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aDepartment of Emergency Medicine, University of California Davis, Sacramento, CA
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Abstract

Background—Current guidelines recommend ≤90 minutes from first medical contact (FMC) to

percutaneous coronary intervention (FMC2B) for ST segment elevation myocardial infarction

(STEMI) patients. We evaluated the relationship between patient home distance from a

percutaneous coronary intervention (PCI) center, prehospital electrocardiogram (ECG) use, and

FMC2B time among patients with STEMI.

Methods—We performed a retrospective cohort study including all STEMI patients in the

ACTION®-GWTG™ registry from 7/1/2008 to 9/30/2012 who were transported by ambulance to

a PCI center. Patient home distance was defined as the driving distance from the patient's home

zip code to the PCI center address. Distance was classified into tertiles, and linear regression was

used to characterize the interaction between prehospital ECG use and patient home distance with

respect to FMC2B time.

Results—Of the 29,506 STEMI patients, 19,690 (67%) received a prehospital ECG. The median

patient home distance to the PCI center was 11.0 miles among patients with and 9.9 miles among

those without a prehospital ECG. Prehospital ECGs were associated with a 10-minute reduction in

the FMC2B time (p<0.0001), which was consistent across distance tertiles (11 vs 11 vs 10

minutes). The association between prehospital ECGs and shorter FMC2B was attenuated by 0.8

minutes for every 10 mile increase in distance (interaction p=0.0002).

Conclusions—Prehospital ECGs are associated with a 10-minute reduction in the FMC2B time.

However, patient home distance from a PCI center does not substantially change this association.
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Introduction

Approximately 250,000 patients suffer from an ST segment elevation myocardial infarction

(STEMI) each year in the United States.1 Longer time to reperfusion in STEMI patients is

associated with increased morbidity and mortality.2,3 The American Heart Association's

goal is that STEMI patients who are transported to a hospital capable of performing primary

percutaneous coronary intervention (PCI) should receive reperfusion within 90 minutes of

first medical contact;4 however this goal is achieved in only a minority of patients.5

To improve timely access to PCI for patients, regionalized systems of care are being

developed, and EMS bypass of non-PCI capable hospitals in favor of PCI centers for

patients with STEMI on a prehospital electrocardiogram (ECG) is increasing.6-8 Prehospital

ECGs reduce the time from first medical contact to device activation, or “balloon” time

(FMC2B), which is the first attempt to mechanically open the culprit lesion and restore

blood flow.9-13 However, the relative influence of the patient's distance from the PCI center

on FMC2B time is unclear. The use of prehospital ECGs may mitigate the effect of long

EMS transport times, reducing overall FMC2B time; however, this has not been well

studied.

Therefore, we evaluated the relationship between prehospital ECGs and patient home

distance from the PCI center on FMC2B time among patients with STEMI. Additionally, we

evaluated the effect of presentation during work versus off-hours on FMC2B time. We

hypothesized that the use of pre-hospital ECGs would be associated with shorter FMC2B

time, an effect that would increase with longer patient home distance from the PCI center.

Methods

Study Design

We conducted a retrospective cohort study using data from the National Cardiovascular

Data Registry's (NCDR®) ACTION Registry®-Get With The Guidelines (GWTG)™.14 The

Registry is a voluntary quality improvement registry sponsored by the American College of

Cardiology and the American Heart Association that focuses on patients with myocardial

infarction. Definitions for the data elements of the registry are available at https://

www.ncdr.com/webncdr/action/home/datacollection. The NCDR data quality program

includes data abstraction training, data quality thresholds for inclusion, site data quality

feedback reports, independent auditing, and data validation. Auditing of data has

demonstrated chart review agreement of >93%.15 At participating sites this registry was

either approved by an institutional review board, or considered quality assurance data and

not subject to institutional review board approval based on individual site determinations.

The Duke Clinical Research Institute serves as the data coordinating center to analyze de-

identified data for research purposes.

