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Summary: Aggressive reperfusion therapy for myocardial 
infarction (MI) characterized by acute ST-segment eleva-
tion leads to improved patient outcome. Furthermore, use of
thrombolytic therapy is highly time-dependent: reperfusion
therapy is beneficial within 12 h, but the earlier it is admin-
istered, the more beneficial it is. Thus, the focus of both pre-
hospital and emergency department management of patients
with acute MI is on rapid identification and treatment. There
are many components to the time delays between the onset of
symptoms of acute MI and the achievement of reperfusion in
the occluded infarct-related artery. Time delays occur with
both the patient and the prehospital emergency medical sys-
tem, although patient delays are more significant. This article
focuses on the prehospital management of acute MI, includ-
ing (1) the rationale for rapid reperfusion in patients with
acute MI, (2) the factors related to time delays in patient pre-
sentation to the hospital, and (3) strategies for reducing time
delays, both patient- and medical system-based.
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Reperfusion Therapy: The Early Open Artery Theory

There are many components to the time delays between the
patient’s onset of symptoms of acute myocardial infarction
(MI) and the achievement of reperfusion in the occluded in-
farct-related artery (Fig. 1).1 The early open artery theory is
the paradigm in which thrombolytic therapy is understood to
be beneficial in patients with acute MI: early achievement of

an open infarct-related artery is associated with improved pa-
tient outcome.2 Animal studies,3 initial angiographic studies
in patients using intracoronary streptokinase,4, 5 and numerous
other angiographic studies over the subsequent 15 years6–16

have all lent strong support to this theory. An overview of
angiographic studies in over 4,200 patients demonstrated that
patients with a patent infarct-related artery 90 min after treat-
ment with thrombolysis had a 50% lower mortality rate com-
pared with patients who had a persistently occluded artery
(p < 0.00001).17 Furthermore, patients who achieved throm-
bolysis in myocardial infarction (TIMI) grade 3 flow (defined
as a patent artery with normal flow)18 at 90 min had a 66%
lower mortality rate than patients who had an occluded artery
(p < 0.00001).17 Thus, the modern management of acute MI
appropriately focuses on rapid achievement of reperfusion of
the infarct-related artery.

Importance of Time to Treatment

Achievement of early infarct-related artery patency is the
cornerstone of acute MI management. One method of achiev-
ing an open artery early is to begin thrombolytic therapy as
quickly as possible after onset of symptoms. As such, time
can be considered an “adjunctive agent” in a thrombolytic or
reperfusion regimen.1 The importance of time to treatment
was highlighted initially by the first megatrial, Gruppo
Italiano per lo Studio della Streptochinasi nell’Infarto Mio-
cardico (GISSI-1), which found that streptokinase led to a
19% reduction in mortality compared with placebo. How-
ever, patients who were treated within 1 h of the onset of chest
pain had a 50% reduction in mortality.19 The TIMI-2 trial 
extended these observations and found that for each hour ear-
lier that a patient was treated, the absolute mortality rate de-
creased by 1%,20 which translates into an additional 10 lives
saved per 1,000 patients treated (Fig. 2A).17 This has also
been observed in the Global Use of Streptokinase and Tissue
Plasminogen Activator for Occluded Coronary Arteries
(GUSTO)-I trial (Fig. 2B)21, 22 and in an initial series of pa-
tients treated with primary percutaneous transluminal coro-
nary angioplasty.23

The mechanism of benefit of rapid time to treatment fits the
paradigm of the early open artery theory. Rapid time to treat-
ment has been shown to be associated with reduced infarct size
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(Fig. 3) and improved left ventricular function.24, 25 Thus, ear-
lier treatment with either thrombolysis or primary angioplasty
is associated with improved survival, emphasizing the need to
speed treatment.26 With this goal in mind, rapid identification
and transportation of the patient with MI to the hospital have
been the main focus of prehospital management of patients
with MI. Some variables that affect thrombolysis treatment
when the patient is in the emergency department appear in
Table I.

