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Stephen Moses and Michel Le May are the top-ranked winners of
the 2008/09 competition for CIHR/CMAJ Top Canadian Achieve-
ments in Health Research. Dr. Le May describes his research pro-
ject in the following essay. Dr. Moses’ essay and synopses of the
other 6 winning achievements are available at www.cmaj.ca.

We developed a city-wide program to provide primary
percutaneous coronary intervention as rapid treat-
ment of acute ST-segment elevation myocardial

infarction, a medical emergency where minutes count.1 Com-
pared with fibrinolytic therapy, primary percutaneous coronary
intervention provides more complete and sustained restoration
of blood flow to the affected coronary artery. It also is associ-
ated with lower rates of death, reinfarction and stroke.2 Our
research indicates that primary percutaneous coronary interven-
tion is associated with an in-hospital cost saving of more than
$3000 per patient compared with fibrinolytic therapy.3

Primary percutaneous coronary intervention must be per-
formed promptly to be effective. There is a strong correlation
between “door-to-balloon” time and survival. Among patients
who undergo the procedure, each 30 minutes of delay
increases the relative risk of death at 1 year by 7.5%.4 Be -
cause of the increased risk with time, guidelines currently rec-
ommend a door-to-balloon time of less than 90 minutes.5,6 A
major barrier to achieving this goal is the delay in transferring
patients to a facility where primary percutaneous coronary
intervention can be quickly performed. For instance, in 2004,
the US National Registry of Myocardial Infarction reported
door-to-balloon times of more than 180 minutes for patients
who were transferred.7

We developed Code STEMI, a city-wide program for
Ottawa, Ontario, a city with a population of 800 000 residents
and a single ground-based emergency transport system. All
patients with ST-segment elevation myocardial infarction are
now referred to the University of Ottawa Heart Institute for pri-
mary percutaneous coronary intervention. We also developed
new protocols for transport by emergency medical services and
changed management protocols in emergency departments.

Key elements of the new program include the use of elec-
trocardiography by paramedics before arrival at hospital; per-
mission for ambulance crews to bypass emergency depart-

ments; permission for emergency physicians to mobilize the
catheterization laboratory without consulting a cardiologist or
general internist; use of a single-call activation scheme; cre-
ation of a dedicated room for patients with ST-segment eleva-
tion myocardial infarction at the treatment hospital; implemen-
tation of standardized protocols for adjunct medical therapy
such as acetylsalicylic acid, clopidogrel and heparin; deliver-
ance of prompt feedback to referring physicians and para-
medics; and agreements between hospitals to transfer patients
back after the procedure to ensure efficient use of beds.
Patients are referred through one of two pathways. The first
enables paramedics to interpret the electrocardiogram in the
pre-hospital setting and independently refer patients who have
ST-segment elevation myocardial infarction to the Ottawa
Heart Institute. The second enables emergency physicians at
all Ottawa hospitals to refer patients directly to the Ottawa
Heart Institute. The development of this new city-wide pro-
gram required engagement of all relevant stakeholders, includ-
ing community and university-affiliated cardiologists, emer-
gency physicians, paramedics and hospital administrators.

The Code STEMI program went into full operation on May
1, 2005. During the first year, 344 consecutive patients with
ST-segment elevation myocardial infarction were referred to
the Ottawa Heart Institute for primary percutaneous coronary
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Key points

• Implementation of standardized protocols is essential to
the success of a city-wide program for rapid treatment of
acute ST-segment elevation myocardial infarction.

• The development of such a program requires engagement
of all relevant stakeholders, including community and
university-affiliated cardiologists, emergency physicians,
paramedics and hospital administrators.

• Collaboration with the emergency medical system plays a
central role in ensuring the program’s success.

@@ See related articles by Straus and by Moses
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intervention.8 About 40% were referred directly by paramedics.
This meant that busy emergency departments across the city
were relieved of additional patient loads. The median door-to-
balloon time was significantly shorter for patients referred
directly by paramedics (69 minutes) than for those transferred
from other hospitals (123 minutes). A door-to-balloon time of
less than 90 minutes was achieved for 80% of patients trans-
ferred from the field, as compared with 12% of those trans-
ferred from other hospitals. The median door-to-balloon time
for patients transferred from other hospitals was nearly 60 min-
utes faster than the reported time for interhospital transfer in the
US National Registry of Myocardial Infarction and approached
the results reported in randomized trials. The median door-to-
balloon time for the entire group was 101 minutes.

The most critical achievement of the Code STEMI pro-
gram has been improved survival among patients with ST-
segment elevation myocardial infarction. The in-hospital
mortality rate was 10% among such patients who presented to
Ottawa emergency departments between 2002 and 2004.9

Once the city-wide program was operational, the rate fell to
4.7% during the first year. Since then, the rate has remained at
less than 5%, a 50% reduction. The use of primary percuta-
neous coronary intervention also results in a shorter hospital
stay for recovering patients. During the first year of operation,
the median length of stay in hospital was only 4 days.

Research associated with the development and implemen-
tation of the program has led to pioneering approaches in the
evaluation, treatment and timing of intervention for acute ST-
segment elevation myocardial infarction. Our research has
contributed to the following: documentation of the superiority
of primary percutaneous coronary intervention over fibri-
nolytic therapy;10 evaluation of the cost savings to the health
care system of primary percutaneous coronary intervention
compared with fibrinolysis;3 documentation of the superiority
of a pharmacoinvasive strategy (facilitation of percutaneous
coronary intervention with drugs given before cardiac cath -
eterization) compared with fibrinolytic therapy alone;11 devel-
opment of screening tools to accurately assess the ability of
advanced care paramedics to independently identify patients
with ST-segment elevation myocardial infarction;12 and a pilot
study of the safety and feasibility of advanced care paramedics
independently triaging patients in the field.13

Many centres in Canada are adopting or adapting our Code
STEMI program. Internationally, many centres are consider-
ing adoption of the program.

There are several gaps in our knowledge that need to be
addressed to enhance care. Improvement in outcomes of percu-
taneous coronary intervention with drugs such as fibrinolytic
agents14 or platelet glycoprotein IIb/IIIa receptor inhibitors
given before cardiac catheterization has been disappointing.15

However, a systematic review of trials has shown that clopido-
grel given before the procedure improves patency of the
affected coronary artery as well as survival.16 Novel antiplatelet
agents such as prasugrel and ticagrelor may also prove to be
valuable adjuncts to primary percutaneous coronary interven-
tion. We need to evaluate the safety, feasibility and effective-
ness of these agents given early in the field by paramedics.

Some challenges remain. We need to develop strategies to

improve timely delivery of primary percutaneous coronary inter-
vention for all regions in Canada. Plans to develop programs
such as ours in other jurisdictions will require restructuring and
expansion of the current infrastructure of emergency medical ser-
vices. All ambulances should have equipment to conduct electro-
cardiography in the field to assist with early diagnosis and rapid
triage. Future research needs to focus on methods to increase
public awareness regarding the importance of calling for emer-
gency medical services as soon as symptoms of ischemia occur
in order to reduce time to reperfusion. Today, the challenge is not
just to open the artery but to open it quickly. As Reignier said in
Henry VI, “Defer no time, delays have dangerous ends.”17

Competing interests: None declared.
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