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Abstract

Context: Prompt percutaneous coronary intervention (PCI)
for patients with ST-segment elevation myocardial infarction
(STEMI) can significantly reduce mortality and morbidity,
although its effectiveness may be limited by delays in delivery. In March 2008, our hospital implemented a Heart Alert
protocol to rapidly identify and treat patients with STEMI
presenting to our Emergency Department (ED) with PCI, using strategies previously described to reduce door-to-balloon
times. Before the Heart Alert protocol start date, patients with
STEMI presenting to our ED were treated with thrombolysis.
Objective: We evaluated data from patients with STEMI
after one year of use of our Heart Alert protocol to determine
protocol success on the basis of the percentage of patients
for whom the recommended door-to-balloon times of ≤90
minutes were met. We examined factors involved in implementation of the protocol that contributed to these results.
Design: We conducted a retrospective data and chart
review for patients in the ED with STEMI who underwent
PCI after a Heart Alert protocol activation between March
17, 2008, and March 17, 2009.
Results: During the study period, our staff met the recommended door-to-balloon time of ≤90 minutes (mean
door-to-balloon time, 57.3 ± 17.6 minutes) for 70 of 72
patients (97%) presenting to our ED with STEMI. Sixty-five
of the 72 patients (90.3%) survived to hospital discharge.
Conclusion: Initiation of a Heart Alert protocol at
our hospital resulted in achievement of door-to-balloon
times of ≤90 minutes for 97% of patients with STEMI.
This achievement was obtained through careful preparation, training, and interdepartmental collaboration and
occurred despite immediate conversion from a previous
thrombolytic protocol.

Introduction
Prompt percutaneous coronary intervention (PCI)
for patients with ST-segment elevation myocardial infarction (STEMI) can significantly reduce mortality and
morbidity; however, its effectiveness may be limited by
delays in delivery.1–3 Door-to-balloon time refers to the
interval from arrival of the patient with STEMI at the
Emergency Department (ED) to balloon angioplasty of
the occluded coronary artery in the cardiac catheterization laboratory (CCL). Guidelines from the American
College of Cardiology/American Heart Association and
the European Society of Cardiology recommend a goal
of ≤90 minutes for door-to-balloon time; this measure
is incorporated into national, publicly reported quality
indicators for hospital performance.4–6 The Centers for
Medicare and Medicaid Services and the Joint Commission consider the ≤90 minute door-to-balloon time
a benchmark goal, and facilities must track this as a
core measure.7,8
Strategies associated with shorter door-to-balloon
times have been identified and include Emergency
Medicine (EM) physician activation of the CCL through
a single call to a central page operator while the patient
is en route to the hospital, arrival of staff in the CCL
within 20 minutes of activation, constant presence of
an attending cardiologist on-site, real-time case feedback, and interdisciplinary collaboration throughout
the process.9–11 The D2B Alliance was developed by
the American College of Cardiology to improve doorto-balloon times for patients with STEMI undergoing
PCI, and it has enrolled approximately 1000 hospitals.12
The D2B Alliance strategies include 1) EM physician
activation of the CCL with a single call, 2) preparation
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of the CCL team within 20 to 30 minutes of the call,
3) real-time case feedback, 4) a team-based approach,
and 5) administrative support. The use of prehospital
electrocardiograms (ECG) by emergency medical services (EMS) personnel to activate the CCL is an optional
strategy. Hospitals have implemented several of these
strategies in attempts to improve door-to-balloon times,
with varying levels of success.13–16
In March 2008, our hospital initiated a Heart Alert
protocol involving close collaboration between the
Departments of EM, Cardiology, and Interventional
Cardiology to efficiently identify and treat patients with
STEMI presenting to our ED. Our protocol includes
several of the key strategies to reduce door-to-balloon
times and was preceded by careful training of both
EM physicians, cardiology physicians, and staff before
implementation. A unique feature of our protocol was
the implementation of PCI for STEMI at the start of
the Heart Alert protocol; before initiation of the Heart
Alert protocol, all patients presenting with STEMI
were treated using a thrombolytic protocol. Despite
this, review of our first-year data indicates that we
achieved door-to-balloon times of ≤90 minutes in
97% of patients with STEMI (70 of 72). This report
describes the development, implementation, and
key strategies of our system, as well as specific data
resulting in the achievement of door-to-balloon times
of ≤90 minutes. This report should benefit hospitals
preparing to implement primary PCI for patients with
STEMI, as well as those struggling to achieve target
door-to-balloon times.

