analyses were conducted using SAS 9.1
(SAS Institute Incorporated, Cary, North Carolina) and StataSE 8.0 (Stata Corporation, College
Station, Texas).

Results
Of the 3,020 patients who met criteria for inclusion, time to treatment data was available for
1,932 patients (63.7%). Patients with missing time to treatment data (n=1,088, 36.3%) had
similar mortality as the patients included in the study cohort at 30-days (13.8% vs. 14.4%,
p=0.65) and one-year (21.0% vs. 21.1%, p=0.95).

Median door-to-balloon time in the study cohort was 128 minutes (25th to 75th percentile, 92
minutes to 178 minutes), with 469 patients (24.3%) treated within 90 minutes of admission
(Table 1). A greater proportion of patients who had longer door-to-balloon times were women,
non-white, had a higher prevalence of comorbid conditions, were more likely to arrive more
than 6 hours after symptom onset, and, on average, older than patients with shorter times to
treatment. There were no differences in hospital characteristics among patients with different
door-to-balloon times (Table 2).
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Mortality in the study cohort was 14.4% at 30 days and 21.2% at one-year. Patients who died
within 30 days had a 26 minute longer median door-to-balloon time than those patients who
survived (150 minutes vs. 124 minutes, P<0.001). Similarly, patients who died within one year
of admission also had a 26 minute longer median door-to-balloon time than those patients who
survived the year (148 minutes vs. 122 minutes, P<0.001).

Logistic regression analysis using a second-degree fractional polynomial best modeled the
unadjusted association of door to balloon time with 30-day mortality and one-year mortality
(Figures 1A, 1B). Although the specific nature of the association between door to balloon time
and mortality differed for the 2 endpoints, each indicated an increased mortality risk associated
with any delay in time to treatment after admission (Table 3). Longer door to balloon times
continued to be associated with increased mortality at 30 days and one year after multivariable
adjustment for patient factors and hospital characteristics (Figures 2A, 2B). A second-degree
fractional polynomial continued to provide the best fit for the adjusted association of door to
balloon time and mortality at 30 days and one year (Table 3). Results were similar when
analyses were repeated among patients with angina presenting within 6 hours of symptom onset
and excluding patients who had presented in shock (data not shown).

Discussion
Our data indicate that delays in door-to-balloon time for patients with STEMI undergoing
primary PCI are associated with increased risk of mortality at 30 days and one year. Whereas
other studies have suggested that door-to-balloon time-associated mortality risks only manifest
after ≥2 hours of delay or otherwise plateau after longer periods of delay, our results indicate
that longer door-to-balloon time are associated with an immediate increase in mortality and
that this risk is present irrespective of the length of the treatment delay.

Our main finding of an increase in mortality associated with any delay in door-to-balloon time
appears to reconcile competing reports regarding the specific nature of the mortality risk
associated with delays in time to treatment.1–14 Our study suggests that the mortality risk
associated with any delay in time to treatment may be both present immediately after admission
and persist for several hours. A closer assessment of prior studies indicates that many in fact
suggest such a consistent trend of increased mortality with any delay in time to treatment. For
instance, although Cannon and colleagues report that mortality associated with longer door-
to-balloon times was only present after two or more hours of delay, there is a clear trend towards
increased mortality in patients with door-to-balloon times of 61 to 90 minutes and 91 to 120
minutes.14

Our finding of an increased mortality risk associated with delayed time to treatment in patients
undergoing primary PCI is consistent with current pathophysiological models of myocardial
infarction.19 Experimental models have demonstrated that the continuous, progressive ‘wave
front of necrosis’ is largely dependent upon the duration of ischemia. Thus, patients with longer
door-to-balloon times will experience, on average, longer periods of vessel occlusion, resulting
in more ischemia and greater necrosis than patients with shorter times to treatment. This is
reflected in poorer intermediate measures of myocardial viability including decreased
myocardial perfusion, smaller ST segment resolution, less myocardial salvage and diminished
left ventricular function.20

We believe our study’s finding that every minute of delay in treatment is associated with an
increased risk of one-year mortality has important implications for clinical practice. Notably,
efforts to further reduce door to balloon times, even below the 90 minute benchmark currently
recommended by clinical practice guidelines,21 offer the potential to significantly reduce
patient mortality. For instance, our data suggest that reducing average time to treatment from
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90 minutes to 60 minutes may reduce one-year mortality by as much as 3.7% (16.6% to 12.9%).
A further 30 minute reduction in average time to treatment to 30 minutes offers the potential
of an additional 4.1% reduction (12.9% to 8.1%) in one-year mortality, underscoring the non-
linear relationship between time to treatment and mortality. Rather than accepting a 90 minute
door to balloon time benchmark for primary PCI, our data suggest we instead adopt an ‘as soon
as possible’ standard for patients undergoing primary PCI.

Our study has several limitations that merit consideration. First, we were unable to assess the
association of time from symptom onset to hospital arrival and mortality or the association of
total ischemic time to mortality. We attempted to limit this effect by conducting a secondary
analysis restricted to patients who presented within 6 hours of symptom onset and found our
results were similar. Further, robust assessment of time from symptom onset to hospital
admission may be problematic in that these times necessarily rely on patient report and thus
cannot be independently verified, whereas door to balloon times are likely more accurately
recorded. Second, 1,088 patients eligible for inclusion in the study cohort were excluded due
to lack of time to treatment data. However, similarity of 30-day and one-year mortality rates
in this group of patients with those patients with available time to treatment data suggests no
apparent selection bias. Third, our analysis is based on patients treated between 1994 and 1996
and thus may not reflect newer technologies, including use of stents and glycoprotein IIb/IIIa
inhibitors. However, stents and glycoprotein IIb/IIIa inhibitors have not been demonstrated to
reduce mortality in patients undergoing primary PCI.22,23 Fifth, our analysis was based on a
non-randomized observational cohort design, thus our findings may be attributable to biases
introduced by unmeasured factors. Finally, the CCP database consisted of elderly patients, and
thus our findings may not be generalizable to younger patients undergoing primary PCI for
STEMI. However, characterizing the association of time to treatment and mortality for elderly
patients receiving primary PCI may be beneficial because of their increased risk for delays in
time to treatment.24
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Figure 1.
Figure 1A. Unadjusted association of door-to-balloon time and 30-day mortality
Figure 1B. Unadjusted association of door-to-balloon time and one-year mortality
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Figure 2.
Figure 2A. Adjusted association of door-to-balloon time and 30-day mortality
Figure 2B. Adjusted association of door-to-balloon time and one-year mortality
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Table 1

Distribution of door-to-balloon time (n=1932)

Time (minutes) N (proportion of cohort)

≤30 15 (0.8%)
31–60 96 (5.0%)
61–90 358 (18.5%)
91–120 400 (20.7%)
121–150 372 (19.2%)
151–180 227 (11.8%)
181–210 146 (7.6%)
211–240 78 (4.0%)
≥241 240 (12.4%)
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