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Abstract

Rapid reperfusion reduces infarct size and mortality for acute coronary syndrome (ACS), but 

efficacy is time dependent. The aim of this study was to determine if transportation factors and 

clinical presentation predicted prehospital delay for suspected ACS, stratified by final diagnosis 

(ACS vs. no ACS). A heterogeneous sample of emergency department (ED) patients with 

symptoms suggestive of ACS were enrolled at five U.S. sites. Accelerated failure time models 

were used to specify a direct relationship between delay time and variables to predict prehospital 

delay by final diagnosis. Enrolled were 609 (62.5%) men and 366 (37.5%) women, predominantly 

Caucasian (69.1%), with a mean age of 60.32 (±14.07) years. Median delay time was 6.68 (CI 
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1.91, 24.94) hours; only 26.2% had a prehospital delay of 2 hours or less. Patients presenting with 

unusual fatigue (TR=1.71, p=0.002; TR=1.54, p=0.003, respectively) or self-transporting to the 

ED experienced significantly longer prehospital delay (TR 1.93, p<0.001; TR 1.71, p<0.001, 

respectively). Predictors of shorter delay in patients with ACS were shoulder pain and 

lightheadedness (TR=0.65, p=0.013 and TR=0.67, p=0.022, respectively). Predictors of shorter 

delay for patients ruled out for ACS were chest pain and sweating (TR=0.071, p=0.025 and 

TR=0.073, p=0.032, respectively). Patients self-transporting to the ED had prolonged prehospital 

delays. Encouraging the use of EMS is important for patients with possible ACS symptoms. 

Calling 911 can be positively framed to at-risk patients and the community as having advanced 

care come to them since EMS capabilities include 12-lead ECG acquisition and possibly high 

sensitivity troponin assays.
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Introduction

Acute coronary syndrome (ACS), particularly ST-elevation myocardial infarction (STEMI), 

is a potentially life-threatening, time-critical emergency. The goal of treatment is reduction 

of total ischemic time, and studies have documented that rapid reperfusion reduces infarct 

size and mortality.1, 2 Currently, guidelines recommend a door-to-balloon time of <90 

minutes for walk-in patients and those transported by emergency medical services (EMS), 

and <120 minutes for interhospital transfers.3 In the United States, these goals have largely 

been met or exceeded4 following major initiatives such as the American College of 

Cardiology’s D2B Alliance and the American Heart Association’s Mission: Lifeline 

programs.5 There has not, however, been a concomitant reduction in overall delay-to-

treatment time, suggesting that prehospital rather than in-hospital delay is now a more 

relevant contributor to poorer patient outcomes. Accordingly, patient-controlled prehospital 

delay time is now the most salient and challenging target for reduction.6 Multiple individual 

and transportation factors have been implicated in prehospital delay for potential ACS, in 

some cases with contradictory findings.

Individual Factors Influencing Prehospital Delay

Demographic factors, including older age, female sex,7-11 income,11 and Black race12 or 

Latino ethnicity have been associated with longer prehospital delay times in some studies. 

Persons with diabetes, who often present with symptoms other than chest pain, have also 

been known to have longer prehospital delay times. Health insurance status has been linked 

to treatment-seeking delay in diverse populations, including those with ACS. ACS patients 

with no insurance and those with Medicaid have been shown to be more likely than those 

with private insurance to delay seeking care for symptoms.13 Similarly, in several studies, 

lower household income, low socioeconomic status,13 and financial concerns about 

treament1 have been linked to longer prehospital delay times in patients with definite or 
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probable ACS. Conversely, Noureddine et al. reported that higher income was associated 

with longer delay times in their study.14

The presence of underlying comorbid conditions has been linked to a reduction in 

revascularization procedures,15 perceived disease severity,16 and readmission to the ED.17 

There are conflicting findings regarding the relationship between a history of heart disease 

and prehospital delay. Ironically, some studies show that patients with a history of heart 

disease actually delay longer, although these findings have not been consistent.18, 19 Sullivan 

et al. found that patients with no history of heart disease delayed longer,20 whereas Sari and 

colleagues showed that patients with a history of heart disease had shorter delay times.21 