Methods
Development and Implementation
of the Heart Alert System
The Santa Clara Medical Center is a suburban teaching hospital located in Santa Clara, CA, sponsoring a
joint residency program in EM with Stanford University
(Stanford/Kaiser EM Residency Program) and its own
residencies in internal medicine, obstetrics-gynecology,
and podiatry. Our hospital also hosts Stanford surgery
and pediatrics residents, as well as Stanford University
and visiting medical students. The hospital has 327
inpatient beds, a 46-bed ED with approximately 60,000
annual patient visits, and three cardiac catheterization
laboratories and on-site cardiothoracic surgery. An
average of 2260 diagnostic coronary angiograms and
1243 PCIs are performed each year. Our facility has
six interventional cardiologists, each performing an
average of 220 coronary catheterizations each year.
Door-to-balloon times are reported to the American
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College of Cardiology National Cardiovascular Data
Registry, to the Joint Commission, and to the Santa
Clara County EMS Agency.
In developing the Heart Alert protocol, an interdisciplinary group of cardiologists, EM physicians,
nurses, and administrators convened to outline the
actions and procedures necessary for achieving doorto-balloon times of ≤90 minutes. Strategies previously
demonstrated to reduce door-to-balloon time were
incorporated into our protocol, including EM physicians activating the CCL through a single call, arrival
of staff in the CCL within 20 minutes after activation,
real-time case feedback, and substantial interdisciplinary collaboration throughout the process. Attending
cardiologists were available on-site during daytime
hours and were available by page to arrive in the ED
within 20 minutes of a Heart Alert activation during all
other hours. Heart Alert activation by the EM physician

Patient presents to ED by triage or EMS with
CP or anginal equivalent symptoms.
Door-to-ECG time ≤ 10 minutes
Triage–ECG obtained prior to detailed MSE/registration
EMS–Charge nurse/unit assistant calls for immediate ECG
ECG-to-CCL activation time ≤ 5 minutes
ECG immediately presented to EM MD; if
STEMI present, EM MD activates Heart
Alert by single call to central page operator
Lab activation-to-CCL door time ≤ 45 minutes
IV, O2, monitor; informed consent obtained; pCXR,
pre-PCI meds (ASA, NTG, heparin, eptifibitide,
metoprolol) from Heart Alert med box
CCL door-to-catheter access time ≤ 15 minutes
Obtain PCI catheter access in CCL
Catheter access-to-guidewire time ≤ 15 minutes
Catheter guidewire traverses lesion
Door-to-balloon time ≤ 90 minutes (cumulative)
Balloon angioplasty with stenting of culprit lesion

Figure 1. Steps involved in the Heart Alert protocol for achieving door-to-balloon
times of ≤90 minutes in 97% of patients during the first year of protocol institution.
ASA = aspirin; CCL = cardiac catheterization laboratory; CP = chest pain; ECG = electrocardiogram;
ED = emergency department; EM = emergency medicine; EMS = emergency medical services; MD = physician;
MSE = medical screening examination; NTG = nitroglycerin; PCI = percutaneous coronary intervention;
pCXR = portable chest radiograph; STEMI = ST-segment elevation myocardial infarction.
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while a STEMI patient was en route to the hospital (on
the basis of a prehospital ECG report) was encouraged
but not mandated. Emergency medical services did not
have the ability to transmit prehospital ECGs to our
facility during this period.
The door-to-balloon time was broken down into the
following clinically relevant intervals: door-to-ECG time
(goal, ≤10 minutes), ECG-to-CCL activation time (goal,
≤5 minutes), CCL activation-to-CCL door time (goal, ≤45
minutes), CCL door-to-catheter access time (goal, ≤15
minutes), catheter access-to-guidewire time (goal, ≤15
minutes), for a door-to-balloon time goal of ≤90 minutes.
Criteria for identification of STEMI on 12-lead ECGs included ST-segment elevation ≥1 mm (0.1 mV) in at least two
anatomically oriented (contiguous) precordial or limb
leads and new or presumably new left bundle branch
block with a strong clinical suspicion of acute
myocardial infarction. Order sets were created
Twelve
to streamline ordering of tests, procedures, and
percent of
medication administration in the ED after CCL
patients had
activation. For rapid procurement and adminisno known
tration of medications (eg, aspirin, nitroglycerin,
cardiac risk
heparin, eptifibatide, metoprolol), a Heart Alert
factors …
medication box was developed that would be
immediately available in the event of a Heart
Alert activation. Figure 1 outlines the steps involved at
each time interval of the Heart Alert protocol.
Our hospital began a number of educational initiatives in advance of initiation of the Heart Alert
protocol. The interventional cardiologists presented
a STEMI lecture series to the EM physicians and staff.
Interdisciplinary Critical Event Team Training sessions
were conducted with mock activation of the Heart Alert
protocol, allowing staff in both the ED and the CCL to
familiarize themselves with the protocol procedures
and identify any improvement opportunities. Finally,
results of each Heart Alert case (including STEMI ECG
image, interval times, catheterization results, and patient
outcomes void of patient identifiers) were provided to
all EM physicians, residents, and staff via e-mail within
one week of each case.
Data Collection and Analysis
The Kaiser Permanente Northern California Institutional Review Board approved our retrospective
chart review and data analysis. We performed a chart
review of all Heart Alert cases presenting to our ED
that received emergency PCI (angioplasty and stent
placement) during the first 12 months of the Heart
Alert protocol (March 17, 2008, to March 17, 2009). A
total of 72 cases met these criteria during the study
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period. The following data were collected for each
patient from electronic medical records: patient age,
sex, race, presence and number of cardiac risk factors; history of coronary artery disease, previous PCI,
or coronary artery bypass graft; mode of presentation
(triage vs EMS); time from symptom onset to ED arrival; initial troponin I level; PCI results; and survival
to hospital discharge. Data were then analyzed using
the software program EpiInfo (Centers for Disease
Control and Prevention, Atlanta, GA, USA) for statistical analysis.
Table 1. Patient characteristics for STEMI Heart
Alert cases (total 72 cases)
Characteristic
Sex (number and % male)
Age (mean ± SD)
Race
African American
Asian
Caucasian
Hispanic
Other
Cardiac risk factors
Hypertension
Hyperlipidemia
Diabetes
Tobacco
Family history of CAD
No known risk factors
Personal history of CAD
Previous history of PCI
Previous history of CABG