Study Setting and Population

We included STEMI patients in the registry from July 1, 2008 through September 30, 2012,

who were transported by ground EMS directly from the scene to a PCI hospital and

underwent primary PCI. Patients were excluded for the following reasons:
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• STEMI first noted on subsequent rather than the initial ECG (n=5,107)

• Non-system reasons for delay in PCI (n=5,860)

• Missing or invalid zip codes (n=3,863)

• Missing location of first ECG (n=26)

• Missing time of first medical contact (n=330)

• Missing time of first device activation (n=15)

Non-system reasons for PCI delay included difficult vascular access, cardiac arrest and/or

need for intubation before PCI, patient delays in providing consent for the procedure,

difficulty crossing the culprit lesion during the PCI procedure, and other documented

reasons. The most common non-system delay was cardiac arrest and/or need for intubation

before PCI, accounting for half (2,915) of the cases.

Measurements or key outcome measures

The primary outcome is time from first medical contact to device activation, defined as the

time from first medical contact to first device activation in the cardiac catheterization lab.

First medical contact is “the time when the patient was first evaluated by [EMS].” Device

activation is “the time of the first mechanical treatment of the culprit lesion.” This definition

encompasses all devices used to treat STEMI. If the culprit lesion intervention was

unsuccessful, the time of guidewire introduction was considered the device activation time.

This definition is standardized across the NCDR's registries. Patient home distance from the

PCI hospital was defined as the driving distance in miles from patient's residential zip code

to facility's zip code as calculated using Google Maps (Google Incorporated, Mountain

View, CA). Work hours included 8am to 5pm from Monday through Friday; holidays,

weekends; and all other times were considered off hours. Patients were classified as

presenting during work versus off hours based on their time of arrival at the PCI hospital.

Data Analysis

Demographics and baseline characteristics were presented by prehospital ECG use. Patient

home distance to the PCI hospital was classified into tertiles and the primary outcome was

compared between the prehospital ECG yes versus no groups within each tertile. Categorical

variables were compared using chi-square tests and continuous variables were compared

using Kruskal-Wallis tests between the prehospital ECG yes versus no groups. To determine

whether the use of prehospital ECG and patient home distance interact, time from first

medical contact to reperfusion was fitted using two linear regression models, with and

without adjustment. The unadjusted model included prehospital ECG, patient home distance,

and the interaction as the independent variables. The adjusted model additionally adjusted

for age, sex, race, weight, hypertension, diabetes mellitus, PAD, current/recent smoker,

dyslipidemia, prior MI, prior PCI, prior CABG, prior HF, prior stroke, heart rate, systolic

blood pressure, heart failure at presentation, shock at presentation, teaching hospital,

hospital CABG capability, hospital region, and number of beds. In two different subgroup

analyses, same approach was used, stratified by work hours and by gender. All analyses

were performed using SAS software (version 9.3; SAS Institute, Cary, NC).
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This research was supported by the American College of Cardiology Foundation's NCDR.

The views expressed in this abstract represent those of the author(s), and do not necessarily

represent the official views of the NCDR or its associated professional societies identified at

www.ncdr.com.

Sources of Funding

ACTION Registry®–Get With The Guidelines™ is an initiative of the American College of

Cardiology Foundation and the American Heart Association, with partnering support from

the Society of Cardiovascular Patient Care, the American College of Emergency Physicians,

and the Society of Hospital Medicine. The research described was supported by the National

Center for Advancing Translational Sciences, National Institutes of Health and by the

National Heart, Lung, and Blood (NHLBI) Research Career Development Programs in

Emergency Medicine. The authors are solely responsible for the design and conduct of this

study, all study analyses, the drafting and editing of the paper and its final contents.

Results

We included 29,506 patients with STEMI in the registry during the 4-year study period who

met inclusion criteria. Two-thirds of patients had a prehospital ECG. Overall, baseline

characteristics of patients who did and did not receive a prehospital ECG were similar;

however, patients who did not receive a prehospital ECG had more comorbidities and more

critical presentations (Table I). The median FMC2B time was 82 minutes for those with and

92 minutes for those without a prehospital ECG (p<0.0001). Of those with a prehospital

ECG, 64% met the 90-minute FMC2B goal, compared to 47% of those without a prehospital

ECG (p<0.0001) (Table II.)

