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SPECIAL ARTICLE

Pre-Hospital 12-Lead Electrocardiography Programs

A Call for Implementation by Emergency Medical Services

Systems Providing Advanced Life Support—National Heart

Attack Alert Program (NHAAP) Coordinating Committee; National
Heart, Lung, and Blood Institute (NHLBI); National Institutes of Health

J. Lee Garvey, MD,* Bruce A. MacLeod, MD, FACEP,t George Sopko, MD,#
Mary M. Hand, MSPH, RN,# on behalf of the National Heart Attack Alert Program (NHAAP)

Coordinating Committee

Charlotte, North Carolina; Pittsburgh, Pennsylvania; and Bethesda, Maryland

Emergency medical services (EMS) providers who administer advanced life support should
include diagnostic 12-lead electrocardiography programs as one of their services. Evidence
demonstrates that this technology can be readily used by EMS providers to identify patients
with ST-segment elevation myocardial infarction (STEMI) before a patient’s arrival at a
hospital emergency department. Earlier identification of STEMI patients leads to faster
artery-opening treatment with fibrinolytic agents, either in the pre-hospital setting or at the
hospital. Alternatively, a reperfusion strategy using percutaneous coronary intervention can be
facilitated by use of pre-hospital 12-lead electrocardiography (P12ECG). Analysis of the cost
of providing this service to the community must include consideration of the demonstrated
benefits of more rapid treatment of patients with STEMI and the resulting time savings

advantage shown to accompany the use of P1I2ECG programs.

(J Am Coll Cardiol 2006;

47:485-91) © 2006 by the American College of Cardiology Foundation

Coronary heart disease, the single largest cause of death in
U.S. men and women, was responsible for more than one in
every five deaths in 2002. According to the latest estimates,
as many as 1.2 million Americans experience an acute
myocardial infarction (AMI) each year, resulting in over
494,300 deaths (1).

A decade has passed since a working group of the
National Heart Attack Alert Program (NHAAP) published
“60 Minutes to Treatment,” a position paper on rapid
identification and treatment of patients with AMI (2). This
statement challenged the U.S. health care system to provide
definitive artery-opening (reperfusion) treatment (notably
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fibrinolytic) to eligible AMI patients within 60 min of
symptom onset, and within 30 min of arrival at the hospital.
These benchmarks are critical because the benefits of AMI
treatment diminish rapidly over time (3). Early reperfusion
treatment for eligible AMI patients has a significant impact
on morbidity and mortality (4). The benefit of a shorter
time to artery-opening treatment with fibrinolytics and
percutaneous coronary intervention (PCI) has been conclu-
sively shown for patients with ST-segment elevation myo-
cardial infarction (STEMI) (4-7). For fibrinolytic therapy,
the beneficial effects are substantially greater in patients
treated early after symptom onset than in those treated later,
and mortality reduction is greatest among patients present-
ing to the hospital within 1 h of symptom onset. The benefit
of fibrinolytic therapy initiated within 30 to 60 min after the
onset of symptoms is estimated to result in 60 to 80
additional patients alive, at one month, per 1,000 patients
treated with conventional therapy (8). These data support
the well-known concept of a “golden hour” for AMI. The
importance of total ischemic time has also been described for
artery-opening treatment by PCI (6,9-11). The length of time
from symptom onset to balloon inflation has been shown to be
significantly correlated with one-year mortality (6). While PCI
confers a higher rate of reperfusion, notably in patients pre-
senting later in the course of infarction, myocardial necrosis is
related to the duration of occlusion of the infarct-related artery,
particularly in patients at greater risk (6). Thus, the time to
opening of the infarct-related artery is important for patients
who receive PCI as well as fibrinolysis (12).
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Abbreviations and Acronyms
ACC

ACI-TIPI = acute cardiac ischemia time-insensitive
predictive instrument
ACS = acute coronary syndromes

AHA

= American College of Cardiology

= American Heart Association

AHRQ_ = Agency for Healthcare Research and
Quality

ALS = advanced life support

AMI = acute myocardial infarction

ED = emergency department

EMS = emergency medical services

EMT-P = emergency medical technician-paramedic

PCI = percutaneous coronary intervention

P12ECG = pre-hospital 12-lead electrocardiography

STEMI = ST-segment elevation myocardial infarction

The use of measurable time intervals (e.g., from arrival at
the emergency department [ED] [“door”] to the initial
electrocardiogram [“data”], and from the decision to treat
[“decision”] to fibrinolytic drug administration time
[“drug”]) has been promoted as a means for individual
hospitals to study their system of care, implement changes
in their processes, and improve performance relative to these
benchmarks (2). Many hospitals can now state that defini-
tive care is provided to STEMI patients within the bench-
mark time interval starting with arrival at the ED, but the
proportion of patients treated within 60 min of symptom
onset is only 4% for fibrinolytics and less than 1% for PCI
(E. Stoehr, National Registry of Myocardial Infarction,
personal communication, July 2004). Given the previously
published time-to-treatment goals and the increased avail-
ability of PCI as an option for these patients, the American
College of Cardiology (ACC) and the American Heart
Association (AHA) recommend that after eligible STEMI
patients present to the “medical system” (either emergency
medical services [EMS] or the ED), they should receive
fibrinolytic therapy within 30 min or PCI within 90 min (13).