National Heart Attack Alert Program

In recognition of the need to expand the use of known ther-
apies for acute MI, such as thrombolysis and early defibrilla-
tion, the National Heart, Lung, and Blood Institute (NHLBI)

launched the National Heart Attack Alert Program (NHAAP)
in June 1991. The NHAAP is a national education effort to
promote the rapid identification and treatment of acute MI,
with the overriding goal of reducing mortality and morbidity
from acute MI, including sudden death. The NHAAP has 
divided the aspects of acute MI management into three phas-
es, which provide a basis for improving care in the prehospital
and hospital phases of management (Fig. 4).27 Phase I consists
of the patient component of time delay. The NHAAP has sev-
eral initiatives in this area. First, NHAAP personnel helped
sponsor the Rapid Early Access to Coronary Treatment 
(REACT) trial of public education and also made a recom-
mendation for patient/bystander recognition and action, that
is, that the patient must recognize the symptoms and signs of a
possible heart attack and seek help immediately.28, 29 Phase II
is the prehospital action component: emergency medical 
services (EMS) staff should be dispatched appropriately and
respond, evaluate, and transport the patient in the shortest
time possible, while providing needed life-sustaining mea-
sures.30–33 Phase III is the hospital action component: the
emergency department staff of the hospital receives the pa-
tient and must be prepared to diagnose acute MI rapidly34 and
promptly initiate reperfusion (and other) therapy as appropri-
ate.35 The final component is reperfusion therapy, that is, the
time from initiation of thrombolytic therapy to actual achieve-
ment of reperfusion.1

Patient Delays

Studies of treatment delay indicate that the most common
reason for delay is the patient not seeking care promptly.36 The
median delay in seeking care after the onset of symptoms of
acute MI ranges from 2 to 6.4 h.37 In the prethrombolytic era,
an overview of 16 studies noted that the median delay was 
approximately 3 h.38 The median delay to thrombolytic treat-
ment in the National Registry of Myocardial Infarction was
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FIG. 1 Where and how to improve time to reperfusion in patients
with acute myocardial infarction through thrombolysis or primary
percutaneous coronary intervention. PCI = percutaneous coronary
intervention, t-PA = tissue plasminogen activator, r-PA = recombi-
nant tissue plasminogen activator. Adapted from Ref. No. 17 with
permission.
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FIG. 2 Expedited time to thrombolytic treatment is associated with decreased levels of mortality, as evidenced by data from the TIMI-2 (A) and
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2.2 h, although presentation >6 h after symptom onset was the
most common reason for not treating the patient with throm-
bolytic therapy.36 In the TIMI-9 Registry of patients with MI
characterized by ST-segment elevation, 12% of patients could
not be treated with thrombolytics because of presentation >12
h after the onset of symptoms.39 Conversely, very few patients
are treated within the first hour of onset of symptoms: only 3%
of patients in the GUSTO-I trial,40 3% of patients in the TIMI-
2 trial,41 and 11% of patients in the GISSI-I trial19 were treated
within the first hour of symptom onset.

Demographic Factors

Table II shows the various demographic and clinical factors
related to increased and decreased time to patient presenta-
tion.42 Women43–46 and older patients43, 47–49 tend to exhibit

greater delay in presenting to the hospital with acute MI. Only
preliminary information is available at present, but delays ap-
pear to be considerably greater in patients who are African-
American46, 50, 51(up to 11.9 h in one urban study50). In some
studies, low socioeconomic status is associated with an in-
creased delay.52

Several clinical characteristics also affect patient delay. Se-
vere chest pain is associated with reduced delay but only if it is
sudden in onset46 or accompanied by hemodynamic instabili-
ty.43, 48 Patients with a history of angina or diabetes are more
likely to delay than patients without these conditions.43, 44 It 
is amazing that patients already diagnosed with coronary
artery disease, heart failure, or prior MI have the same or great-
er delay times as those without prior coronary disease.37, 47

Other healthcare system factors also play a role. If the pa-
tient calls a physician, delay is significantly increased.46, 53

Such delays may increase as health management organiza-
tions increasingly insist that patients contact their primary care
physician prior to presenting to the emergency department. On
the other hand, if the patient consults a friend, co-worker, or
stranger, he/she presents to the emergency department more
quickly than if consulting a family member/significant oth-
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FIG. 3 In the MITI trial, rapid time to treatment has been shown to
be associated with reduced infarct size, improved left ventricular
function, and reduced mortality. LV = left ventricle. Reproduced with
permission from Weaver WD et al.: Prehospital-initiated vs hospital-
initiated thrombolytic therapy: Myocardial Infarction Triage and In-
tervention Trial. J Am Med Assoc 1993;270:1211–1216. Copyright
1993, American Medical Association.

