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Abstract

Background—We studied the relationship between longer delays from symptom onset to hospital
presentation and the use of any reperfusion therapy, door-to-balloon time, and door-to-drug time.

Methods—Cohort study of patients with ST-elevation myocardial infarction enrolled in the
National Registry of Myocardial Infarction from January 1, 1995 to December 31, 2004. Delay in
hospital presentation was categorized into 1 hour intervals as <1 hour, >1 to 2 hours, >2 to 3 hours,
etc., and >11 to 12 hours. The study analyzed 3 groups: 440,398 patients for the association between
delay and use of any reperfusion therapy; 67,207 patients for the association between delay and door-
to-balloon time; 183,441 patients for the association between delay and door-to-drug time.

Results—In adjusted analyses, patients with longer delays between symptom onset and hospital
presentation were less likely to receive any reperfusion therapy, had longer door-to-balloon times,
and had longer door-to-needle times (all p<0.0001 for linear trend). For patients presenting <1 hour,
>1to 2 hours, and >2 to 3 hours, >9 to 10 hours, >10 to 11 hours, and >11 to 12 hours after symptom
onset, the use of any reperfusion therapy were 77%, 77%, 73%, 53%, 50%, and 46% respectively;
door-to-balloon times were 99, 101, 106, 123, 125, and 123 minutes respectively; door-to-drug times
were 33, 34, 36, 46, 44, and 47 minutes respectively.

Conclusions—Longer delays from symptom onset to hospital presentation were associated with
reduced likelihood of receiving primary reperfusion therapy, and even among those treated, late
presenters had significantly longer door-to-balloon and door-to-drug times.
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Introduction

Methods

Timely reperfusion therapy with fibrinolytic therapy or primary percutaneous coronary
intervention reduces infarct size and adverse clinical consequences, including mortality, for
patient with ST-elevation myocardial infarction. =11 The guidelines state that patients with
ST-elevation myocardial infarction who present within 12 hours from onset of symptoms
should be treated with reperfusion therapy and target a door-to-balloon time <90 minutes and
door-to-drug time <30 minutes.12 Recently, quality improvement initiatives have focused
attention on where hospital delays occur and strategies to reduce door-to-balloon time.13-14

Rapid and appropriate treatment with reperfusion therapy, in accordance with the guidelines,
requires a consistent approach to all eligible patients. In particular, patients who are eligible
for reperfusion therapy but who present later after the onset of symptoms may not elicit the
same response from the health care system. According to the guidelines, recommendations for
reperfusion therapy are not different for patients with ST-elevation myocardial infarction
presenting earlier versus later within the 12 hours interval after the onset of symptoms.12
However, whether patients presenting later in the interval are less likely to be treated with
reperfusion therapy is not known. Moreover, among those who are treated, whether there is
less urgency associated with their care, resulting in longer door-to-balloon and door-to-drug
times has not been documented. If present, these gaps may contribute to worse outcomes in
late presenting patients. Knowledge of these patterns would emphasize the importance of
earlier presentation and focus attention on logistical and system issues that contribute to lower
use of any reperfusion therapy and longer delays in treatment for patients presenting later after
the onset of symptoms.

To address these issues, we undertook a study to evaluate the relationship between longer
delays from symptom onset to hospital presentation and the use of any reperfusion therapy,
door-to-balloon time, and door-to-drug time among patients with ST-elevation myocardial
infarction between 1995 to 2004 from National Registry of Myocardial Infarction. This
database is ideally positioned to address this question because it is comprised of contemporary,
diverse, and national data.

Study Design and Sample

The study sample included patients enrolled in National Registry of Myocardial Infarction, a
voluntary, prospective registry of patients with acute myocardial infarction, from January 1,
1995 to December 31, 2004. Participating hospitals, data collection methods, verification
methods, and reliability have been previously described.15-16 Criteria for diagnosis of acute
myocardial infarction used the International Classification of Diseases, 9" Revision, Clinical
Modifications discharge diagnosis code of 410.X1 and was confirmed with one of the following
criteria: (1) two-fold or greater elevation of cardiac biomarkers; (2) electrocardiogram
evidence; and (3) echocardiographic, scintigraphic, or autopsy evidence. Participating
hospitals, if required, obtained Institutional Review Board approval for data abstraction.