Also, little is known about the significance or timing of symptom onset upon arrival to the 

ED. The peak time for the onset of ACS has been reported to be between 6 AM and 12 PM.
22-24

Transportation Factors

Despite recommendations to activate EMS for potential ACS symptoms within 5 minutes of 

symptom onset,25 a substantial number of patients with potential ACS arrive to the ED via 

personal vehicle or public transportation. In the Rapid Early Action for Coronary Treatment 

(REACT) trial, EMS use was significantly increased through the use of public health 

messaging, but prehospital delay (time of symptom onset to ED arrival) did not decrease as 

patients did not call EMS more quickly.26 Marijon et al. found that calling EMS in response 

to symptoms was associated with a 32.1% versus 6% (p<.001) survival rate compared to 

those who did not call EMS

The objective of this study was to identify predictors of prehospital delay, defined here as 

time of symptom onset to arrival in the ED, for suspected ACS by final diagnosis (ACS vs. 

no ACS), including patient, timing of symptom onset, and transportation factors (EMS vs. 

self-transport). We hypothesized that there are individual and external factors that contribute 

to prehospital delay in patients with suspected ACS presentations.

Methods

Design, Sample, and Setting

This was a secondary analysis of data from the Think Symptoms study.27 We used the 

methodological structure for secondary analyses of existing data proposed by Doolan & 

Froelicher28 to guide the design of the study. The Think Symptoms study was a prospective 

study that enrolled patients presenting to the ED with symptoms suggestive of ACS. Patients 

were enrolled in the study from January, 2011 to December, 2014. Aims were to evaluate for 

sex differences in the occurrence, severity, and distress of ACS symptoms and establish the 

sensitivity, specificity, and predictive value of each symptom as an indicator of ACS for 

women and men. Data were collected directly from patients in the ED and abstracted from 

their medical record. Symptoms were measured with the 13-item ACS Symptoms Checklist.
29 Symptoms are recorded as present or absent. Time and place of symptom onset, clinical 

characteristics, diagnostic testing, and functional status were also measured. Prehospital 

delay time was calculated by subtracting the time of symptom onset from the time of 
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registration in the ED. While time from symptom onset to first medical contact (within the 

control of the patient) is now the accepted definition of prehospital delay, we did not have 

data on first medical contact for patients who called EMS. Therefore, we used time of 

registration in the ED in calculating prehospital delay. Time was rounded to the nearest 

quarter hour. For example, if the patient was registered in the ED at 11:07 AM and stated that 

their symptoms began at 8:15 AM, total delay time was recorded as 2 hours and 45 minutes. 

If the patient was registered at 11:08 AM, total delay time was recorded as 3 hours.

The original dataset included 1064 patients, 400 women and 664 men, from four academic 

and one nonacademic medical center in four distinct regions of the United States. 

Characteristics of the original cohort included 474 patients ruled-in for ACS and 590 

patients ruled-out for ACS with an age range from 21-98. The participants were 69% 

Caucasian and 31% minority group members.

Data Quality

Rigorous quality control and transparency measures were addressed through design, peer-

review processes, and comparison of our findings to the literature. During the design phase 

of the study, we used the STrengthening the Reporting of OBservational Studies in 

Epidemiology (STROBE) Guidelines30 as a blueprint for helping to ensure the rigor and 

transparency of our dataset. This included a strong scientific rationale, clear objectives, 

detailed methods, identification of data sources, assessment of bias, sample size, 

heterogeneous sample, statistical methods, descriptive data, outcomes data, and the funding 

source.31 The original study was approved by the institutional review boards (IRBs) of the 

sponsoring institutions and all clinical sites. This study received IRB exemptions from the 

sponsoring institutions. Finally, to ensure transparency, we have made our data available to 

other investigators32 and will continue to do so in the future.