TABLE I Factors related to emergency department delays in initiat-
ing thrombolysis

• Patient volume
• Arrival by private vehicle
• Atypical symptoms
• Inconsistency of triage
• Patient initially seen by student/intern
• Hospitals without emergency department physicians 
• Cardiology consult (some hospitals)
• Decision of thrombolysis versus primary angioplasty
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FIG. 4 Overview of the NHAAP education initiative that divides
the aspects of acute myocardial infarction management into three
phases, which provide a basis for improving care in the prehospital
and hospital phase of management. ED = emergency department,
EMS = emergency medical services. Adapted from Ref. No 27 with
permission.

TABLE II Factors affecting prehospital delay in patients with symp-
toms and signs of acute myocardial infarction

Factors contributing to increased delay
• Older age
• Female gender
• African-American race
• Low socioeconomic status
• Low emotional or somatic awareness
• History of angina, diabetes, or both
• Consulting a spouse or other relative
• Consulting a physician
• Self-treatment

Factors contributing to decreased delay
• Hemodynamic instability
• Large infarct size
• Sudden onset of severe chest pain
• Recognition by patient that symptoms are heart-related
• Consulting a friend, co-worker, or stranger
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er,42, 46 possibly because family members or significant others
are more easily dissuaded by the patient from calling 9-1-1.46

Many aspects of these delays have the potential to be modified,
and it is hoped that they will translate into improved patient
outcomes (see below).

Transport/Emergency Medical Service-Related Factors

The transport of the patient by ambulance or private vehi-
cle adds only an average of 7 to 22 min to the delay time. In
rural areas, much longer delays are common.54, 55 However,
use of  9-1-1 to access EMS has been shown to decrease the
time to reperfusion with thrombolytic therapy by as much as
60 min for individuals with symptoms and signs of an acute
MI compared with patients who transport themselves.24 Pa-
tients who arrive by EMS are transported rapidly, bypass
emergency department triage, have had vital signs, history,
physical examination, and intravenous lines done in the field.
In addition, the hospital is commonly notified of their condi-
tion prior to arrival and they are, in general, taken more seri-
ously by the emergency department staff than are patients
presenting by private transportation. Unfortunately, only half
of patients with symptoms of a heart attack use the EMS sys-
tem.56 In addition, as of 1995, EMS was only available in
83% of the United States.30 Furthermore, poor coordination
between EMS and other first-response groups (e.g., fire res-
cue squads) in some communities may lead to inadvertent 
delays, which emphasizes the need for community planning
in EMS to eliminate such delays. 

Improving Time to Treatment and Survival

Reducing Patient Delays

Public awareness: The first component of reducing time
delays is improving patient awareness of the symptoms of
acute MI. Two approaches can be taken: (1) education of the
general public (particularly people at risk for, but without,
prior coronary artery disease); and (2) education of patients
with stable coronary artery disease, that is, those at highest
risk for a subsequent MI, who comprise a much smaller
group of patients. 

Public awareness campaigns aimed at encouraging pa-
tients who are experiencing chest pains or cardiac symptoms
to seek medical advice promptly appear to improve the time
between onset of symptoms and presentation to a medical fa-
cility.57, 58 A public campaign in the Geneva, Switzerland,
area led to a significant reduction in the median time from on-
set of pain to hospital arrival, although this reduction was only
25 min (p < 0.001).57 The mean time was reduced by approx-
imately 2.5 h (p < 0.001).57 Of note, however, was an early
transient increase in the number of patients presenting to the
hospital with noncardiac chest pain. Another study also found
that the median time delay was reduced by approximately 40
min, from 3 h to 2 h and 20 min, during a public media cam-
paign (p<0.001).58 These investigators also documented a re-

duction in infarct size as measured by maximum creatine
phosphokinase levels.58 Thus, based on these initial studies,
public campaigns appear to be beneficial in reducing the time
it takes a patient to seek treatment. 

Because limited information is available about the most 
effective types of messages to be used for a public campaign
and their overall impact, the NHAAP sponsored the random-
ized trial REACT. Preliminary findings showed that a broad
campaign increased the number of patients with acute MI
who called 9-1-1 to access the hospital, but there was no over-
all decrease in time to treatment. It should be noted, however,
that different strategies may work in different communities—
that is, a public campaign in New York City might take a very
different approach than one in a rural area. Given the intuitive
benefits of public awareness, many hospitals are currently
“reaching out” with public service messages about heart 
attack awareness.