During our study period from 1995 to 2004, there were 1,926,108 admissions for acute
myocardial infarction. The following patients were excluded sequentially: patients who did
not have new or presumed new ST-segment elevation in 2 or more leads or left bundle branch
block on the first electrocardiogram (n=1,161,187); patients who developed symptoms for
acute myocardial infarction after hospital admission date and time (n=14,433); patients who
had an unknown time of symptom onset (n=173,051); patients who had a first
electrocardiogram time that was not the diagnostic electrocardiogram time for ST-elevation
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myocardial infarction (n=71,842); patients who had an unknown time of first
electrocardiogram (n=23,268); and patients who had a delay from symptom onset to hospital
arrival >12 hours (n=41,929). The remaining group of 440,398 patients with ST-elevation
myocardial infarction who presented to the hospital within <12 hours from symptom onset
comprised our study population for the analysis of the association between delay and use of
any reperfusion therapy.

Toanalyze the relationship between delay in hospital presentation and timeliness of reperfusion
therapy, the following patients were additionally excluded from the previous study population:
patients who were transferred-in from another hospital (n=98,064) and patients who received
reperfusion therapy >12 hours after hospital arrival (n=2,491). Then, patients who did not
receive primary percutaneous coronary intervention (n=272,636) were excluded to create a
study group of 67,207 patients to analyze the association between delay and door-to-balloon
time. Similarly, patients who did not receive fibrinolytic therapy (n=156,402) were excluded
to create a study group of 183,441 patients to analyze the association between delay and door-
to-drug time.

Data Collection and Measures

Delay in hospital presentation was calculated from the documented date and time of symptom
onset to the documented date and time of hospital arrival. Use of any reperfusion was defined
as receiving either fibrinolytic therapy or primary percutaneous coronary intervention as a
primary reperfusion strategy within <12 hours of hospital arrival. Door-to-balloon time was
defined as time from hospital arrival to first balloon inflation and door-to-drug time was defined
as time from hospital arrival to administration of fibrinolytic therapy. For the outcomes of door-
to-balloon time and door-to-drug time, we log transformed the outcome measures and
performed parametric analysis because their distributions were skewed. To improve the clinical
interpretability of the results, we converted the logged values from the models back to their
original units, i.e., minutes, using geometric means< /=18 and simulation with 10,000
reiterations.19 The geometric mean gives less weight to outlying values and thus better reflects
the median as compared with the arithmetic mean.

To evaluate the independent effect of delay in hospital presentation on use of any reperfusion,
door-to-balloon time, door-to-drug time, and in-hospital mortality, we adjusted for the
following patient and hospital variables. Patient variables included: sociodemographic (age;
gender; race/ethnicity classified as white, Black, Hispanic, Asian, and other; and payer type
categorized as commercial insurance, Medicare only, Medicare and any other insurance,
Medicaid or self pay, and other); medical history (current smoker, diabetes, hypertension,
hypercholesterolemia, family history of coronary artery disease, prior myocardial infarction,
prior congestive heart failure, prior percutaneous coronary intervention, prior coronary artery
bypass surgery, prior stroke, prior angina, absence of chest pain at presentation, congestive
heart failure at time of presentation, cardiogenic shock at presentation, systolic blood pressure
<90 mmHg at presentation, heart rate >100 beats per minute at presentation); time of day and
day of week at presentation (weekdays were defined as Monday to Friday and included daytime
from >8am- 4pm, evening from >4pm-12midnight, and night from >12 midnight-8am;
weekends were defined as Saturday and Sunday and included daytime from >8am-4pm,
evening from >4pm-12midnight, and night from >12 midnight-8am). Hospital variables
included: U.S. census region (West, South, Midwest, Northeast), teaching hospitals defined as
participation in an accredited residency or fellowship training program, and type of cardiac
facilities (interventional, interventional without surgery on site, invasive but not interventional,
and non-invasive). All these variables were selected based on their clinical and statistical
significance from previous studies. 11,20~
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Statistical Analyses

Results

For the outcomes of door-to-balloon time and door-to-drug time as a function of delay in
hospital presentation, multivariable generalized linear models were constructed for each
outcome to estimate the associations between delay in hospital presentation adjusted for all
patient and hospital characteristics. The time from symptom onset to hospital presentation was
categorized into 1 hour intervals as <1 hour, >1 to 2 hours, >2 to 3 hours, etc., and >11 to 12
hours. By introducing 11 dummy variables representing these categories into the generalized
linear models (with the first category as reference group), we estimated the unadjusted
outcomes and adjusted outcomes in these categories. We constructed the test of overall
differences and also linear trend in outcomes among these categories in the models.

For the outcome of use of any reperfusion, multivariable logistic regression models were
constructed to estimate the associations between delay in hospital presentation adjusted for all
patient and hospital characteristics. The multivariate models were repeated after excluding
patients who were transferred in from another hospital and after excluding patients who had
documented contraindications to fibrinolytic therapy or who were treated with emergent
coronary artery bypass surgery. These results were not reported separately because the
direction and magnitude of the effects were similar to the prior analyses and did not change
the conclusions.