Statistical Analyses

Data files were carefully built using the SPSS (Chicago, IL) statistical package. The data 

were systematically examined for out-of-range values, missing data, and data inconsistencies 

and double entered into SPSS for accuracy. Significance was set at p<0.05 for all statistical 

tests. Analyses included descriptive statistics on delay time and possible predictors for the 

sample as a whole and separately for patients ruled in and those ruled out for ACS. Chi-

square tests, Wilcoxon rank sum tests, or t tests, as appropriate to distributional 

characteristics, were used to describe simple differences between ACS and non-ACS groups 

for each possible predictor.

To evaluate predictors of delay time, we used an accelerated failure time (AFT) model, a 

parametric model for survival analysis, which specifies a direct relationship between delay 

time and the possible predictors. The log-normal error distribution was selected based on 

likelihood ratio tests. For ACS patients, the log likelihood (LL) for the lognormal model was 

−1605.5 (vs. −1992.0 to −1617.9 for other distributions). For patients without ACS, the LL 

for the lognormal model was −2037.8 (vs. −2508.6 to −2049.3 for other distributions). The 

results of the AFT provide time ratios (TR), computed as exponential (β coefficients), 

allowing ready interpretation of results. A TR of more than 1 for a predictor indicates that 
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the characteristic is associated with a longer delay time; a TR of less than 1 indicates a 

shorter delay time.

For parsimony, a two-stage estimation procedure was used. As a preliminary step, 

unconditional relationships were estimated for each of the 19 possible predictors considered 

for this analysis. Those with p<0.25 for either the ACS or non-ACS subgroup in 

unconditional relationships were included in a multivariable model. In order to explore 

predictors for patients ruled in and those ruled out for ACS, models were estimated 

separately for the two groups. A sensitivity analysis was completed by applying linear 

regression on the log transformed delay time; results were equivalent to those of the AFT 

model. However, coefficients (relating to predicting the log of delay time) were not as easily 

interpretable in the linear regression model and appear in Supplemental Table 1.

Results

Sample Description

The sample was 62.5% male, 69.1% Caucasian and had a mean age of 60 years; 66.4% had 

income levels of $50,000 or less, and most had some health coverage (including 32% with 

private insurance through an employer, 34% with Medicare, and 22% with other insurance, 

primarily Medicaid). The most prevalent symptoms at presentation to the ED were chest 

discomfort (70%), chest pain (69%), chest pressure (65%), and shortness of breath (56%). 

The least prevalent symptoms were indigestion (24%), palpitations (26%), and upper back 

pain (27%). Detailed characteristics of the study cohort are described in Table 1.

Differences in Prehospital Delay and Transportation Factors by Diagnosis

The median delay time was 6.68 hours for the sample as a whole; 26.2% had a delay time of 

2 hours or less. Arrival times at the ED were predominantly during the daytime. Thirty-eight 

percent of patients presented between 6 AM and 12 PM and 37.4% arrived between 12 PM and 

6 PM. Mode of arrival was more often by self-transport (53.6%). Only 44.4% of patients 

arrived by EMS and 2% were interhospital transfers. While patients with and without ACS 

did not differ significantly in delay time or mode of arrival to the ED, they did differ in the 

time of arrival, with a greater percentage of patients with ACS arriving in the evening and 

nighttime hours (6 PM-6 AM) compared to patients ruled out for ACS (31.7% vs. 18.0%). 

Further, when time of arrival to the ED was divided into 6-hour increments, patients arriving 

between the hours of 12 AM and 5:59 AM with or without ACS had shorter delays time 

compared to all other times (Supplemental Tables 4 and 5). Patients ruled out for ACS, 

transported by EMS, had a median delay time that was shorter than those who self-

transported or were transferred from another facility (Supplemental Table 6). We then 

examined diagnosis and EMS use between those presenting to the ED during the day versus 

night. Those arriving between 6pm and 6am were more likely to have arrived by EMS 

compared to those arriving between 6am and 6pm (56% vs 42%; χ2=13.59, p<.001). This 

pattern was true for those ruled in and ruled out for ACS. Fifty-seven percent of ACS 

patients arriving at night came via EMS compared to 43% during the day. Fifty-four percent 

of patients ruled out for ACS arrived via EMS at night vs. 41% during the day. The two 

groups also differed significantly on several clinical characteristics, including age (ACS 
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older than non-ACS group), sex (more males in ACS group), and income (ACS had higher 

income than non-ACS group), and on symptoms, including chest pain and arm pain 

(reported more often with ACS than non-ACS group), and lightheadedness, shortness of 

breath, unusual fatigue, and palpitations (reported less often by ACS than non-ACS group).