Value
56 (77.8)
61.3 ± 13.5 years
Number (%)
2 (2.8)
14 (19.4)
50 (69.4)
3 (4.2)
3 (4.2)
42 (58.3)
32 (44.4)
15 (20.8)
14 (19.4)
13 (18.1)
9 (12.5)
23 (31.9)
17 (23.6)
3 (4.2)

CABG = coronary artery bypass graft; CAD = coronary artery disease;
PCI = percutaneous coronary intervention; STEMI = ST-segment
elevation myocardial infarction.

Results
Patient characteristics for the 72 Heart Alert cases
are shown in Table 1. Approximately 75% of the
patients were men, with an average age of 61 years.
The majority of patients (70%) were Caucasian, with
a smaller percentage of Asian, Hispanic, and AfricanAmerican patients. The most prevalent cardiac risk
factor was hypertension (58%), followed by hyperlipidemia (44%), diabetes (21%), tobacco use (19%),
and family history of CAD (18%). Twelve percent
of patients had no known cardiac risk factors, 25%
had undergone previous PCI, and 4% had a history
of CABG. Sixty-five of the 72 patients (90.3%) in the
cohort survived to hospital discharge. Six men and
1 woman comprised the 7 patients not surviving
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to discharge, with a mean age of 70.9 ± 17.5 years
(range, 40–88 years). The causes of death in these
7 patients were cardiogenic shock (n = 5), anoxic
brain injury after cardiac arrest (n = 1), and severe
sepsis (n = 1).
Table 2 shows the mean, standard deviation, median,
and range for each interval period comprising the doorto-balloon times for the 72 patients with STEMI. The
mean door-to-ECG time was 3.3 ± 10.8 minutes (range,
–50 to 28 minutes). The mean ECG-to-CCL activation
time was 7.5 ± 8.8 minutes, whereas the mean CCL
activation-to-CCL door time was 27.2 ± 11.4 minutes.
The mean door-to-balloon time for the 72 patients was
57.3 ± 17.6 minutes. The times for 2 patients fell outside
of the 90-minute door-to-balloon goal of ≤90 minutes:
94 and 106 minutes.
Table 3 lists ED arrival mode (EMS vs triage), time
from symptom onset to ED arrival, and initial troponin
I level. Nearly three-quarters of the patients arrived by
personal transportation. Analysis of time from symptom onset to ED arrival indicated that 35% of patients
arrived to the ED within one hour of symptom onset;
28% arrived between two and six hours, and 7% arrived >12 hours after symptom onset. The mean for
the initial troponin I level was 1.02 ± 2.86 ng/mL, with
a median of 0.05 ng/mL and a range of <0.02 to 14.92
ng/mL, with 58% of the measurements within the range
of 0.00 to 0.09 ng/mL.
Table 4 demonstrates the distribution of coronary
arteries (culprit lesions) involved in the 72 STEMIs.
The most common lesion involved the left anterior
descending coronary artery (42%), followed by the
right coronary artery (39%); one patient was found to
have a left main coronary artery occlusion.