The median patient home distance to PCI center was 11.0 miles (IQR 5.8-21.5 miles) among

patients with and 9.9 miles (IQR 5.0-19.8 miles) among those without a prehospital ECG.

The association between prehospital ECG use and shorter FMC2B time was consistent

across tertiles of distance (1st, median 11 minutes; 2nd, median 11 minutes; 3rd, median 10

minutes) (Table III). Within each tertile, the largest time differences between those with and

without a prehospital ECG were seen in hospital arrival to cardiac catheterization lab arrival

times (Figure I). In unadjusted linear model, the association between prehospital ECG use

and shorter FMC2B time was attenuated by 0.8 minutes for every 10 mile increase in

distance (interaction p=0.0002). After adjustment, the association was similar (attenuated by

0.7 minutes for every 10 mile increase in distance, interaction p=0.0010).

Subgroups

During off hours, the median FMC2B time was 91 minutes, compared to 74 minutes during

work hours. In linear regressions, prehospital ECGs were associated with shorter FMC2B

times, with an average decrease of 11.0 minutes during work hours and 9.8 minutes during

off hours. These decreases were similar after the adjustment (10.7 minutes during work

hours versus 8.9 minutes during off hours). During work hours, the association between

prehospital ECGs and shorter FMC2B was attenuated by 1.4 minutes for every 10 mile

increase in patient home distance (interaction p<0.0001). However, the association between
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prehospital ECGs and FMC2B was not changed across increasing patient home distance

during off hours (interaction p=0.19). The adjusted analysis yielded similar results (data not

shown).

The median FMC2B time in women was 89 minutes, compared to 84 minutes in men.

Prehospital ECGs were performed in 64% of women and 68% of men. Among men,

prehospital ECG use was associated with a 10.0 minute shorter FMC2B time, an association

that was attenuated by 0.7 minutes for every 10 mile increase in distance (interaction

p=0.01). Among women, prehospital ECG use was associated with a 12.2 minute shorter

FMC2B time, an association attenuated by 1.1 minutes for every 10 mile increase in

distance (interaction p=0.01). Results were similar after adjustment (data not shown).

Discussion

Using data from the NCDR over a 4-year period, we found that prehospital ECGs were

associated with an approximately 10-minute reduction in FMC2B times. This association

was relatively constant across increasing patient home distances from the PCI center and

was not changed for patients presenting during off hours.

The reduction in FMC2B time in our data is clinically significant but more modest than that

reported by others. Cone, et al., showed that prehospital ECGs combined with prehospital

cardiac catheterization lab activation reduced door to balloon time by 50 minutes, from 87 to

37 minutes,16 and Camp-Rogers, et al., demonstrated a 22-minute reduction in FMC2B time

with prehospital cardiac catheterization lab activation.10 In contrast, the 64% rate of patients

with a prehospital ECG who met the 90-minute FMC2B goal in our study was similar to the

68% rate reported from five organized regional STEMI networks.13,17 In our data,

prehospital ECGs were associated with a 12-minute reduction in door-to-balloon time (61 vs

50 minutes), with the difference between groups being a shorter time from hospital arrival to

cardiac catheterization lab arrival and shorter door to balloon time for those with prehospital

ECGs. Previous data from the NCDR showed a similar 14-minute reduction in door-to-

balloon times with prehospital ECGs.12 The smaller differences in FMC2B time we

observed may be due to improved processes of care – such as an ECG within 10 minutes of

hospital arrival - for patients without a prehospital ECG, that have occurred due to initiative

such as the American College of Cardiology's “D2B Alliance” and the American Heart

Association's Mission:Lifeline programs, which have led to a substantial reduction in D2B

times.