Predictors of Delay Time

In the multivariable model, significant predictors included selected symptoms and mode of 

arrival. For ACS patients, those with shoulder pain or lightheadedness had approximately 

30% shorter prehospital delay times compared to those not reporting these symptoms 

(TR=0.65, p=0.013 and TR=0.67, p=0.022, respectively; Table 2). ACS patients presenting 

with unusual fatigue experienced significantly longer delay than those without this symptom 

(TR=1.71, p=0.002). Importantly, ACS patients arriving by EMS had delay times 

approximately 50% shorter than those arriving by self-transport (TR=0.52, p<0.001), and 

those transferring from another facility also had significantly shorter delay times than those 

arriving by self-transport (TR=0.34, p=0.018).

For patients ruled out for ACS, those with chest pain or sweating had nearly a 25% shorter 

delay time compared to those without these symptoms (TR=0.71, p=0.025 and TR=0.73, 

p=0.032, respectively; Table 3). Patients without ACS complaining of unusual fatigue or 

indigestion had longer delay times (TR=1.54, p=0.003 and TR=1.37, p=0.045, respectively). 

Patients ruled out for ACS who arrived by EMS also had shorter delay times (TR=0.58, 

p<0.001) compared to those self-transporting. Likelihood ratio tests indicated that models 

for both groups were significantly better than an intercept-only model. However, 

McFadden’s R2 indicated that the models were relatively low in predictive capability (0.017 

and 0.014 for ACS and non-ACS groups, respectively) indicating that there were likely other 

factors contributing to prehospital delay that were not measured in the study.

Exploratory Analysis

A minority of patients (26.2%) had a delay time of 2 hours or less; therefore, we performed 

an exploratory analysis and stratified participants into two groups, those who arrived to the 

ED more than 2 hours after symptom onset and those who arrived in 2 hours or less, to 

further explore differences in delay times (Supplemental Table 2). There were far more 

similarities in demographic characteristics and symptoms between groups. Patients were 

more likely to experience delays lasting more than 2 hours if they reported unusual fatigue 

or self-transported to the hospital. A history of diabetes was also associated with a delay > 2 

hours; however, this difference did not meet statistical significance (p=0.051). When we 

conducted further regression modeling by diagnosis, we found that patients ruled in for ACS 

delayed longer if they reported lightheadedness and self-transported to the hospital 

(Supplemental Table 2). Lastly, those ruled out for ACS delayed longer if they experienced 

unusual fatigue and self-transported to the hospital (Supplemental Table 3).

Discussion

The aims of this study were to identify predictors of prehospital delay for suspected ACS, 

stratified by final diagnosis (ACS vs. no ACS), by examining patient, timing of event, and 
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transportation factors. We hypothesized that there are individual and external factors that 

contribute to prehospital delay in suspected ACS that vary by diagnosis. Key findings 

included that patients delay too long in presenting to the ED and that patients with ACS had 

significantly shorter delay when experiencing shoulder pain or lightheadedness and 

significantly longer delay if experiencing unusual fatigue. No symptoms were defined for 

the patients, patients simply responded yes or no to whether they experienced each of the 13 

symptom. However, when developing the 13-item ACS Symptoms Checklist, we 

purposefully used the term “unusual” fatigue to denote serious and debilitating fatigue. 