For these benchmarks to be met, emphasis on further
improvements in the time to definitive care for patients with
STEMI must look to pre-hospital factors. Patient and
bystander delays are responsible for the greatest proportion
of delay before treatment (14). Major clinical trials show
that the median time from symptom onset to treatment of
persons with STEMI is approximately 2 to 3 h (15-17).
Patient-related delay in secking treatment has remained
largely unchanged over the last decade, even though studies
have shown that the effectiveness of reperfusion therapy
depends on timely intervention (16,18-20). The full poten-
tial of current artery-opening treatments has not been
realized because many patients are not seen in the hospital
in time to fully reap their benefits (18,21).

Patients’ recognition of symptoms, their motivation to
seek care very early in the course of symptoms, and their use
of EMS to provide immediate care will ultimately increase
the number of persons receiving care within 60 min of
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symptom onset (22). Two educational initiatives, the Na-
tional Heart, Lung, and Blood Institute’s “Act in Time to
Heart Attack Signs,” campaign (23,24) and the Society of
Chest Pain Centers’ “Early Heart Attack Care” program
(25,26), target educating potential patients (and others who
may be in a position to help patients act quickly) to
recognize and respond to symptoms associated with acute
coronary syndromes (ACS). Community intervention and
educational campaigns may promote the appropriate use of
EMS by potential AMI patients (27).

The use of EMS in itself has been shown to be associated
with earlier evaluation in the ED, wider use of acute
reperfusion therapies, and less time between arrival at the
ED, to fibrinolytic therapy or urgent PCI (17,28-32). Even
though use of EMS is associated with earlier evaluation and
treatment in the hospital setting, only 10% to 59% of
patients with chest pain use such services for treatment and
transportation to the hospital (17,29,30,33,34). Most pa-
tients are driven by someone else (about 60%) or drive
themselves to the hospital (nearly 16%) (29,33). Emergency
medical services is the only means by which patients can
obtain the earlier evaluation and treatment benefit associ-
ated with pre-hospital 12-lead electrocardiography
(P12ECG).

Pre-hospital electrocardiographs are usually sold as addi-
tional modular components or integrated into monitor-
defibrillator devices. Pre-hospital 12-lead electrocardiography
entails application of recording electrodes, capture of electro-
cardiographic data, automated interpretation using diagnostic
algorithms within the device, transmission capability, and the
option for over-read of the output by paramedics. The
quality of PI2ECG data has been shown to be equal to that
obtained in the hospital (35,36). Pre-hospital 12-lead elec-
trocardiographic data are readily obtained at the point of
care of the patient in the pre-hospital environment, without
undue delay in transportation to the hospital (35,37-39).
Although a longer time from symptom onset to hospital
presentation for the P12ECG group was reported in one
series (40), the time to in-hospital reperfusion was signifi-
cantly less in the P12ECG group. Printable copies of
P12ECG data can be sent to hospital EDs via cellular
telephone, or direct medical oversight physicians can discuss
the paramedic’s interpretation and other relevant aspects of
the patient’s symptoms, risk profile, and response to initial
therapy. While many EMS providers are trained in the
interpretation of 12-lead electrocardiography, and comput-
erized algorithms provide diagnostic statements that para-
medics can over-read, it is also possible to receive real-time
remote interpretation of pre-hospital 12-lead electrocardio-
grams by expert physician electrocardiographers (41). The
pre-hospital 12-lead electrocardiogram should be expedi-
tiously over-read by a qualified physician.

Benefits of a P1I2ECG. The pre-hospital 12-lead electro-
cardiogram has favorable diagnostic and clinical impact
ratings. The Agency for Healthcare Research and Quality
(AHRQ) included P12ECG in its assessment of a wide
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range of technologies used for identification of patients with
acute cardiac ischemia in EDs (42,43). The AHRQ review
found P12ECG to be moderately sensitive (76%) and
specific (88%) for the diagnosis of ACS (36,44—48), and
68% sensitive and 97% specific for the diagnosis of AMI
(36,44-47,49-54). The same report (42) found that the
acute cardiac ischemia time-insensitive predictive instru-
ment (ACI-TIPI), which prints the patient’s probability of
having ACS on the electrocardiogram header, improved the
diagnosis of ACS. Further research is needed to test the
potential impact of ACI-TIPI on EMS-based identification
of ACS (55).

Pre-hospital 12-lead electrocardiography acquisition has
been shown to be feasible and to result in earlier identifi-
cation of patients with STEMI (39,56-59). Pre-hospital
12-lead electrocardiography has been shown to reduce the
median time to fibrinolytic therapy in the hospital by 32 to
62 min (58,60,61). According to a study that examined a
large registry of STEMI patients, activation of the cardiac
catheterization laboratory using P12ECG data was shown
to reduce the mean time to PCI by an average of 23 min (92
vs. 115 min, p < 0.001) (40). The P12ECG group was
more likely to receive fibrinolytic therapy (43% vs. 37%, p <
0.001) and to undergo PCI (11% vs. 7%, p < 0.001). Also,
the PI2ECG group was more likely to undergo coronary
arteriography (55% vs. 40%, p < 0.001), angioplasty (24%
vs. 16%, p < 0.001), or bypass surgery (10% vs. 6%, p <
0.001). The influence of other factors in addition to
P12ECG was not completely controlled for in this report,
but the authors emphasized the importance of P12ECG in
effecting wider, faster utilization of reperfusion strategies,
greater usage of invasive procedures, and lower in-hospital
mortality (8% vs. 12%, p < 0.001) for STEMI patients who
received P12ECG versus those who did not (40).