Patient education: The other approach to reducing patient
delays during the acute MI phase is to focus the resources and
educational materials on patients with coronary artery disease,
a much smaller number compared with the general public.
Patients with stable coronary artery disease or other signifi-
cant risk factors for acute MI (e.g., peripheral vascular disease,
diabetes, etc.) who are appropriately educated may present
earlier to the hospital and have better outcomes. The NHAAP
recommends that in both inpatient and outpatient settings, pri-
mary care physicians (and specialists) provide patients and
their family members with advice about what actions to take
in response to the symptoms of an acute MI (or unstable angi-
na).29, 42 The discussion should include the emotional aspects
(e.g., fear and denial) that patients and those around them may
experience in the acute MI setting, as well as barriers that may
be associated with the healthcare delivery system (such as dis-
tance to the hospital or cost issues).42 Assistance from other
healthcare providers, nurses, for example, should be solicited
to initiate, reinforce, and supplement the counseling. 

Physicians’ offices and clinics should devise a system to
triage patients rapidly when they call or walk in seeking advice
for possible symptoms of acute MI.29, 42 This rapid response
system should be able to activate EMS by calling 9-1-1 and/or
notify the emergency department of an incoming patient with
MI symptoms. They need to discourage patients from driving
to the emergency department. Further research is needed to
learn more about effective counseling strategies, symptom
manifestation in high-risk groups (these include women and
minorities), and healthcare delivery systems that enhance ac-
cess to timely care for patients with acute MI.28

Another practical issue is education of family members.
Since family members can frequently be dissuaded by the 
patient from calling 9-1-1,46 it is important to educate spous-
es and other family members about the signs and symptoms
of acute MI and to emphasize that they carry out the action
plan developed. This can be done in a physician’s office dur-
ing regular follow-up visits for patients with stable coronary
artery disease. 

Reducing transport and EMS delays: The next component
of reducing time delays is focused on reducing transportation
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time. Amazingly, only 50% of patients with acute MI present
to the emergency department by ambulance.56 Since patients
not transported by EMS do not have the benefit of cardiac
monitoring and defibrillation in case of lethal arrhythmia, such
patients do not receive optimal care. In addition, use of the 
9-1-1 EMS system has been shown to reduce time to treatment
with thrombolysis,59 and an ongoing goal is to make 9-1-1 ser-
vice available throughout the United States.30

One of the most important focuses of reducing delays and
providing care is EMS dispatcher education and certifi-
cation.32 These dispatchers need to have the skills to identify
patients at risk for MI over the phone, dispatch a crew with
appropriate training and equipment to care for the patient,
provide the crew with precise directions to the patient’s loca-
tion, and provide the patient/caller with pre-EMS arrival in-
structions, including when and how to perform cardiopul-
monary resuscitation. 

The next components of reducing time delays are improv-
ing response times for EMS, which has been a continuing pri-
ority in the United States and elsewhere, and developing
symptom-specific protocols and treatment standing orders.
These will allow EMS personnel to start the evaluation and
treatment processes while contacting the hospital and com-
municating with an on-line physician. In addition, improved
dialogue and communication between emergency medical
technicians and hospital emergency departments have speed-
ed the time to evaluation and treatment in many hospitals.59

The NHAAP has made recommendations for improving pre-
hospital systems and the preparation of EMS personnel.30–32

Community Planning

Taking a broader view that encompasses more than just
EMS, it must be recalled that there are numerous providers of
prehospital care and new concerns regarding where patients
should be sent. Fire rescue vehicles provide a large proportion
of prehospital care throughout the country, even where EMS
are fully developed. Thus, in 1980, the American Heart Asso-
ciation proposed that the entire community be considered a
coronary care unit.60 The rationale for this is that because
heart attacks occur at home, at work, and in the community,
and people die without potentially lifesaving care, identifica-
tion and treatment of acute MI (and sudden death in particu-
lar, as well as acute coronary syndromes in general) should be
community concerns. Therefore, it is critical that communi-
ties develop an action plan to ensure a consistent, appropriate,
and coordinated response to the needs of patients who will be
accessing their community’s coronary care system and to 
educate patients and the public about the need for early and
appropriate treatment. 