McSweeney and colleagues noted in their study of prodromal myocardial infarction 

symptoms that women described fatigue as “so severe that they could not make a bed 

without resting.”33 This is the concept of fatigue that we tried to capture. Patients ruled out 

for ACS had a significantly shorter delay if they reported chest pain or sweating and a 

significantly longer delay if they reported indigestion. Importantly, patients ruled in and 

ruled out for ACS had a significantly shorter prehospital delay if they were transported via 

EMS.

Prehospital Delay Time

The length of time a patient takes to seek care for symptoms suggestive of ACS is critical to 

eligibility for reperfusion,34 reperfusion success,35 recovery,36 and long-term outcomes.37, 38 

Median delay time of 6.68 hours is excessively long and exceeds guidelines from the 

American Heart Association, the American College of Cardiology, and the European Society 

of Cardiology.39, 40 In addition, only 26.2% of patients had a delay time of 2 hours or less. 

Frisch et al. found that 54% of patients, with and without ACS, sought treatment within the 

2-hour window of symptom onset; however, their study focused solely on high-risk chest 

pain patients transported by EMS.41 These results confirm the need to shift our focus on 

prehospital delay now that in-hospital delay factors have been largely addressed 4 Other 

factors relevant to reducing prehospital delay include irreversible myocardial tissue necrosis 

during this critical period42, a fragmented healthcare system, and high hospital costs and 

insurance premiums.43 For example, EMS transport charges between $600 and $2500 

dollars, the average ED work-up for chest pain runs in the range of $2000 if the patient is 

ruled out for ACS and is much higher for those individuals that rule in for ACS.44

Patient Characteristics by Diagnosis

Patients Ruled In for ACS.—Patients with ACS complaining of unusual fatigue had 

longer delay times (TR=1.71, p=0.002). Other studies have found that patients with 

symptoms of ischemic heart disease, such as weakness or fatigue, as opposed to chest pain, 

have longer prehospital delay.41 In addition, pain that the patient labeled as “epigastric” was 

most commonly attributed to noncardiac causes among those with ACS.45 It may be that the 

patient’s interpretation of symptoms as being not serious and/or the attribution of their 

symptoms to a noncardiac cause result in prolonged prehospital delay. Albarquoni et al. 

found that patients with fatigue and indigestion were less likely to recognize and interpret 

their symptoms correctly as a heart attack.46 Finnegan et al. found that patients and 

bystanders expected a myocardial infarction to present as sharp, crushing chest pain referred 

to as a “Hollywood heart attack.47” Prehospital delay has been linked to non-classic ACS 

symptoms; therefore, associated symptoms, such as unusual fatigue, may confuse 
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individuals and lead to delayed treatment seeking.48 Symptoms that have been associated 

with reduced prehospital delay include chest pain9, 10 and left arm pain.9 In a cross-sectional 

study of 486 patients with myocardial infarction (MI), Albarqouni et al. found that a large 

majority of patients correctly recognized chest pain (94.8%) and shoulder pain (83.2%) as 

classic symptoms of MI. The authors also observed that knowledge of MI symptoms had a 

significant impact on prehospital delay time, with more knowledgeable patients having a 

50% higher chance of arriving to the ED in less than 2 hours compared to patients with 

inadequate knowledge of symptoms.46 Our findings suggest that, in most cases, symptoms 

are unlikely to help the patient make a decision to seek care quickly given that chest pain 

and dyspnea, symptoms commonly focused on by EMS and ED personnel, did not 

significantly predict delay for the most vulnerable patients, those with ACS. As the 

population ages and providers see fewer classic presentations (ie chest pain, shortness of 

breath, or sweating), we need to rethink the symptoms-based strategy of risk stratification.

Patients Ruled out for ACS.—For patients ruled out for ACS, those with chest pain or 

sweating had nearly a 25% shorter delay time. These results suggest that prior public health 

messaging campaigns and patient education have been successful in alerting individuals to 

the most commonly experienced symptoms of MI. Allana et al. found that patients with ACS 

believe that sweating is a symptom that requires urgent cardiac treatment. Also, more 

women than men considered chest pain and sweating as symptoms requiring urgent 

treatment.45 Chest pain and sweating are well-known symptoms of ACS for the lay public 

and likely spur people to rapid action. Why this only occurred in patients ruled out for ACS 

in our study is puzzling. It is possible that those with prior disease took a wait-and-see 

approach. Sweating is an objective sign associated with STEMI. It is possible that the 

sample size of STEMI patients was too small to detect differences in symptoms by sub-

diagnosis.