Discussion
Primary PCI has become the preferred treatment option for patients presenting with STEMI because it has
helped achieve higher rates of TIMI (thrombolysis in
myocardial infarction) grade 3 flow than thrombolysis
has.17,18 Primary PCI has also been shown to be superior to thrombolysis in reducing rates of mortality,
reinfarction, and stroke.19,20 This benefit appears to be
related to a much higher early mechanical reperfusion
rate compared with thrombolysis, to the ability of
simultaneously treating the underlying stenosis, and
to the lower risk of severe bleeding.21 In March 2008,
our hospital converted from a thrombolysis protocol
to a PCI protocol for treating patients presenting to
our ED with STEMI.
After development of a Heart Alert protocol, we
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were able to achieve door-to-balloon times of ≤90
minutes in 97% of our patients with STEMI during
the first year of implementation. The success of the
Heart Alert protocol is predicated on its development on the basis of previous proven strategies,9–11
including published, continuous quality-improvement
Table 2. Mean time intervals (minutes) for STEMI Heart Alert cases
(total of 72 cases)
Interval
Door-to-ECG time
ECG-to-CCL activation time
CCL activation-to-CCL door time
CCL door-to-access time
Access-to-guidewire time
Door-to-balloon time

Mean ± SD
3.3 ± 10.8
7.5 ± 8.8
27.2 ± 11.4
9.0 ± 3.7
10.6 ± 6.2
57.3 ± 17.6

Median
2.0
5.0
23.5
8.5
9.0
56.5

Range
–50.0 to 28
–12.0 to 42.0
6.0 to 61.0
3.0 to 24.0
1.0 to 34.0
30.0 to 106.0

CCL = cardiac catheterization laboratory; ECG = electrocardiogram; SD = standard deviation;
STEMI = ST-segment elevation myocardial infarction.

Table 3. Mode of ED arrival, time from symptom onset
to ED arrival, and initial troponin I levels for STEMI
Heart Alert cases (total of 72)
Aspect
Mode of ED arrival
Ambulance (EMS)
Personal transportation
Time from symptom onset to ED arrival
≤1 hour
1–2 hours
2–6 hours
6–12 hours
>12 hours
Unknown
Initial troponin I level
Mean ± SD
Median
Range

Value
20 (27.8%)
52 (72.2%)
25 (35.2%)
14 (19.7%)
20 (28.2%)
7 (9.9%)
5 (7.0%)
1 (1.4%)
1.02 ± 2.86 ng/mL
0.05 ng/mL
<0.02–14.92 ng/mL

ED = emergency department; EMS = emergency medical services; SD = standard
deviation; STEMI = ST-segment elevation myocardial infarction.

Table 4. Coronary artery (culprit lesion) involved in
STEMI for Heart Alert cases (total of 72 cases)
Coronary artery involved
Left main
LAD
RCA
LCx
Diagonal branch of LAD
Obtuse marginal branch of LCx
Posterior descending artery

Number (%)
1 (1.4)
30 (41.7)
28 (38.9)
6 (8.3)
2 (2.8)
1 (1.4)
4 (5.6)