In addition, with the changes in healthcare insurance and
preferred providers, some groups are proposing modifications
in the longstanding policy that patients with acute MI be trans-
ported to the nearest hospital. Transport of  very high risk pa-
tients with acute MI (e.g., those with cardiogenic shock or
contraindications to thrombolysis) to a tertiary care facility
with angioplasty capabilities does appear to be medically

sound in systems where such facilities are available within a
reasonable transport time. However, the criteria and action
plan for such a policy need to be developed. The NHAAP has
made recommendations on the essential components of a
community plan to ensure a seamless response to the patient
with acute cardiac symptoms that is the same as at the emer-
gency department/hospital level.33 The similarities to region-
alization of trauma care and categorization of hospital trauma
care capabilities are readily apparent. Under these circum-
stances, patients are treated during transport. Early notifi-
cation will enable the receiving hospital to prepare for the 
patient’s early reperfusion and lead to a shorter door-to-reper-
fusion time (and compensate for the longer transport time).

Prehospital Electrocardiograms

Prehospital electrocardiograms (ECGs) have been shown to
decrease time to treatment59, 61–64 and are associated with a
lower mortality in one study.65 Prehospital ECGs usually in-
volve both the performance of the ECG in the field and its
transmission to a physician for interpretation.59, 61 By this
means, rapid identification of patients with acute ST-segment
elevation MI is possible, and early evidence indicates that this
speeds treatment and may improve the outcome of patients
with acute MI.24, 59, 61 It is interesting that the time component
that is reduced is the in-hospital time to treatment—that is, the
door-to-needle time (Fig. 5). Since the ECG is already ob-
tained and the patient is identified as having ST-segment ele-
vation MI, there are fewer time delays in obtaining a history or
performing an ECG, for example, and in some cases throm-
bolytic therapy can be readied at the bedside before the patient
actually arrives in the emergency department. In one random-
ized trial, patients whose prehospital ECG was obtained and
transmitted to the emergency department had a significantly
reduced door-to-needle time (30 min compared with 50 min; 
p = 0.004) (Fig. 5).63

A recent study in 66,995 patients in the multicenter National
Registry of Myocardial Infarction-2 trial found that prehos-

D
oo

r-
to

-n
ee

d
le

 t
im

e 
(m

in
)

100

75

50

25

0
n=57 n=55 n=11 n=11

* p=0.004

64
55 50

30*

Walk-ins Private
ambulance

Prehospital
ECG not

transmitted

Prehospital
ECG

transmitted

FIG. 5 In the Cincinnati Heart Project Randomized Trial, patients
who had a prehospital electrocardiogram obtained and transmitted
to the emergency department had a significantly reduced door-to-
needle time. ECG = electrocardiogram. Adapted from Ref. No. 63
with permission. 



C. P. Cannon et al.: Prehospital thrombolysis IV-15

pital ECGs were associated with a 10-min decrease in door-
to-needle time for thrombolysis (p < 0.001) and a 23-min 
decrease in door-to-balloon time for primary angioplasty (p <
0.001) (Fig. 6).65 In addition, patients who had a prehospital
ECG performed were significantly more likely to receive
reperfusion therapy, and more importantly, they had reduced
mortality. Patients with a prehospital ECG had a mortality rate
of 8% compared with 12% for those without a prehospital
ECG. Even after correcting for differences in baseline charac-
teristics in a multivariate model, the performance of a prehos-
pital ECG was associated with improved survival (odds ratio
0.83, 95% confidence interval 0.71–0.96; p = 0.01).65

This study provides evidence that the prehospital ECG is 
an excellent rapid marker of acute MI that helps alert health
professionals to treatment options (e.g., thrombolysis). It also
suggests that other tests, such as a rapid bedside troponin T
measurement66, 67 and other technologies,34 also might assist
in the early identification and management of patients with
acute MI. In addition, performing the ECG early in the course
of the patient evaluation and identifying ST-segment elevation
can help physicians focus on acute MI rather than other diag-
noses. The limitations to implementation of prehospital 12-
lead ECGs are (1) proximity to the hospital (if short, then
transport time will be short—less than 15 min) and (2) cell
phone communication availability (in which case, the para-
medics can be trained to identify ST-segment elevation and
communicate the findings to the hospital). Although the ben-
efits of prehospital ECGs are likely to be somewhat dependent
on the characteristics of the healthcare system, there is strong
evidence pointing to improved system performance in patients
with acute MI who have prehospital ECGs. Thus, healthcare
systems should consider equipping and training the EMS per-
sonnel to perform prehospital ECGs.