One study of the use of PI2ECG by paramedics (53)
demonstrated a nonsignificant trend toward lower all-cause
mortality among the P12ECG patients directly admitted for
treatment to the hospital coronary care unit (p = 0.22). This
was in addition to the main findings of 1 h reductions in
both the EMS-call-to-fibrinolysis interval, and the door-to-
drug interval, for the patients with PI2ECG and direct
coronary care unit admission by paramedics.

The clinical impact associated with use of P12ECG has
been largely addressed by comparing the initiation of
pre-hospital fibrinolysis, with hospital initiation of fibrino-
lysis (42,43). The outcomes of these randomized trials and
prospective, nonrandomized studies have been reported in
terms of time savings, early differences in left ventricular
function, hospital mortality, and long-term mortality
(42,43). In these studies where P12ECG was used in
conjunction with a pre-hospital fibrinolysis program, it is
not possible to attribute clinical impact effects associated
solely with P12ECG versus that of pre-hospital fibrinolysis.
Pre-hospital fibrinolysis alone has been shown in a meta-
analysis to significantly decrease the time to fibrinolysis and
all-cause hospital mortality (62). Pooled results of six
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randomized trials (n = 6,434 patients) showed a signifi-
cantly decreased all-cause hospital mortality among patients
treated with pre-hospital fibrinolysis compared with hospi-
tal fibrinolysis (odds ratio, 0.83; 95% confidence interval,
0.70 to 0.98). The estimated time from symptom onset to
fibrinolysis was 104 min for the pre-hospital group and 162
min for the in-hospital fibrinolysis group (62). The Myocar-
dial Infarction Triage and Intervention trial (61) did not find a
pre-hospital fibrinolytic strategy superior to a hospital-based
strategy, but did demonstrate the overriding benefit of early
reperfusion with fibrinolytics for patients in either group
who were treated within 70 min. Advance notification of
the hospitals of a STEMI patient resulted in expedited care
once the patient arrived, compared to the usual ED care the

patient would have received without the advance notifica-
tion afforded by P12ECG.

IMPLEMENTING AN EFFECTIVE P12ECG PROGRAM
Despite reports of the utility of P12ECG, particularly its

effectiveness in reducing time intervals to treatment and a
trend toward lower short-term mortality of STEMI pa-
tients, this strategy has been incompletely adopted by EMS
agencies in the U.S. According to a survey that collected
data on EMS systems in 200 U.S. cities (63), 67% of those
systems had P12ECG as part of their available equipment
and procedure capability (the average total population
served by the survey respondents was 459,804; the average
geographic coverage area was 294 square miles). Less
populous cities and rural regions may have even fewer
systems incorporating P12ECG. Nationally standardized
data on the actual use of P12ECG by these systems are
unavailable.

Because of the advantage gained by P12ECG with
advance ED notification in rapid diagnosis and treatment of
ACS, in particular, STEMI, the ACC/AHA recommend
that “It is reasonable that all advanced cardiac life support
providers perform and evaluate 12-lead ECGs routinely on
chest pain patients suspected of STEMI (level of evidence
B, based on data from a number of nonrandomized studies)”
(13). Pre-hospital 12-lead electrocardiography programs
employing urban and suburban paramedics have previously
been strongly encouraged by the AHA (64), the ACC (65),
the National Association of EMS Physicians (66), as well as
the ACC/AHA Guidelines for Management of Patients
with ST-Elevation Myocardial Infarction (13). See Table 1
for a description of the benefits of P12ECG for AMI
patients and EMS providers (67,68).

Barriers to the implementation of PI2ECG programs
include the costs of device acquisition and replacement,
paramedic training, and ongoing competency assessment.
Integrated devices (pre-hospital 12-lead electrocardiograph
with monitor-defibrillator) now cost $9,000 to $25,000
each, but the expense of the equipment is likely to decrease
in the future as it becomes more standard (as has occurred
with automated external defibrillators, for example). Re-
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Table 1. Benefits of Pre-Hospital 12-Lead Electrocardiography

Programs

For AMI patients
Earlier evaluation in the field and in the hospital
Earlier treatment with fibrinolysis and PCI
Triage in the field, sending high-risk patients to tertiary hospitals

Improved outcomes in terms of:
Reduction in short-term mortality
Longer-term survival benefit (reported in some studies but not all)
For EMS providers
Enhanced skill acquisition in pre-hospital electrocardiography and
opportunities to use that technology
Improved pre-hospital detection accuracy in chest pain patients
Detection of transient pre-hospital ischemia that may be resolved by
the time of hospital arrival
Acquisition of a 12-lead electrocardiogram for comparison with the
first ED electrocardiogram
Potential to differentiate more accurately pre-hospital cardiac
arrhythmias (e.g., wide complex tachycardias)
Advance notice of STEMI patient en route for ED staff and cardiac
catheterization team
Potentially improved process of care and treatment measures
monitored by quality improvement organizations

Modified from Aufderheide et al. (67) and Urban et al. (68).

AMI = acute myocardial infarction; ED = emergency department; EMS =
emergency medical services; PCI = percutaneous coronary intervention; STEMI =
ST-segment elevation myocardial infarction.

placement or upgrade costs of current integrated devices
may be less. A formal cost effectiveness of PI2ECG has not
been published (69).

Advanced life support (ALS) providers are the focus of
this paper because these individuals are trained and
equipped to identify and manage patients with ACS symp-
toms and, as such, are essential to the implementation of
P12ECG programs. The EMS Agenda for the Future (70)
calls for EMS to work with national organizations and
associations to help determine its role in enhancing identi-
fication and treatment of various clinical conditions (e.g.,
myocardial infarction). The agenda advocates that EMS
clinical care be subjected to ongoing evaluation to determine
its impact on patient outcomes and that changes in clinical
care should be justifiable based on community health care
needs.