LAD = left anterior descending; LCx = left circumflex artery; RCA = right coronary
artery; STEMI = ST-segment elevation myocardial infarction.
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analyses resulting in expedited PCI for patients with
STEMI.22–24 Several factors contributed to the success
of our protocol, including
• Organization of an interdisciplinary working group of
cardiologists, EM physicians, nurses, and administrators whose chief role was to develop and outline the
training and protocol implementation.
• Educational and training activities for staff and
physicians before protocol implementation, including STEMI lectures and critical-event team training
involving mock Heart Alert simulations.
• Breakdown of the door-to-balloon time into clinically
relevant intervals, with continued quality analysis of
these intervals to look for areas of improvement.
• Continuous feedback on all Heart Alert cases to all
EM physicians and residents, using a Heart Alert case
series provided by e-mail within one week of each
case. A survey of EM physicians 20 months after
implementation of this series indicated that most EM
physicians reviewed the Heart Alert cases and found
them useful as an educational tool.
Several strategies implemented at each door-toballoon interval in our protocol have contributed
to the ability to obtain door-to-balloon times of ≤90
minutes in such a large proportion of patients with
STEMI (Figure 1). When patients present to our ED
triage with chest discomfort or angina-equivalent
symptoms, a 12-lead ECG is obtained immediately
before a detailed medical screening examination and
patient registration, enabling rapid ECG acquisition.
For similar patients presenting to the ED by EMS, an
ECG is immediately requested by the charge nurse or
unit assistant as the patient is being roomed (before
physician assignment), again reducing any potential
delays in ECG acquisition. Once obtained, the ECG
must be presented to an EM physician as soon as
possible for early detection and recognition of STEMI.
When STEMI is diagnosed, the EM physician activates
a Heart Alert through a single call to a central page
operator, requiring the CCL team to be prepared for
emergency PCI within 20 minutes of the page. Use
of a Heart Alert medication box during the laboratory
activation–to–CCL door interval contributes significantly to reducing this time interval, allowing nurses
to quickly obtain a single medication box containing
all of the necessary pre-PCI medications rather than
needing to remove each medication piecemeal from
the automated medication-dispensing system.
The number of STEMI cases in our first year of the
protocol (72) is similar to those reported for other
large hospitals with high-volume PCI capabilities.14,15
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The majority of patients with STEMI in our study were
men (78%; Table 1) with an average age of 61.3 years,
similar to the sex and age distribution for patients
with STEMI found in a large retrospective review of
the National Registry of Myocardial Infarction (NRMI)
for 2006.25 The racial and ethnic breakdown as well as
the presence and distribution of documented cardiac
risk factors for our patients with STEMI were similar
to results found for patients with STEMI in the NRMI
data review. The percentage of our patients who had
previously undergone PCI was slightly higher than
that noted in the 2006 NRMI registry (23.6% vs 15.5%),
whereas the percentage of patients with previous CABG
in both studies was low (4.2% vs 7.9%).
Evaluation of the interval times for our protocol indicated that the mean door-to-ECG time for all patients
with STEMI was 3.3 ± 10.8 minutes, with a median of
2.0 minutes and a range of -50.0 to +28.0 minutes (Table
2). Door-to-ECG times for 85% of patients were ≤10
minutes. In one patient, STEMI was diagnosed by ECG
in a clinic (door-to-ECG time, -50 minutes) before ED
transport. After omitting this time from the data analysis, the mean door-to-ECG time for the remaining 71
patients was 4.1 ± 8.7 minutes. Phelan et al identified
two main causes of door-to-ECG times >10 minutes in a
study to assess and find ways to decrease door-to-ECG
times in their ED: 1) priority delay (eg, completing triage and registration data entry before obtaining ECGs)
and 2) failure to recognize patients with non-chest-pain
STEMI.26 Before our protocol implementation, all ED
staff were educated about the importance of obtaining ECGs for all patients presenting with chest pain
or symptoms suggestive of ischemia without further
delay, as well as about how to recognize potential
non-chest-pain acute coronary syndrome symptoms.
Once obtained, ECGs are immediately presented to an
EM physician for rapid review.
Use of prehospital ECGs for STEMI activation before
patient arrival can improve door-to-balloon times.27–30
This practice is noted as an optional strategy by the
D2B Alliance. In the first year of our protocol, approximately 28% of patients with STEMI arrived to the ED
by ambulance (Table 3), and half of those patients had
Heart Alert activations that were based on prehospital
ECG reports. All door-to-balloon times for the 10 STEMI
cases in which an alert was activated before arrival
fell below 50 minutes (36.5 ± 5.7 minutes; median, 35
minutes; range, 30–49 minutes). Transmission of prehospital ECGs for rapid triage of patients with STEMI
has also been shown to reduce door-to-balloon times
and can improve early survival of these patients.27,31
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Our county is currently developing a prehospital ECG
transmission system to better improve the sensitivity
and specificity of this application.
EM physician activation of the CCL team decreases
door-to-balloon times.32–34 Mean ECG-to-CCL activation time during our study period (7.5 ± 8.8 minutes)
exceeded the recommended goal of ≤5 minutes, with
a total of 31 of 72 cases exceeding this goal. One case
demonstrated an ECG-to-CCL activation time of 42
minutes. Review of that case indicated that the chief
complaint was epigastric pain, and the door-to-ECG
time for the same case was 0 minutes. It is likely that
the symptoms were not recognized as potentially
cardiac, possibly leading to delays in ECG presentation to and review by the EM physician. Evaluation
of ambiguous ECGs may also result in delay of CCL
activation (eg, ECGs obtained early in the evolution
of a STEMI). Continued case feedback using the Heart
Alert case series, as well as ability of EM physicians
to fax ambiguous ECGs to the on-call cardiologist 24
hours/day should aid in further reduction of this time
interval in our protocol.
The largest component of door-to-balloon time is
typically the time spent within the ED before transfer
to the CCL.14 Our mean CCL activation-to-CCL door time
fell well within our recommended interval (27.2 ± 11.4