Prehospital Thrombolysis

Even with the introduction of field 12-lead ECGs, the de-
velopment of emergency department critical pathways for

acute MI, and improving hospital efficiency, door-to-needle
time remains in the range of 30 min.68 One way to further 
decrease the time from symptom onset to reperfusion is with
prehospital initiation of thrombolytic therapy. By lysing pa-
tients in the field, some of the EMS transport time is saved in
addition to eliminating door-to-needle time. Several trials of
prehospital treatment with thrombolytic therapy have shown
reductions in both time to treatment and mortality, especially
in rural areas (Figs. 7–9).69, 70

The current EMS technological and logistical environ-
ments are ripe for the introduction of prehospital thromboly-
sis, beginning with field 12-lead ECG technology, which has
proven effective and may decrease MI morbidity and mortal-
ity.24, 61, 65 Furthermore, communication technologies, such
as widespread cell phone use and 800-MHz radio coverage,
have been instrumental in improving field-to-hospital com-
munication and 12-lead ECG transmission. In addition, the
recent availability of bolus thrombolytic therapy has facilitat-
ed mixing and administration in the field.

Traditionally, the use of lytics in patients going on to 
planned percutaneous coronary intervention has been avoid-
ed. With the advent of thrombolytic therapy that can be admin-
istered as a double-bolus dose, this tradition may begin to be
relaxed since giving the first bolus dose (injection) does not
commit the patient to receiving the second. An agent like
reteplase, which is administered as two 10 U injections, gives
flexibility in patient treatment because there is no infusion 
required and, if the patient does require intervention after that,
the second injection does not have to be given. Data on “facil-
itated intervention” from the Plasminogen Activator Coronary
Angioplasty Trial (PACT) suggest that thrombolytic therapy
can be administered safely in patients going on to the catheter-
ization laboratory.71 Early results from the ongoing Strategies
for Patency Enhancement in the Emergency Department
(SPEED) trial, the pilot study for GUSTO IV, indicated high
rates of procedural success with earlier patency achieved
when the thrombolytic was started in the emergency depart-
ment prior to acute percutaneous coronary intervention.72

The Myocardial Infarction and Triage Intervention (MITI)
trial compared prehospital versus hospital administration 
of thrombolytic therapy in the Seattle, Washington, area.24

Patients who were treated in the prehospital phase had a signif-
icant reduction in the time to treatment with thrombolytic ther-
apy by 33 min (p < 0.001) (Fig. 7).24 Although mortality was
31% lower, it was not a significant difference in this small tri-
al.24 However, in MITI, patients who were treated within 70
min from the onset of chest pain had a significantly lower mor-
tality rate than those treated later: 1.2 versus 8.7% (p = 0.04). 

The Grampian Region Early Anistreplase Trial (GREAT),
conducted in a rural area in England, compared prehospital or
“home” thrombolysis with hospital-initiated thrombolytic
therapy and documented a >2-h time saving by treatment with
home thrombolysis (Fig. 8).69 Of importance, this 2-h savings
in time to treatment was associated with a 50% reduction in
mortality. At 1-year follow-up, mortality was 10.4% for pa-
tients treated at home compared with 21.6% for patients treat-
ed in the hospital (p = 0.007).69

No 
Prehospital prehospital p

NRMI-2 ECG ECG Value
No. of patients 3,768 66,995

Door-to-needle time (min) 30 40 < 0.001
Door-to-balloon time (min) 92 115 < 0.001
% Thrombolysis 43 37 < 0.001
% Primary PTCA 11 7 < 0.001
Mortality 8 12 < 0.001

FIG. 6 The National Registry of Myocardial Infarction-2 study
found that prehospital electrocardiograms were associated with a
10-min decrease in door-to-needle time for thrombolysis (p < 0.001)
and a 23-min decrease in door-to-balloon time for primary angio-
plasty (p < 0.001). NRMI = National Registry of Myocardial Infarc-
tion, ECG = electrocardiogram, PTCA = percutaneous transluminal
coronary angioplasty. Adapted from Ref. No. 65 with permission.
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The European Myocardial Infarction Project was a large
randomized trial of prehospital versus hospital-based throm-
bolytic therapy.70 A total of 5,469 patients were randomized 
to either prehospital administration of anistreplase or admini-
stration of thrombolytic therapy at the hospital. Investigators
achieved a 55-min reduction in the time to treatment with pre-
hospital thrombolysis, which was associated with a strong
trend toward reduction in the overall 30-day mortality: 11.1 to
9.7% (p = 0.08).70 It is important to note that cardiovascular
mortality was reduced from 9.8 to 8.3% (p = 0.05).70