Paramedic education in electrocardiography is currently a
component of 1998 Emergency Medical Technician-
Paramedic (EMT-P): National Standard Curriculum by the
National Highway Traffic Safety Administration (71), but it
is considered “enhanced” rather than “core” education con-
tent. Those EMT-P professionals requiring specific training
in P12ECG typically undergo up to 12 h of classroom and
practical training. Competency assessments are routine
components of the administration of EMS agencies, and
inclusion of P12ECG for proficiency testing should not
significantly increase this cost. The P12ECG program
should be implemented with qualified medical oversight.

Implementing a PI2ECG program represents a signifi-
cant investment of time, effort, personnel, and resources.
Implementation has three phases: phase I is a retrospective
baseline analysis; phase II, a feasibility and safety assess-
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ment; and phase III, the implementation of accurate and
routine pre-hospital identification of fibrinolytic or PCI
candidates to facilitate hospital-based definitive therapy
(67,72). Pre-hospital 12-lead electrocardiography and ad-
vance ED notification may utilize verbal notification or
transmission of the electrocardiogram. In the latter form of
notification, it is important to ensure that transmitted
electrocardiograms are identified with the appropriate pa-
tient; P12ECG identification forms can facilitate this goal.
Fibrinolytic and PCI eligibility can be determined by means
of a paramedic-generated checklist, the results of which can
then be conveyed to either the base or receiving physician.
Members of the medical community should be educated
about the P12ECG program and how to effectively use the
advance notification of diagnostic information to deliver
more time-effective interventions. A written protocol, in-
cluding clinical algorithms for pre-hospital personnel,
should be established (67,72). Finally, an effective quality
assurance and improvement program should be initiated in
advance of implementing a P12ECG program, and is
fundamental to P12ECG implementation and ongoing
evaluation. Pre-hospital 12-lead electrocardiography with
advance ED notification has the greatest potential for
patient benefit when the information is utilized as a key
component of significant patient care improvements
through a well-planned and coordinated program
(67,72,73). When considering implementation of a
P12ECG program, EMS system administrators need to
identify and inform key participants, address political issues,
and find alternative sources of funding to cover costs, both
direct (e.g., equipment, training, supplies) and indirect (e.g.,
hospital, EMS system, program infrastructure, and organi-
zation). People who will be involved in program coordina-
tion, training and competency evaluation, and communica-
tion mechanisms should be identified along with those
involved in program implementation. Pre-hospital 12-lead
electrocardiogram programs should be strongly considered
by all EMS systems with ALS capability. Ultimately, the
decision to implement a PI2ECG program in a community
should be based on an evaluation of resources available and
public health priorities. Pre-hospital 12-lead electrocardio-
gram programs should be implemented through a system-
atic process that encompasses all facets of the EMS system
and under the supervision of the EMS physician medical
director (74).

The ACC/AHA (13) has specified the conditions under
which a pre-hospital fibrinolysis program is reasonable: 1)
when physicians are present in the ambulance; or 2) in
well-organized EMS systems with full-time paramedics
capable of acquiring pre-hospital 12-lead electrocardio-
grams and interpreting or reading software through initial
and ongoing training in P12ECG interpretation and myo-
cardial infarction treatment, direct medical oversight, a
medical director with training/experience in STEMI man-
agement, and an ongoing continuous quality improvement
program. However, the strategy of P12ECG alone (without
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immediate fibrinolytic therapy) is a simpler approach and
has established benefits (67). This approach may be further
augmented by use of pre-hospital electrocardiographs that
have the thrombolytic predictive instrument, although pro-
spective validation of its benefits in the out-of-hospital
setting remains untested (75).

Creation of local or regional cardiac destination hospitals,
facilities capable of cardiac catheterization and rapid revas-
cularization has been proposed as a means for improving
outcomes for patients with STEMI (76-78). Availability of
pre-hospital electrocardiography is intrinsic to this proposal.
Current guidelines (13) recommend that STEMI patients
with cardiogenic shock, or with contraindications to fibrino-
lytic therapy, should be brought immediately to facilities
capable of cardiac catheterization and rapid revasculariza-
tion with PCI or coronary artery bypass grafting (13).
Discussions about regionalization should not eclipse the
issue of a continued shortfall in care of the 30% of eligible
STEMI patients who do not receive any reperfusion therapy
(79,80). Pre-hospital 12-lead electrocardiography, with ad-
vance notice of STEMI patients en route to an ED, can
optimally be used to prompt action before the patient’s
arrival. A variety of strategies have been employed, all with
the goal of rapidly instituting therapy to reestablish perfu-
sion of the culprit infarct-related artery. Activation of a
cardiac response team will have care providers and medical
decision makers ready for the arrival of a STEMI patient.
Additional hospital-based resources (e.g., nursing, radiol-
ogy) acting as a team can rapidly accomplish tasks according
to a prearranged design (81). Decisions about a patient’s
treatment and disposition can be made quickly.

In summary, use of PI2ECG with advance ED notifica-
tion in patients with symptoms suggestive of ACS will allow
a greater number of STEMI patients to receive definitive
care more quickly. Pre-hospital 12-lead electrocardiography
with advance notification has the greatest potential for
shortening the time to definitive treatment when the infor-
mation is utilized as a key component of a well-planned and
coordinated program. Use of this technology is supported by
evidence suggesting improved treatment outcomes, but
P12ECG programs are underutilized in the U.S. The
National Heart, Lung, and Blood Institute’s National Heart
Attack Alert Program Coordinating Committee believes
the collective evidence demonstrating benefit of this ap-
proach supports implementation of P12ECG programs in
ALS systems.
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c¢/o NHLBI Information Center, P.O. Box 30105, Bethesda,
Maryland 20824. E-mail: NHLBIinfo@nhlbi.nih.gov.