minutes; median, 23.5 minutes; recommended goal,
≤45 minutes; Table 2). Only 5 cases (7%) fell outside
of the recommended interval. Careful preparation and
training of the ED staff, well-designed and preprinted
STEMI order sets, use of a Heart Alert medication box
for pre-PCI medications, and careful coordination
among EM physicians, interventional cardiologists, and
ancillary staff contributed to the efficiency of patient
preparation prior to CCL transfer. Use of an electronic
STEMI order set implemented after the first year of
the Heart Alert protocol should further improve the
efficiency of this process.
Time from symptom onset to ED arrival is listed in
Table 3. The percentage of patients presenting within
the first hour of symptom onset in our study (35.2%) is
nearly identical to that found in a similar study involving an identical number of patients (36%, Code STEMI
study).14 In our study period, a smaller percentage of
patients presented between 1 and 2 hours of symptom
onset (19.7%), whereas more presented in the range of
2 to 6 hours (28.2%). The lowest proportion of patients
with STEMI in our study period presented in the range
of 6 to 12 hours (9.9%) and after >12 hours (7%) range,
findings similar to the Code STEMI study.14 In the US,
median delay time from symptom onset to hospital ar-
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rival ranges from 1.5 to 6.0 hours.35 Numerous factors,
including old age, female sex, low education level, low
socioeconomic status, race and ethnic differences, and
presence of chronic health conditions and high-risk
behaviors, have been associated with additional delays
in patients seeking treatment for ACS.35
Approximately 58% of the initial troponin I results for
patients with STEMI fell within the normal range of 0.00
to 0.09 ng/mL. Because troponin I levels rise within 4
to 6 hours of myocardial injury, these results
indicate that the majority of our patients with
The largest
STEMI presented to the ED relatively early in
component
the disease process. Although initial troponin
of door-toI levels are less useful in diagnosing STEMI
balloon time
(compared with non-STEMI and unstable
is typically
angina), baseline troponin levels have been
the time
shown to be independent predictors of 30spent within
day cardiovascular death in patients with
the ED before
STEMI.36 The most common coronary artery
transfer to
involved in STEMI in our patients was the
the CCL.
left anterior descending (41.7%), followed
closely by the right coronary artery (38.9%)
and the left circumflex coronary artery (8.3%) (Table
4). This distribution of coronary artery involvement
is similar to that found in the Code STEMI study cited
earlier, in which the right coronary artery (31%), left
anterior descending (27%), and left circumflex (14%)
were most commonly involved.14
Sixty-five of the 72 patients (90.3%) in our study
cohort survived to hospital discharge. The all-cause inhospital mortality rate for our cohort (9.7%) was higher
than rates reported after implementation of two similar
STEMI protocols (4.2% and 4.7%, respectively).14,37 This
discrepancy may be due, in part, to the severity of
illness in the nonsurvivors in our cohort. Five of 7 patients not surviving to discharge died from cardiogenic
shock, 1 after out-of-hospital cardiac arrest and 1 after
development of severe sepsis, all conditions associated
with significantly higher in-hospital mortality rates.38–40
Further data acquisition and analysis over a longer time
period will be required to determine a true survival
benefit from our Heart Alert protocol.
Initiation of a Heart Alert protocol at our hospital has
resulted in excellent door-to-balloon times during our
first year of implementation, with the achievement of
door-to-balloon times ≤90 minutes in 97% of patients
with STEMI. This achievement was made possible by
careful preparation, training, and interdepartmental collaboration and occurred despite immediate conversion
from a previous thrombolytic protocol. A similar disciplined system can be readily implemented in hospitals
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that are considering developing PCI capability or by
those in need of improvement of door-to-balloon times,
using techniques described in this report. v
Disclosure Statement
The author(s) have no conflicts of interest to disclose.
Acknowledgments
Gus Garmel, MD, FACEP, FAAEM, assisted with study concept
and design, and Avani Mehta and Lora Glasgow, RN, provided
assistance with data acquisition.
Katharine O’Moore-Klopf, ELS, of KOK Edit provided editorial
assistance.
References
1. Berger PB, Ellis SG, Holmes DR Jr, et al. Relationship
between delay in performing direct coronary angioplasty
and early clinical outcome in patients with acute myocardial
infarction: results from the Global Use of Strategies to Open
Occluded Arteries in Acute Coronary Syndromes (GUSTOIIb) Trial. Circulation 1999 Jul 6;100(1):14–20.
2. Cannon CP, Gibson CM, Lambrew CT, et al. Relationship
of symptom-onset-to-balloon time and door-to-balloon
time with mortality in patients undergoing angioplasty for acute myocardial infarction. JAMA 2000 Jun
14;283(22):2941–7.
3. Giugliano RP, Braunwald E; TIMI Study Group. Selecting
the best reperfusion strategy in ST-elevation myocardial
infarction: it’s all a matter of time. Circulation 2003 Dec
9;108(23):2828–30.
4. Antman EM, Hand M, Armstrong PW, et al. 2007 focused
update of the ACC/AHA 2007 guidelines for the management of patients with ST-elevation myocardial infarction:
a report of the American College of Cardiology/American
Heart Association Task Force on Practice Guidelines. Circulation 2008 Jan 15;117(2):296–329. Erratum in: Circulation
2008 Feb 12;117(6):e162.
5. Van de Werf F, Ardissino D, Betriu A, et al; Task Force on the
Management of Acute Myocardial Infarction of the European Society of Cardiology. Management of acute myocardial
infarction in patients presenting with ST-segment elevation.
The Task Force on the Management of Acute Myocardial
Infarction of the European Society of Cardiology. Eur Heart J
2003 Jan;24(1):28–66.
6. Nallamothu BK, Bradley EH, Krumholz HM. Time to treatment in primary percutaneous coronary intervention. N Engl
J Med 2007 Oct 18;357(16):1631–8.
7. Current specification manual for national hospital quality measures, version 3.1a [monograph on the Internet].
Chicago, IL: The Joint Commission; (applicable 2010 Apr 1 to
2010 Sep 30), updated 2010 Jul 2 [cited 2010 Jul 25]. Available from: www.jointcommission.org/PerformanceMeasurement/PerformanceMeasurement/Current+NHQM+Manual.
htm. Click on: ‘Specifications Manual for National Hospital
Inpatient Quality Measures’, version 3.1a.
8. Cyr J, Paige P, Paige P, Fisher D. Sustaining and spreading
reduced door-to-balloon times for ST-segment elevation
myocardial infarction patients. Jt Comm J Qual Patient Saf
2009 Jun;35(6):297–306.