The association between prehospital ECGs and FMC2B in our data is likely modest due to

heterogeneity in EMS and hospital practices in this large, nationwide sample. Previous

studies suggest that maximum benefit is achieved when a STEMI system utilizes both

prehospital ECGs and prehospital cardiac catheterization lab activation.8,13,21-23 Our data

likely reflect system heterogeneity, with some systems consistently utilizing prehospital

cardiac catheterization lab activation and emergency department bypass,16,24 while other

systems may rely on emergency physician activation of the cardiac catheterization lab after

patient arrival, potentially delaying reperfusion time. This may explain why we found that

the reduction in FMC2B was similar for patients presenting on and off hours. In many
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STEMI systems, enthusiasm for prehospital ECGs and prehospital cardiac catheterization

lab activation is tempered by concerns regarding false-positive pre-hospital ECG

interpretation, especially in the absence of routine prehospital ECG transmission by EMS

providers at the scene.17,25,26

Although the reduction in FMC2B stayed relatively constant with increasing transport times,

we found that door to balloon times decreased with increasing patient home distance from

the PCI center. This trend was driven by shorter times from hospital arrival to cardiac

catheterization lab arrival, as the time from cardiac catheterization lab arrival to PCI was

constant across distance tertiles. This likely reflects the use of prehospital ECGs and

prehospital notification of the receiving hospital. Longer patient transport times provide

more time for the cardiac catheterization lab to assemble prior to the patient's arrival at the

PCI center. Thus, the cardiac catheterization lab is ready to take the patient sooner after

hospital arrival, resulting in similar FMC2B times despite longer transport times

First medical contact to hospital arrival time was approximately 1 minute longer when a

prehospital ECG is performed. While our data do not allow us to determine whether this

minor delay is due to performing the prehospital ECG or due to bypassing a non-PCI

capable hospital after the ECG shows STEMI, previous research shows that prehospital

ECGs do not significantly prolong EMS on-scene time.23,27 This small delay in time to

hospital arrival is more than offset by the time savings in door to balloon times and overall

FMC2B times.

Women with STEMI have been shown to receive fewer prehospital ECGs, have longer EMS

on scene to hospital intervals, and have longer door to balloon times when compared to men

with STEMI.27-29 Our data demonstrate similar delays in processes of care among women.

However, we found that the reduction in FMC2B time associated with prehospital ECGs

was greater in women, suggesting that performance of a prehospital ECG and early

recognition of STEMI are important steps in improving processes of care for women with

STEMI.

Limitations

Because this registry does not collect EMS call location, we used patient home zip code as a

surrogate for EMS call location, similar to prior studies.30 The majority of EMS scene

responses are to residential locations, suggesting that home zip code is a reasonable

surrogate for EMS call location.31 Also, we could not determine whether prehospital ECGs

caused the reduction in time to PCI. We did not have information on the timing of cardiac

catheterization lab activation, so we were unable to identify prehospital cardiac

catheterization lab activations. Situations in which the cardiac catheterization lab was not

activated based on the prehospital ECG would have biased results toward the null. Lastly,

our study population reflects the heterogeneity in prehospital and hospital practices over a 4-

year period; thus, our findings may not apply to all contemporary STEMI systems of care.
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Conclusions

Prehospital ECGs are commonly used among STEMI patients and reduce FMC2B time by

approximately 10 minutes. Patient home distance from a PCI hospital was not associated

with this time interval, but presentation during off hours was associated with longer times.
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Figure I.
Time intervals by patient home distance and prehospital ECG.

ECG = Electrocardiogram; FMC = First medical contact; CCL = Cardiac catheterization

laboratory
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Table I

Baseline characteristics.

Prehospital ECG (N=19,690) No Prehospital ECG (N=9,816)

Demographics

 Age (years)* 60 (52-69) 60 (52-71)

 Male gender 14,151 (71.9%) 6,732 (68.6%)

 Race/Ethnicity

  White 16,541 (84.0%) 7,995 (81.5%)

  Black 1,759 (8.9%) 1068 (10.9%)

  Hispanic 897 (4.6%) 467 (4.8%)

  Asian 335 (1.7%) 185 (1.9%)

  Other/Missing 158 (0.8%) 101 (1.0%)

 Insurance

  Private/HMO 11,339 (57.6%) 5,426 (55.3%)

  Medicare 3,765 (19.1%) 2,176 (22.2%)

  Medicaid 803 (4.1%) 426 (4.3%)

  Self-pay/None 3,223 (16.4%) 1,561 (15.9%)

  Other 560 (2.8%) 227 (2.3%)

Medical History

 Hypertension 12,084 (61.4%) 6,334 (64.5%)

 Dyslipidemia 10,531 (53.5%) 5,311 (54.1%)