REFERENCES

1. American Heart Association. Heart Disease and Stroke Statistics—
2005 Update. Dallas, TX: American Heart Association, 2005.

2. National Heart Attack Alert Program Coordinating Committee. 60
minutes to treatment working group. Emergency department: rapid

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Garvey et al. 489

Pre-Hospital 12-Lead ECG Programs

identification and treatment of patients with acute myocardial

infarction. Ann Emerg Med 1994;23:311-29.

. Reimer KA, Lowe JE, Rasmussen MM, Jennings RB. The wavefront

phenomenon of ischemic cell death. 1. Myocardial infarct size vs.
duration of coronary occlusion in dogs. Circulation 1977;56:786-94.

. Boersma E, Maas AC, Deckers JW, Simoons ML. Early thrombolytic

treatment in acute myocardial infarction: reappraisal of the golden
hour. Lancet 1996;348:771-5.

. Cucherat M, Bonnefoy E, Tremeau G. Primary Angioplasty Versus

Intravenous Thrombolysis for Acute Myocardial Infarction (Cochrane
review). The Cochrane Library, Issue 1. Chichester, UK: John Wiley
and Sons Ltd., 2004.

. DeLuca G, Suryapranata H, Ottervanger JP, Antman EM. Time

delay to treatment and mortality in primary angioplasty for acute
myocardial infarction: every minute of delay counts. Circulation

2004;109:1223-5.

. Armstrong PA, Collen D, Antman E. Fibrinolysis for acute myocar-

dial infarction. The future is here and now. Circulation 2003;107:
2533-7.

. Fibrinolytic Therapy Trialists’ (FT'T) Collaborative Group. Indica-

tions for fibrinolytic therapy in suspected acute myocardial infarction:
collaborative overview of early mortality and major morbidity results
from all randomized trials of more than 1000 patients. Lancet
1994;343:311-22.

. DeLuca G, Suryapranata H, Zijlstra F, et al,, for the ZWOLLE

Myocardial Infarction Study Group. Symptom-onset-to-balloon time
and mortality in patients with acute myocardial infarction treated by
primary angioplasty. ] Am Coll Cardiol 2003;42:991-7.

Nallamothu BK, Bates ER. Percutaneous coronary intervention versus
fibrinolytic therapy in acute myocardial infarction: is timing (almost)
everything? Am ] Cardiol 2003;92:824-6.

Antoniucci D, Valenti R, Migliorini A, et al. Relation of time to
treatment and mortality in patients with acute myocardial infarction
undergoing primary coronary angioplasty. Am ] Cardiol 2002;89:
1248-52.

Williams DO. Treatment delayed is treatment denied. Circulation
2004;109:1806—8.

Antman EM, Anbe DT, Armstrong PW, et al. ACC/AHA guidelines
for the management of patients with ST-elevation myocardial infarc-
tion: a report of the American College of Cardiology/American Heart
Association Task Force on Practice Guidelines (Committee to Revise
the 1999 Guidelines for the Management of Patients with Acute
Myocardial Infarction), 2004 (executive summary print version pub-
lished in the ] Am Coll Cardiol, August 4, 2004 issue, or Circulation,
August 3, 2004). Available at http://www.acc.org/clinical/guidelines/
stemi/index.pdf.

Dracup K, Moser DK, Eisenberg M, Meischke H, Alonzo AA,
Braslow A, for the National Heart Attack Alert Program. Causes of
delay in seeking treatment for heart attack symptoms. Soc Sci Med
1994;40:379-92.

Welsh RC, Ornato J, Armstrong PW. Prehospital management of
acute ST-elevation myocardial infarction: a time for reappraisal in
North America. Am Heart ] 2003;145:1-8.

Goldberg RJ, Steg PG, Sadiq I, et al. Extent of, and factors associated
with, delay to hospital presentation in patients with acute coronary
disease (the GRACE registry). Am J Cardiol 2002;89:791-6.

Goff DC, Feldman HA, McGovern PG, et al. Prehospital delay in
patients hospitalized with heart attack symptoms in the United States:
the REACT trial. Am Heart J 1999;138:1046-57.

Goldberg RJ, Gurwitz JH, Gore JM. Duration of and temporal trends
(1994-1997) in prehospital delay in patients with acute myocardial
infarction. The second National Registry Myocardial Infarction. Arch
Int Med 1999;159:2141-7.

Gibler WB, Armstrong PW, Ohman EM, et al. Persistence of delays
in presentation and treatment for patients with acute myocardial
infarction: the GUSTO-1 and GUSTO-III experience. Ann Emerg
Med 2002;39:123-30.

Rogers WJ, Canto JG, Lambrew CT. Temporal trends in the
treatment of over 1.5 million patients with myocardial infarction in the
U.S. from 1990 through 1999. The National Registry of Myocardial
Infarction 1, 2, and 3. ] Am Coll Cardiol 2000;36:2056—63.

Faxon D, Lenfant C. Timing is everything. Motivating patients to call
9-1-1 at onset of acute myocardial infarction. Circulation 2001;104:
1210-1.