10

9. Moscucci M, Eagle KA. Reducing the door-to-balloon time
for myocardial infarction with ST-segment elevation [editorial]. N Engl J Med 2006 Nov 30;355(22):2364–5.
10. Bradley EH, Herrin J, Wang Y, et al. Strategies for reducing
the door-to-balloon time in acute myocardial infarction. N
Engl J Med 2006 Nov 30;355(22):2308–20.
11. Bradley EH, Roumanis SA, Radford MJ, et al. Achieving
door-to-balloon times that meet quality guidelines: how
do successful hospitals do it? J Am Coll Cardiol 2005 Oct
4;46(7):1236–41.
12. Krumholz HM, Bradley EH, Nallamothu BK, et al. A campaign to improve the timeliness of primary percutaneous
coronary intervention: Door-to-Balloon: An Alliance for
Quality. JACC Cardiovasc Interv 2008 Feb;1(1):97–104.
13. Bradley EH, Nallamouthu BK, Stern AF, et al. Contemporary
evidence: baseline data from the D2B alliance. BMC Res
Notes 2008 Jun 11;1:23.
14. Parikh R, Faillace R, Hamdan A, et al. An emergency physician activated protocol, ‘Code STEMI’ reduces door-toballoon time and length of stay of patients presenting with
ST-segment elevation myocardial infarction. Int J Clin Pract
2009 Mar;63(3):398–406.
15. Kurz MC, Babcock C, Sinha S, Tupesis JP, Allegretti J. The
impact of emergency physician-initiated primary percutaneous coronary intervention on mean door-to-balloon time in
patients with ST-segment-elevation myocardial infarction.
Ann Emerg Med 2007 Nov;50(5):527–34.
16. Drexler AJ, Johnson D. Creating a “Code STEMI” improves
care for cardiac patients. Nursing 2008 Jun;38(6):17–8.
17. Aasa M, Kirtane AJ, Dellborg M, et al. Temporal changes
in TIMI myocardial perfusion grade in relation to epicardial
flow, ST-resolution and left ventricular function after primary
percutaneous coronary intervention. Coron Artery Dis 2007
Nov;18(7):513–8.
18. Giugliano RP, Sabatine MS, Gibson CM, et al. Combined
assessment of thrombolysis in myocardial infarction flow
grade, myocardial perfusion grade, and ST-segment resolution to evaluate epicardial and myocardial reperfusion. Am J
Cardiol 2004 Jun 1;93(11):1362–7, A5–6.
19. Andersen HR, Nielsen TT, Rasmussen K, et al; DANAMI-2
Investigators. A comparison of coronary angioplasty with
fibrinolytic therapy in acute myocardial infarction. N Engl J
Med 2003 Aug 21;349(8):733–42.
20. Keeley EC, Boura JA, Grines CL. Primary angioplasty versus
intravenous thrombolytic therapy for acute myocardial
infarction: a quantitative review of 23 randomised trials.
Lancet 2003 Jan 4;361(9351):13–20.
21. Widimsky P, Wijns W, Fajadet J, et al; European Association
for Percutaneous Cardiovascular Interventions. Reperfusion therapy for ST elevation acute myocardial infarction in
Europe: description of the current situation in 30 countries.
Eur Heart J 2010 Apr;31(8):943–57.
22. Caputo RP, Ho KK, Stoler RC, et al. Effect of continuous
quality improvement analysis on the delivery of primary percutaneous transluminal coronary angioplasty for acute myocardial infarction. Am J Cardiol 1997 May 1;79(9):1159–64.
23. Ward MR, Lo ST, Herity NA, Lee DP, Yeung AC. Effect of
audit on door-to-inflation times in primary angioplasty/
stenting for acute myocardial infarction. Am J Cardiol 2001
Feb 1;87(3):336–8, A9.