For the outcome of in-hospital mortality, multivariable logistic regression models were
constructed in the group of patients who were treated with primary percutaneous coronary
intervention and in the group who were treated fibrinolytic therapy as the primary reperfusion
strategy, and the associations between delay in hospital presentation and in-hospital mortality
were estimated and adjusted for all patient and hospital characteristics as well as door-to-
balloon time or door-to-drug time respectively.

Statistical analyses were performed using SAS versions 9.1 (SAS, Inc, Cary, NC) and Stata
version 8.0 (Stata Corp, College Station, TX).

Study Population

Baseline characteristics of the 3 groups, namely for the use of any reperfusion therapy, those
treated with primary percutaneous coronary intervention, and those treated with fibrinolytic
therapy are shown in Table 1. Patient and hospital characteristics were generally similar for
all 3 groups with a majority being younger (age <70 years), men, and white patients. Diabetic
patients comprised 18% to 21% and those with prior myocardial infarction comprised 17% to
19%. Patients treated with primary percutaneous coronary intervention were more likely to be
treated during weekday daytime hours 8am-4pm (41%) or have cardiogenic shock (3%) as
compared with patients treated with fibrinolytic therapy during weekday daytime (29%) or
have cardiogenic shock (1%).

Multivariable Analysis of Delay and Use of Any Reperfusion

In adjusted analyses, patients with longer times between symptom onset and hospital
presentation were significantly less likely to receive any reperfusion therapy (Figure 1,
p<0.0001 for linear trend). For early presenters with times from symptom onset to hospital
presentation of <1 hour, >1 to 2 hours, and >2 to 3 hours, patients with ST-elevation myocardial
infarction were treated with any reperfusion therapy in 77% (reference group), 77% (odds ratio
1.0, p=0.81), and 73% (odds ratio 0.88, p<0.0001) respectively. In late presenters with times
>9 to 10 hours, >10 to 11 hours, and >11 to 12 hours, the use of any reperfusion therapy was
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53% (odds ratio 0.36, p<0.0001), 50% (odds ratio 0.33, p<0.0001), and 46% (odds ratio 0.27,
p<0.0001) respectively.

Multivariable Analysis of Delay and Timeliness of Reperfusion Therapy

In adjusted analyses, among patients who were treated with primary percutaneous coronary
intervention, those with longer time from symptom onset to hospital presentation had
significantly longer door-to-balloon times (Figure 2, p<0.0001 for linear trend). For early
presenters with times from symptom onset to hospital presentation of <1 hour, >1 to 2 hours,
and >2 to 3 hours, patients were treated with door-to-balloon times of 99, 101, 106 minutes
respectively. In late presenters with times of >9 to 10 hours, >10 to 11 hours, and >11 to 12
hours, door-to-balloon times were 123, 125, and 123 minutes respectively.

Among patients who received fibrinolytic therapy, those with longer delay in hospital
presentation also had significantly longer door-to-drug times (Figures 3, p<0.0001 for linear
trend). For time intervals from symptom onset to hospital presentation of <1 hour, >1 to 2
hours, >2 to 3 hours, >9 to 10 hours, >10 to 11 hours, and >11 to 12 hours, patients were treated
with door-to-drug times of 33, 34, 36, 46, 44, and 47 minutes respectively.

Multivariable Analysis of Delay and In-hospital Mortality

Among patients with ST-elevation myocardial infarction treated with primary percutaneous
coronary intervention, the time interval from symptom onset to hospital presentation was
associated with increased in-hospital mortality even after adjusting for door-to-balloon time
(Figure 4, p<0.0001 for linear trend). For early presenters with times from symptom onset to
hospital presentation of <1 hour, >1 to 2 hours, and >2 to 3 hours, in-hospital mortality rates
were 4.9% (reference group), 4.0% (odds ratio 0.82, p<0.0001), and 4.0% (odds ratio 0.76,
p<0.0001) respectively. In comparison, late presenters with times >9 to 10 hours, >10 to 11
hours, and >11 to 12 hours had in-hospital mortality rates of 5.4% (odds ratio 0.91, p=0.62),
6.9% (odds ratio 1.2, p=0.34), and 6.6% (odds ratio 1.2, p=0.37) respectively.