An overview of all the major prehospital thrombolysis trials
is shown in Figure 9. Prehospital treatment across all trials was

associated with a 17% reduction in mortality (p = 0.03).70 The
recent consensus document of the European Society of Car-
diology and the European Resuscitation Council recommends
implementation of prehospital thrombolysis in any system
where transport time (which includes time from ambulance 
arrival at the home to hospital arrival) exceeds 30 min or the
aggregate of transport time and door-to-needle time in the hos-
pital exceeds 60 min. If less time is involved, hospital-based
thrombolysis is probably just as effective.

Prehospital Aspirin

Given the benefits of aspirin in patients with acute MI and
those of rapid time to treatment with thrombolysis, it has been
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FIG. 7 In the MITI trial (urban setting), prehospital versus hospital
administration of thrombolytic therapy were compared. Patients who
were treated in the prehospital phase had a significant reduction in the
time to treatment with thrombolytic therapy by 33 min (p < 0.001).
Reproduced with permission from Weaver WD et al.: Prehospital-
initiated vs hospital-initiated thrombolytic therapy: Myocardial In-
farction Triage and Intervention Trial. J Am Med Assoc 1993;270:
1211–1216. Copyright 1993, American Medical Association.
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FIG. 8. In the GREAT (rural setting), prehospital or “home” throm-
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and documented a > 2-h time saving by treatment with home throm-
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FIG. 9 An overview of the major prehospital thrombolysis trials: Prehospital treatment across all trials was associated with a 17% reduction in
mortality (p = 0.03). APSAC = anisoylated plasminogen streptokinase activator complex, t-PA = tissue plasminogen activator, UK = urokinase,
RR = relative risk, CI = confidence interval. Reproduced with permission from The European Myocardial Infarction Project Group: Prehospital
thrombolytic therapy in patients with suspected acute myocardial infarction. N Engl J Med 1993;329:383–389. Copyright © 1993, Massa-
chusetts Medical Society. All rights reserved.
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thought that prehospital aspirin might improve patient out-
comes. However, one study found no benefit of prehospital 
aspirin versus administration of aspirin in the hospital.73 A
more recent report from an observational study has suggested
benefit from prehospital aspirin.74 On the other hand, overall
use of aspirin is lower than what is optimal, ranging from as
low as 63% in one study36 to only 87% in others.39, 75 Thus,
standardized protocols or “checklists” that include aspirin in
the prehospital phase will ensure that aspirin is not overlooked.

Additional Therapies

Although not yet studied in prehospital treatment of pa-
tients with acute MI or unstable angina, heparin is an approved
drug in most interhospital advanced life support patient trans-
fers, and future studies should address heparin’s prehospital
role in patients with acute MI. In addition, the availability of
glycoprotein IIb/IIIa receptor inhibitors opens the door to a
whole new consideration of therapies and combinations of
therapies while the patient is transported to the hospital for
medical treatment or primary angioplasty. Further study is 
ongoing and should provide further recommendations and
guidelines to optimize patient treatment.

Conclusions

The field of prehospital management of patients with acute
MI has expanded rapidly in the past several years. It involves
the patients in their own management by trying to educate
them about the importance of rapid access to 9-1-1 for evalu-
ation in case of symptoms suggestive of acute MI. In addi-
tion, emerging evidence supports the prehospital perfor-
mance of ECGs for the rapid identification of patients who
will benefit from reperfusion therapy. Prehospital thromboly-
sis also appears to be beneficial, especially in areas where
combined transport and in-hospital delays are long. Addition-
al studies will help define the role of these strategies in a
broad spectrum of prehospital emergency medical systems.
For example, the current TIMI 19-ER study will address all
the difficulties of implementing such a program, not in a sin-
gle system setting but in 20 systems across the country. It also
includes “facilitated intervention,” which should provide cut-
ting-edge data on optimizing thrombolytic therapy regimens
for the best patient outcomes.
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