Downloaded from content.onlingjacc.org by on February 8, 2006


http://www.acc.org/clinical/guidelines/stemi/index.pdf
http://www.acc.org/clinical/guidelines/stemi/index.pdf
http://content.onlinejacc.org

490

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Garvey et al.
Pre-Hospital 12-Lead ECG Programs

Lambrew CT. The National Heart Attack Alert Program: overview
and mission. ] Thromb Thrombolysis 1996;3:247-8.

Hand M. Act in time to heart attack signs: update on the National
Heart Attack Alert Program’s campaign to reduce patient delay. Crit
Pathways Cardiol: ] Evidence-Based Med 2004;3:128-33.

Hand M. “Act in time to heart attack signs” action plan: a patient-
based critical pathway. Crit Pathways Cardiol: ] Evidence-Based Med
2002;1:61-5.

Bahr R, Hand M. Early heart attack warning signs. Crit Pathways
Cardiol: ] Evidence-Based Med 2002;1:207-8.

Bahr RD. The EHAC (early heart attack care) strategy: citizens chart
the course for healthy people in the year 2000. J Cardiovasc Manag
1995;6:19-23.

Luepker RV, Raczynski JM, Osganian S, et al. Effect of a community
intervention on patient delay and emergency medical service use in
acute coronary heart disease: the Rapid Early Action for Coronary
Treatment (REACT) trial. JAMA 2000;248:60—7.

Canto JG, Zalenski RK, Ornato JP, et al. Use of emergency medical
services in acute myocardial infarction and subsequent quality of care.
Observations from the National Registry of Myocardial Infarction 2.
Circulation 2002;106:3018-23.

Brown AL, Mann NC, Daya M, et al. Demographic, belief and
situational factors influencing the decision to utilize emergency med-
ical services among chest pain patients. Circulation 2000;102:173-8.
Hedges JR, Feldman HA, Bittner V, et al. Impact of community
intervention to reduce patient delay time on use of reperfusion therapy
for acute myocardial infarction: rapid early action for coronary treat-
ment (REACT) trial. REACT study group. Acad Emerg Med
2000;7:862-72.

Lambrew CT, Bowlby L], Rogers W], Chandra NC, Weaver WD.
Factors influencing the time to thrombolysis in acute myocardial
infarction. Time to Thrombolysis Substudy of the National Registry of
Myocardial Infarction-1. Arch Intern Med 1997;157:2577-82.

Swor R, Anderson W, Jackson R, Wilson A. Effects of EMS
transportation on time to diagnosis and treatment of acute myocardial
infarction in the emergency department. Prehospital Disaster Med
1994;9:160—-4.

Siepmann DB, Mann NC, Hedges JR, Daya MR. Association
between prepayment systems and emergency medical services use
among patients with acute chest discomfort syndrome. For the Rapid
Early Action for Coronary Treatment (REACT) study. Ann Emerg
Med 2000;35:573-8.

Becker L, Larsen MP, Eisenberg MS. Incidence of cardiac arrest
during self-transport for chest pain. Ann Emerg Med 1996;28:612—-6.
Grim P, Feldman T, Martin M, et al. Cellular telephone transmission
of 12-lead electrocardiograms from ambulance to hospital. Am J
Cardiol 1987;60:715-20.

Aufderheide TP, Hendley GE, Thakur RK, et al. The diagnostic
impact of prehospital 12-lead electrocardiography. Ann Emerg Med
1990;19:1280-7.

Aufderheide TP, Hendley GE, Thakur RK, et al. Milwaukee Prehos-
pital Chest Pain project. Phase I: feasibility and accuracy of prehospital
thrombolytic candidate selection. Am ] Cardiol 1992;69:991-6.
Karagounis L, Ipsen SK, Jessop MR, et al. Impact of field-transmitted
electrocardiography on time to in-hospital thrombolytic therapy in
acute myocardial infarction. Am J Cardiol 1990;66:786-91.

Giovas P, Papadoyannis D, Thomakos D, et al. Transmission of
electrocardiograms from a moving ambulance. ] Telemed Telecare
1998;4 Suppl 1:5-7.

Canto JG, Rogers W], Bowlby LJ, et al., National Registry of
Myocardial Infarction 2 Investigators. The prehospital electrocardio-
gram in acute myocardial infarction: is its full potential being realized?
J Am Coll Cardiol 1997;29:498-505.

Terkelsen CJ, Norgaard BL, Lassen JF, et al. Telemedicine used for
remote prehospital diagnosing in patients suspected of acute myocar-
dial infarction. J Intern Med 2002;252:412-20.

Lau J, Ioannidis J, Balk E, et al. Evaluation of Technologies for
Identifying Acute Cardiac Ischemia in Emergency Departments.
Evidence Report/Technology Assessment Number 26. AHRQ_Pub-
lication No. 01-E006. Rockville, MD: Agency for Healthcare Re-
search and Quality, 2001.

Lau J, Ioannidis J, Balk E, et al. Diagnosing acute cardiac ischemia in
the emergency department: a systematic review of the accuracy and

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

JACC Vol. 47, No. 3, 2006
February 7, 2006:485-91

clinical effect of current technologies. Ann Emerg Med
2001;37:453-60.

Dalzell GW, Purvis J, Adgey AA. The initial electrocardiogram in
patients seen by a mobile coronary care unit. Q J Med 1991;78:227-33.
Bertini G, Rostagno C, Taddei T, et al. Evaluation of a mobile
coronary care unit protocol in patients with acute onset chest pain.
J Emerg Med 1991;9:57-63.