Time of Presentation to the Emergency Department and Use of EMS

Patients arriving to the ED at night (6 PM-6 AM) were more likely to have ACS (31.7% vs. 

18.0%), compared to those ruled out. Wouters et al. conducted a cross-sectional study of 

1655 patients who called the out-of-hours primary care services for chest discomfort. The 

authors found that patients with chest discomfort who called the out-of-hours primary care 

services between 12 AM and 9 AM had nearly double the likelihood for a diagnosis of ACS, 

compared to patients calling at other hours and after adjustment for sex and age.49 The 

higher incidence of ACS between 6 PM and 6 AM in our study could partly be explained by 

the fact that most primary care offices are closed during these hours. Only 44.4% of patients 

in our study arrived by EMS, which is below the national average.50 The proportion of 

patients with MI arriving via EMS nationally has ranged from 49.8%−60%.50-52 In the 

REACT trial, it was reported that 50% or more of individuals with ACS did not use EMS.26 

The fact that more patients, both ruled in and ruled out for ACS arrived via EMS between 

6pm and 6am portends well for time to treatment and could result in improved outcomes.

The benefits of EMS use are well known, including 24-hour, 365-days-a-year availability; 12 

lead ECG is now standard of care; many departments can transmit data and activate the 

cardiac catheterization laboratory for STEMI or STEMI equivalents; aspirin therapy can be 
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given; advanced cardiac life support can be provided; and EMS provides more direct entry 

into the ED. Under use of EMS, which are staffed with highly skilled paramedics and 

medications, is a call to action, if we are to reduce prehospital delay and improve patient 

outcomes. Future studies should examine barriers to EMS use such as cost, concerns about 

privacy, individual beliefs that EMS may be delayed and self-transport is faster, and the lack 

of understanding of the advanced capabilities of EMS personnel.

Limitations

There are some limitations to this study. Although we performed meticulous statistical 

analysis, there is a possibility that some associations may have occurred by chance. Wide 

confidence intervals for some tests suggest that sample sizes for some subgroups may be a 

limitation. Our study did not evaluate the patient’s state of mind in relation to delay in 

seeking medical care. Future studies could benefit from evaluating why the patient did or did 

not call EMS upon symptom onset.53 Lastly, the predictive capability of our multivariable 

model was lower than expected. Additional prehospital factors should be considered in 

future work.

Conclusion

Prehospital delay for symptoms suggestive of ACS remains excessive. A relatively small 

number of symptoms and self-transport to the ED predicted prehospital delay for patients 

with and without a final diagnosis of ACS in our study. Encouraging the use of EMS is an 

important and modifiable factor that may result in expedited diagnosis and treatment for 

patients with suspected ACS.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Table 1

Sample Characteristics by Diagnosis

Variable Total Cohort (n=975) ACS (n=439) No ACS (n=536) p value

Delay Time in hours, mean (SD) 20.24 (27.72) 19.01 (26.04) 21.24 (29.00) 0.212

Delay Time in hours, median [IQR] 6.68 [1.91, 24.94] 6.47 [1.67, 24.46] 6.73 [2.15, 25.27] 0.195

Age in years, mean (SD) 60.32 (14.07) 61.77 (12.12) 59.13 (15.40) 0.004

Age in years, median [IQR] 60.0 [51.0, 70.0] 61.0 [53.0, 70.0] 59.0 [49.0, 70.0] 0.011

Age <0.001

  <40 62 (6.4) 11 (2.5) 51 (9.5)

  40 to <60 407 (41.7) 189 (43.1) 218 (40.7)

  60 to <80 414 (42.5) 201 (45.8) 213 (39.7)

  80+ 92 (9.4) 38 (8.7) 54 (10.1)