 Diabetes mellitus 4,068 (20.7%) 2,252 (22.9%)

 Prior MI 3,769 (19.1%) 2,039 (20.8%)

 Home aspirin use 6,092 (30.9%) 3,190 (32.5%)

Presentation

 Cardiac arrest† 341 (3.9%) 260 (7.2%)

 Cardiogenic shock 1,244 (6.3%) 753 (7.7%)

 During work hours 7,728 (39.3%) 3,503 (35.7%)

Geographic region

 West 3,110 (15.8%) 920 (9.4%)

 Northeast 1,200 (6.1%) 772 (7.9%)

 Midwest 4,537 (23.0%) 3,107 (31.7%)

 South 10,843 (55.1%) 5,017 (51.1%)

*
Data presented as median (interquartile range)

†
Cardiac arrest was collected beginning in April 2011

MI=Myocardial infarction
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Table II

Patient outcomes by prehospital ECG.

Prehospital ECG (N=19,960) No Prehospital ECG (N=9,816) P-value

Time Intervals

 FMC to device activation 82 (68-98) 92 (76-109) <0.0001

 FMC to device activation ≤90 min 12,586 (63.9%) 4,623 (47.1%) <0.0001

 FMC to hospital arrival 31 (24-40) 30 (22-38) <0.0001

 Hospital arrival to CCL 25 (14-38) 37 (25-50) <0.0001

 CCL arrival to device activation 22 (17-29) 22 (17-29) 0.4314

Door to Device activation 50 (37-64) 61 (48-75) <0.0001

In-hospital Events

 Death 540 (2 .8%) 446 (4 .6%) <0.0 001

 Death within 24 hours 185 (1.0%) 134 (1.4%) 0.0008

 Post-admission MI 177 (0.9%) 107 (1.1%) 0.1117

 Cardiogenic shock 972 (5.0%) 572 (5.9%) 0.0011

All times are presented in minu tes as median (in terquartile range).

ECG=Electrocardiogram; FMC=First medial contact; CCL=cardiac catheterization laboratory; MI=Myocardial infarction
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Table III

Patient outcomes by distance tertiles.

1st Tertile <7.1 miles
(N=9,876)

2nd Tertile 7.1-16.2 miles
(N=9,763)

3rd Tertile >16.3 miles
(N=9,867) p-value

Time Intervals

FMC to device activation

 Overall 84 (69 -100) 84 (69 -101) 89 (73 -107) <0.0 001

 +ECG 80 (66-95) 80 (67-96) 86 (71-103) <0.0001

 −ECG 91 (76-107) 91 (76-108) 96 (78-114) <0.0001

FMC to device activation ≤90 min 6,066 (61.4%) 5,996 (61.4%) 5,147 (52.2%) <0.0001

FMC to hospital arrival

 Overall 26 (21-33) 30 (24-37) 37 (27-49) <0.0001

 +ECG 26 (21-32) 30 (24-37) 38 (29-50)

 −ECG 27 (20-34) 30 (23-37) 35 (25-46)

Hospital arrival to CCL

 Overall 32 (20-45) 29 (18-42) 27 (15-40) <0.0001

 +ECG 28 (17-40) 26 (15-38) 23 (11-35)

 −ECG 39 (27-52) 37 (26-50) 35 (23-48)

CCL arrival to device activation

 Overall 23 (17-29) 22 (17-29) 22 (17-29) 0.087

 +ECG 23 (17-29) 22 (17-29) 22 (17-29)

 −ECG 23 (17-30) 22 (17-29) 22 (17-30)

In-hospital Events

Death 365 (3 .8%) 336 (3 .5%) 285 (2 .9%) 0.8 5

Death within 24 hours 111 (1.2%) 104 (1.1%) 104 (1.1%) 0.72

Post-admission MI 100 (1.0%) 90 (0.9%) 94 (1.0%) 0.79

Cardiogenic shock 519 (5.4%) 529 (5.5%) 496 (5.1%) 0.41

All times are presented in m inutes as median (interquartile range).

FMC=First medial contact; ECG=Electrocardiogram; CCL=cardiac catheterization laboratory; MI=Myocardial infarction
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