Aufderheide TP, Keelan MH, Hendley GE, et al. Milwaukee Pre-
hospital Chest Pain project—phase I: feasibility and accuracy of
prehospital thrombolytic candidate selection. Am J Cardiol 1992;69:
991-6.

Aufderheide TP, Hendley GE, Woo J, et al. A prospective evaluation
of prehospital 12-lead ECG application in chest pain patients. J
Electrocardiol 1992;24:8-13.

Kudenchuk PJ, Maynard C, Cobb LA, et al., for the MITT Investi-
gators. Utility of the prehospital electrocardiogram in diagnosing acute
coronary syndromes: the Myocardial Infarction Triage and Interven-
tion (MITT) project. ] Am Coll Cardiol 1998;32:17-27.

Kudenchuk PJ, Ho MT, Weaver WD, et al. Accuracy of computer-
interpreted electrocardiography in selecting patients for thrombolytic
therapy. MITI Project Investigators. ] Am Coll Cardiol 1991;17:
1486-91.

Arntz HR, Stern R, Linderer T, et al. Efficiency of a physician-
operated mobile intensive care unit for prehospital thrombolysis in
acute myocardial infarction. Am J Cardiol 1992;70:417-20.

Otto LA, Aufderheide TP. Evaluation of ST segment elevation
criteria for the prehospital electrocardiographic diagnosis of acute
myocardial infarction. Ann Emerg Med 1994;23:17-24.

Foster DB, Dufendach JH, Barkdoll CM, et al. Prehospital recogni-
tion of AMI using independent nurse/paramedic 12-lead ECG eval-
uation: impact on in-hospital times to thrombolysis in a rural com-
munity hospital. Am ] Emerg Med 1994;12:25-31.

Millar-Craig MW, Joy AV, Adamowicz M, et al. Reduction in
treatment delay by paramedic ECG diagnosis of myocardial infarction
with direct CCU admission. Heart 1997;78:456—61.

Brown JL Jr. An eight-month evaluation of prehospital 12-lead
electrocardiogram monitoring in Baltimore county. Md Med ] 1997;
46 Suppl:64-6.

Aufderheide TP, Rowlandson I, Lawrence SW, Kuhn EM, Selker
HP. A test of the acute cardiac ischemia time-insensitive predictive
instrument (ACI-TIPI) for prehospital use. Ann Emerg Med 1996;
27:193-8.

Svensson L, Axelsson C, Nordlander R, Herlitz J. Prehospital iden-
tification of acute coronary syndrome/myocardial infarction in relation
to ST elevation. Int J Cardiol 2005;98:237-44.

Kereiakes DJ, Weaver WD, Anderson JL, et al. Time delays in the
diagnosis and treatment of acute myocardial infarction: a tale of eight
cities. Report from the Prehospital study group and the Cincinnati
Heart project. Am Heart ] 1990;120:773-80.

Weaver WD, Eisenberg MS, Martin JS, et al. Myocardial Infarction
Triage and Intervention project—phase I patient characteristics and
feasibility of prehospital initiation of thrombolytic therapy. ] Am Coll
Cardiol 1990;15:937-9.

Brainard AH, Raynovich W, Tandberg D, Bedrick EJ. The prehos-
pital 12-lead electrocardiogram’s effect on time to initiation of reper-
fusion therapy: a systematic review and meta-analysis of existing
literature. Am ] Emerg Med 2005;23:351-6.

Morrow DA, Antman EM, Sayah A, et al. Evaluation of the time
saved by prehospital initiation of reteplase for ST-elevation myocardial
infarction: results of the Early Retavase Thrombolysis in Myocardial
Infarction (ER-TIMI) 19 trial. ] Am Coll Cardiol 2002;40:71-7.
Weaver WD, Cerqueira M, Hallstrom AP, et al. Prehospital-initiated
vs. hospital- initiated thrombolytic therapy. The Myocardial Infarction
Triage and Intervention Trial. JAMA 1993;270:1211-6.

Morrison L], Verbeek PR, McDonald AC, Sawadsky BV, Cook DJ.
Mortality and prehospital thrombolysis for acute myocardial infarc-
tion: a meta-analysis. JAMA 2000;283:2686-92.

Williams D, in collaboration with Fitch and Associates. 2004 JEMS
200 city survey. JEMS 2005;30:42—60.

The American Heart Association in collaboration with the Interna-
tional Liaison Committee on Science. Guidelines 2000 for cardiopul-
monary resuscitation and emergency cardiovascular care. An interna-
tional consensus on science. Part 7: the era of reperfusion: section 1:

Downloaded from content.onlingjacc.org by on February 8, 2006


http://content.onlinejacc.org

JACC Vol. 47, No. 3, 2006
February 7, 2006:485-91

65.

66.

67.

68.

69.

70.

71.

72.

acute coronary syndromes (acute myocardial infarction) Circulation
2000;102 Suppl 1:1172-203.

Hutter AM, Weaver WD. 31st Bethesda conference. Emergency
cardiac care. Task force 2: acute coronary syndromes: section 2A—
prehospital issues. ] Am Coll Cardiol 2000;35:846-53.

Crocco TJ, Sayre MR, Aufderheide TP. Position paper: prehospital
triage of chest pain patients. Prehosp Emerg Care 2002;6:224-8.
Aufderheide TP, Kereiakes DJ, Weaver WD, Gibler WB, Simoons
ML. Planning, implementation, and process monitoring for prehos-
pital 12-lead ECG diagnostic programs. Prehospital Disaster Med
1996;11:162-71.