Sex <0.001

  Male 609 (62.5) 316 (72.0) 293 (54.7)

  Female 366 (37.5) 123 (28.0) 243 (45.3)

Race/ethnicity 0.318

  White or Caucasian 672 (69.1) 296 (67.6) 376 (70.3)

  Black or African American 127 (13.1) 56 (12.8) 71 (13.3)

  Hispanic 76 (7.8) 42 (9.6) 34 (6.4)

  Other 98 (10.1) 44 (10.0) 54 (10.1)

Health Insurance 0.537

  Private from employer 303 (31.6) 139 (32.5) 164 (30.9)

  Private paid by patient 94 (9.8) 40 (9.3) 54 (10.2)

  Medicare 326 (34.0) 136 (31.8) 190 (35.8)

  Govt Insurance or other 115 (12.0) 52 (12.1) 63 (11.9)

  Not Insured 121 (12.6) 61 (14.3) 60 (11.3)

Income 0.001

  <$20,000 291 (33.1) 107 (27.5) 184 (37.5)

  $20,000 - $50,000 293 (33.3) 133 (34.2) 160 (32.6)

  $50,000 - $100,000 174 (19.8) 97 (24.9) 77 (15.7)

  $100,000+ 122 (13.9) 52 (13.4) 70 (14.3)

Diabetes 279 (28.7) 129 (29.5) 150 (28.0) 0.627

Symptoms on Presentation to ED

  Chest Pressure 630 (64.7) 290 (66.2) 340 (63.4) 0.367

  Chest Discomfort 682 (70.0) 306 (69.9) 376 (70.1) 0.923

  Chest Pain 672 (69.0) 317 (72.4) 355 (66.2) 0.039

  Shoulder Pain 341 (35.0) 158 (36.1) 183 (34.1) 0.530

  Arm Pain 351 (36.0) 176 (40.2) 175 (32.6) 0.015

  Upper Back Pain 261 (26.8) 104 (23.7) 157 (29.3) 0.052

  Lightheadedness 433 (44.5) 164 (37.5) 269 (50.2) <0.001
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Variable Total Cohort (n=975) ACS (n=439) No ACS (n=536) p value

  Short of Breath 544 (55.9) 214 (48.9) 330 (61.6) <0.001

  Sweating 343 (35.2) 164 (37.4) 179 (33.4) 0.188

  Unusual Fatigue 458 (47.0) 173 (39.5) 285 (53.2) <0.001

  Nausea 367 (37.7) 161 (36.8) 206 (38.4) 0.592

  Palpitations 254 (26.1) 91 (20.8) 163 (30.4) 0.001

  Indigestion 236 (24.2) 105 (24.0) 131 (24.4) 0.865

ACS Diagnosis <0.001

  No ACS 536 (55.0) 0 (0.0) 536 (100.0)

  UA & NSTEMI 327 (33.5) 327 (74.5) 0 (0.0)

  STEMI 112 (11.5) 112 (25.5) 0 (0.0)

Charlson Comorbidity Index, mean (SD) 1.83 (1.87) 1.96 (1.73) 1.73 (1.98) 0.061

Charlson Comorbidity Index 0.095

  0 to 1 520 (54.3) 223 (51.6) 297 (56.5)

  >1 to 4 351 (36.6) 174 (40.3) 177 (33.7)

  >4 87 (9.1) 35 (8.1) 52 (9.9)

Mode of Arrival 0.170

  Self-Transport 520 (53.6) 222 (50.9) 298 (55.7)

  EMS 431 (44.4) 202 (46.3) 229 (42.8)

  Transfer from another facility 20 (2.0) 12 (2.8) 8 (1.5)

Time of Arrival <0.001

  6 am – 11:59 am 374 (38.4) 157 (35.8) 217 (40.6)

  12 pm – 5:59 pm 364 (37.4) 143 (32.6) 221 (41.4)

  6 pm – 11:59 pm 136 (14.0) 78 (17.8) 58 (10.9)