Among patients with ST-elevation myocardial infarction treated with fibrinolytic therapy, the
time interval from symptom onset to hospital presentation was associated with increased in-
hospital mortality even after adjusting for door-to-drug time (Figure 5, p<0.0001 for linear
trend). For early presenters with times from symptom onset to hospital presentation of <1 hour,
>1to 2 hours, and >2 to 3 hours, in-hospital mortality rates were 4.1% (reference group), 4.1%
(odds ratio 0.93, p=0.022), and 4.8% (odds ratio 0.98, p=0.52) respectively. In comparison,
late presenters with times of >9 to 10 hours, >10 to 11 hours, and >11 to 12 hours had in-
hospital mortality rates of 7.1% (odds ratio 1.5, p<0.0001), 6.7% (odds ratio 1.3, p=0.067),
and 6.3% (odds ratio 1.2, p=0.17) respectively.

Discussion

In our study of patients with ST-elevation myocardial infarction spanning a 10 year period
(1995-2004), we found that longer time intervals from symptom onset to hospital presentation
were associated with reduced likelihood of receiving primary reperfusion therapy, and even
among those treated, late presenters had significantly longer door-to-balloon and door-to-drug
times. Although guidelines state that patients with ST-elevation myocardial infarction who
present within 12 hours after onset of symptoms should be treated with rapid reperfusion
therapy, we found longer times to hospital presentation may contribute to downstream hospital
delays in administration of reperfusion therapy and consequently, delay may represent a novel
risk factor associated with poorer quality of hospital care for ST-elevation myocardial
infarction.
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Our study is the largest contemporary report of the relationship between time from symptom
onset to hospital presentation and subsequent treatment with and timeliness of reperfusion
therapy and advances the existing research in several respects. Previous studles have shown
that patients with longer door-to-balloon times6,11 , longer door-to- drug times2, and longer
total ischemic times between symptom onset and reperfu5|on therapy were assomated with
higher in-hospital mortality rates. However, our study is the first to demonstrate the
independent effect of longer time intervals from symptom onset to hospital presentation among
patients with ST-elevation myocardial infarction. We demonstrated that longer times to
hospital presentation were associated with significantly lower use of any reperfusion therapy,
longer door-to-balloon times, and longer door-to-drug times. The novel finding from our study
is that longer times to hospital presentation is a risk factor for additional downstream hospital
delays in treatment with and timeliness of any reperfusion therapy.

Furthermore, among patients treated with primary percutaneous coronary intervention or
fibrinolytic therapy, longer times to hospital presentation were associated with increased in-
hospital mortality rates, even after adjusting for other clinical factors and door-to-balloon time
or door-to-drug time respectively. The high mortality rates observed among patients presenting
within <2 hours of symptom onset may represent those who are at highest clinical risk such as
those with cardiogenic shock. Despite the survival bias among late presenters (some late
presenters who died out of hospital would not be included in this observational registry), there
was still a linear trend for increased mortality rates among patients who presented late.

Possible explanations for the relationship between delay in hospital presentation and use of
any reperfusion and timeliness of reperfusion therapy include: (a) patients who present early
after onset of symptoms may elicit more urgency from providers to initiate reperfusion therapy;
and (b) patients who present late may exhibit more atypical or no symptoms which
subsequently lead to missed or late diagnosis as well as confusion or reluctance to administer
reperfusion therapy. Among patients with ST-elevation myocardial infarction eligible to
receive reperfusion, an optimal system of care should not exclude patients from reperfusion
therapy or incur incremental delays in door-to-balloon or door-to-drug times simply because
of longer times to hospital presentation.

Recently, there is great interest in strategies to reduce door-to-balloon time13 and to develop
systems of care to transfer and increase number of patients who are ellalble to receive primary
percutaneous coronary intervention across large geographic regions.~™ These innovative
approaches have focused on coordinating and streamlining processes within a hospital and
between hospital networks to reduce door-to-balloon time. In concert with these initiatives,
reliable systems that deliver timely reperfusion to all eligible ST-elevation myocardial
infarction patients should be developed regardless of the duration of delay in hospital
presentation.zz‘23 With the knowledge that delay in hospital presentation negatively impacts
use of any and timeliness in administering reperfusion therapy, attention should be focused on
logistical and system issues for providers and patients. Providers should seek to eliminate
hospital delays in reperfusion therapy for patients who present late after the onset of symptoms.
Moreover, it WI|| also be important to understand which patient groups are at greatest risk for
longer delays —27 as well as to evaluate novel interventions aimed at reducing delays in
hospital presentation.
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Figure 1.
Delay in Hospital Presentation and Use of Any Reperfusion Therapy
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Delay in Hospital Presentation and Door-to-Balloon Time
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Figure 4A. Delay in Hospital Presentation and In-Hospital Mortality Among Patients Treated
with Primary PCI

Figure 4B. Delay in Hospital Presentation and In-Hospital Mortality Among Patients Treated
with Fibrinolytic Therapy
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