Urban MJ, Edmondson DA, Aufderheide TJ. Prehospital 12-lead
ECG diagnostic programs. Emerg Med Clin North Am 2002;20:
825-41.

Potluri J, Sayre M. Cost-effectiveness of prehospital 12-lead ECGs in
improving outcomes of acute myocardial infarction. Prehosp Emerg
Care 1998;2:217.

Emergency Medical Services Agenda for the Future. U.S. Department
of Transportation. National Highway Traffic Safety Administration.
DOT HS 808 441 August 1996. NTS-42. Washington, DC: U.S.
Department of Transportation, 1996.

National Highway Traffic Safety Administration. 1998 EMT-
paramedic: national standard curriculum. Cardiology section for the
1998 EMT-paramedic: national standard curriculum. Awvailable at:
http://www.nhtsa.dot.gov/people/injury/ems/EMT-P/disk_5%5B1%
5D/5-2.pdf. Accessed December 20, 2005.

Aufderheide TP. Prehospital 12-lead electrocardiography and evalua-
tion of the patient with chest pain. In: Gibler WB, Aufderheide TP,
editors. Emergency Cardiac Care. St. Louis, MO: Mosby Year Book,
1994:38-65.

73.

74.

75.

76.

77.

78.

79.

80.

81.

Garvey et al. 491

Pre-Hospital 12-Lead ECG Programs

Kereiakes DJ, Gibler WB, Martin LH, et al. Relative importance of
emergency medical system transport and the prehospital electrocardio-
gram on reducing hospital time delay to therapy for acute myocardial
infarction: a preliminary report from the Cincinnati Heart project. Am
Heart ] 1992;123:835-40.

Voluntary Guidelines for Out-of-Hospital Practices. A joint policy
statement and PREP between the American College of Emergency
Physicians, the National Association of Emergency Medical Services
Physicians, and the National Association of State Emergency Med-
ical Services Directors. June 2001. Policy # 400305.

Selker HP, Beshansky JR, Griffith JL, for the TPI Trial Investigators.
Use of the electrocardiograph-based thrombolytic predictive instru-
ment to assist thrombolytic and reperfusion therapy for acute myocar-
dial infarction: a multicenter randomized clinical effectiveness trial.
Ann Intern Med 2002;137:87-95.

Califf RM, Faxon DP. Need for centers to care for patients with acute
coronary syndromes. Circulation 2003;107:1467-70.

Topol EJ, Kereiakes DJ. Regionalization of care for acute ischemic
heart disease: a call for specialized centers. Circulation 2003;107:
1463-6.

Willerson JT. Editor’s commentary: centers of excellence. Circulation
2003;107:1471-2.

Eagle KA, Goodman SG, Avezum A, et al. Practice variation and
missed opportunities for reperfusion in ST-segment elevation myocar-
dial infarction: findings from the Global Registry of Acute Coronary
Event (GRACE). Lancet 2002;359:373-7.

Rathore SS, Epstein AJ, Volpp KGM, Krumholz HM. Regionaliza-
tion of care for acute coronary syndromes. More evidence is needed.
JAMA 2005;293:1383-7.

Drake D. Cardiac team: an ED quality improvement success story.
J Emerg Nursing 1998;24:324-8.

Downloaded from content.onlingjacc.org by on February 8, 2006


http://www.nhtsa.dot.gov/people/injury/ems/EMT-P/disk_5%5B1%5D/5-2.pdf
http://www.nhtsa.dot.gov/people/injury/ems/EMT-P/disk_5%5B1%5D/5-2.pdf
http://content.onlinejacc.org

Pre-Hospital 12-L ead Electrocardiography Programs: A Call for

I mplementation by Emergency Medical Services Systems Providing Advanced
Life Support—National Heart Attack Alert Program (NHAAP) Coordinating

Committee; National Heart, Lung, and Blood Institute (NHLBI); National

Institutes of Health

J. Lee Garvey, Bruce A. MacL eod, George Sopko, Mary M. Hand and on behalf of

the National Heart Attack Alert Program (NHAAP) Coordinating Committee

J. Am. Coll. Cardiol. published online Jan 13, 2006;
doi:10.1016/}.jacc.2005.08.072

Thisinformation iscurrent as of February 8, 2006

Updated Information including high-resolution figures, can be found at:

& Services http://content.onlinejacc.org/cgi/content/full/j.jacc.2005.08.07
2vl

References This article cites 73 articles, 24 of which you can access for
free at:
http://content.onlinejacc.org/cgi/content/full/j.jacc.2005.08.07
2v1#BIBL

Rights & Permissions Information about reproducing this article in parts (figures,

tables) or in its entirety can be found online at:
http://content.onlinejacc.org/misc/permissions.dtl

Reprints Information about ordering reprints can be found online:
http://content.onlinegjacc.org/misc/reprints.dtl

JOURNAL of the AMERICAN COLLEGE of CARDIOLOGY

Downloaded from content.onlingjacc.org by on February 8, 2006



http://content.onlinejacc.org/cgi/content/full/j.jacc.2005.08.072v1
http://content.onlinejacc.org/cgi/content/full/j.jacc.2005.08.072v1#BIBL
http://content.onlinejacc.org/misc/permissions.dtl
http://content.onlinejacc.org/misc/reprints.dtl
http://content.onlinejacc.org

	Pre-Hospital 12-Lead Electrocardiography Programs
	Benefits of a P12ECG
	IMPLEMENTING AN EFFECTIVE P12ECG PROGRAM
	REFERENCES