  12 am – 5:59 am 99 (10.2) 61 (13.9) 38 (7.1)

Note. Bolding indicates significance at <.05. ACS is acute coronary syndrome; SD is standard deviation; IQR is interquartile range; Govt is 
government; ED is emergency department; UA is unstable angina; NSTEMI is non-ST elevation myocardial infarction; STEMI is ST elevation 
myocardial infarction; EMS is emergency medical services. Bolded numbers indicate statistical significance.
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Table 2

Multivariable Accelerated Failure Time Model (Log Normal) Predicting Delay Time for Patients Ruled In for 

ACS (n=432 in model)

Variables Time Ratio (TR) 95% CI p-value

Race 0.654

 White or Caucasian (Reference)

 Black or African American 1.11 (0.71, 1.73) 0.661

 Hispanic 0.87 (0.52, 1.45) 0.585

 Other 1.50 (0.92, 2.46) 0.106

Diabetes 1.32 (0.95, 1.84) 0.100

Shoulder Pain 0.65 (0.46, 0.91) 0.013

Lightheaded 0.67 (0.48, 0.94) 0.022

Short of Breath 1.19 (0.87, 1.63) 0.283

Unusual Fatigue 1.71 (1.23, 2.40) 0.002

Chest Pressure 0.87 (0.62, 1.21) 0.408

Chest Pain 1.09 (0.77, 1.54) 0.625

Upper Back Pain 1.40 (0.96, 2.03) 0.077

Sweating 0.90 (0.65, 1.25) 0.538

Indigestion 1.07 (0.75, 1.53) 0.706

Mode of Arrival 0.005

 Emergency Medical Services (Reference)

 Self-Transport 1.93 (1.43, 2.60) <0.001

 Transfer from Another Facility 0.65 (0.26, 1.61) 0.349

Time of Arrival 0.244

 6 am - 11:59 am (Reference)

 12 pm - 5:59 pm 1.19 (0.75, 1.90) 0.457

 6 pm - 11:59 pm 1.79 (1.12, 2.88) 0.015

 12 am - 5:59 am 1.56 (0.93, 2.64) 0.094

Note. ACS is acute coronary syndrome
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Table 3

Multivariable Accelerated Failure Time Models (log normal) Predicting Delay Time for Patients Ruled Out for 

ACS (n=531 in model)

Variables Time Ratio (TR) 95% CI p-value

Race/ethnicity 0.694

 White or Caucasian (Reference)

 Black or African American 0.88 (0.59, 1.29) 0.508

 Hispanic 1.09 (0.63, 1.88) 0.759

 Other 1.38 (0.89, 2.13) 0.148

Diabetes 1.05 (0.78, 1.41) 0.754

Shoulder Pain 0.89 (0.66, 1.20) 0.439

Lightheadedness 0.94 (0.70, 1.26) 0.690

Short of Breath 1.11 (0.83, 1.48) 0.499

Unusual Fatigue 1.54 (1.16, 2.05) 0.003

Chest Pressure 0.91 (0.68, 1.22) 0.528

Chest Pain 0.71 (0.53, 0.96) 0.025

Upper Back Pain 1.29 (0.95, 1.74) 0.105

Sweating 0.73 (0.55, 0.97) 0.032

Indigestion 1.37 (1.01, 1.86) 0.045

Mode of Arrival 0.015

 Self-Transport (Reference)

 Emergency Medical Services 0.58 (0.45, 0.76) <0.001

 Transfer from Another Facility 1.46 (0.50, 4.25) 0.487

Time of Arrival 0.895

 6 am – 11:59 am (Reference)

 12 pm – 5:59 pm 1.23 (0.73, 2.10) 0.437

 6 pm – 11:59 pm 1.32 (0.78, 2.23) 0.302

 12 am – 5:59 am 1.34 (0.72, 2.50) 0.354

Note. ACS is acute coronary syndrome;

CI is confidence interval.

Log Likelihood Multivariable Model −2037.8

Log Likelihood Model with Intercept Only −2065.9

McFadden's R2 0.014
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