The Permanente Journal/ Fall 2010/ Volume 14 No. 3

ORIGINAL RESEARCH & CONTRIBUTIONS

Factors Contributing
to Door-to-Balloon
TimesTimes
of ≤ 90of
Minutes
in 97% ofinPatients
with
ST-Elevation
Factors
Contributing
to Door-to-Balloon
≤90 Minutes
97% of
Patients
with Myocardial Infarction: Our One-Year Experience with a HeartAlert Protocol  
ST-Elevation Myocardial Infarction: Our One-Year Experience with a Heart Alert Protocol

24. Caputo RP, Kosinski R, Walford G, et al. Effect of continuous quality improvement analysis on the delivery of primary
percutaneous revascularization for acute myocardial infarction: a community hospital experience. Catheter Cardiovasc
Interv 2005 Apr;64(4):428–33.
25. Rogers WJ, Frederick PD, Stoehr E, et al. Trends in presenting characteristics and hospital mortality among patients
with ST elevation and non-ST elevation myocardial infarction in the National Registry of Myocardial Infarction from
1990 to 2006. Am Heart J 2008 Dec;156(6):1026–34.
26. Phelan MP, Glauser J, Smith E, et al. Improving emergency
department door-to-electrocardiogram time in ST segment
elevation myocardial infarction. Crit Pathw Cardiol 2009
Sep;8(3):119–21.
27. Ting HH, Krumholz HM, Bradley EH, et al; American Heart
Association Interdisciplinary Council on Quality of Care and
Outcomes Research, Emergency Cardiovascular Care Committee; American Heart Association Council on Cardiovascular Nursing; American Heart Association Council on Clinical
Cardiology. Implementation and integration of prehospital
ECGs into systems of care for acute coronary syndromes: a
scientific statement from the American Heart Association
Interdisciplinary Council on Quality of Care and Outcomes
Research, Emergency Cardiovascular Care Committee,
Council on Cardiovascular Nursing, and Council on Clinical
Cardiology. Circulation 2008 Sep 2;118(10):1066–79.
28. Terkelsen CJ, Lassen JF, Nørgaard BL, et al. Reduction in
treatment delay in patients with ST-elevation myocardial infarction: impact of pre-hospital diagnosis and direct referral
to primary percutaneous coronary intervention. Eur Heart J
2005 Apr;26(8):770–7.
29. Morrison LJ, Brooks S, Sawadsky B, McDonald A, Verbeek
PR. Prehospital 12-lead electrocardiography impact on
acute myocardial infarction treatment times and mortality: a
systemic review. Acad Emerg Med 2006 Jan;13(1):84–9.
30. Brown JP, Mahmud E, Dunford JV, Ben-Yehuda O. Effect of
prehospital 12-lead electrocardiogram on activation of the
cardiac catheterization laboratory and door-to-balloon time
in ST-segment elevation acute myocardial infarction. Am J
Cardiol 2008 Jan 15;101(2):158–61.
31. Sivagangabalan G, Ong AT, Narayan A, et al. Effect of
prehospital triage on revascularization times, left ventricular
function, and survival in patients with ST-elevation myocardial infarction. Am J Cardiol 2009 Apr 1;103(7):907–12.

32. Kraft PL, Newman S, Hanson D, Anderson W, Bastani A.
Emergency physician discretion to activate the cardiac catheterization team decreases door-to-balloon time for acute
ST-elevation myocardial infarction. Ann Emerg Med 2007
Nov;50(5):520–6.
33. Kurz MC, Babcock C, Sinha S, Tupesis JP, Allegretti J. The
impact of emergency physician–initiated primary percutaneous coronary intervention on mean door-to-balloon time in
patients with ST-segment-elevation myocardial infarction.
Ann Emerg Med 2007 Nov;50(5):527–34.
34. Magid D, Bradley EH. Emergency physician activation of the
cath lab: saving time, saving lives. Ann Emerg Med 2007
Nov;50(5):535–7.
35. Moser DK, Kimble LP, Alberts MJ, et al. Reducing delay in
seeking treatment by patients with acute coronary syndrome and stroke: a scientific statement from the American
Heart Association Council on Cardiovascular Nursing and
Stroke Council. Circulation 2006 Jul 11;114(2):168–82.
36. Sherwood MW, Morrow DA, Scirica BM, et al. Abstract
977: Baseline troponin levels predict 30 day CV mortality in STEMI independent of clinical and electrocardiographic factors: analysis from CLARITY-TIMI 28. Circulation
2008;118:S_636.
37. Le May M. Code STEMI: implementation of a city-wide program for rapid assessment and management of myocardial
infarction. CMAJ 2009 Oct 13;181(18):E136–7.
38. Peterson ED, Dai D, DeLong ER, et al; NCDR Registry
Participants. Contemporary mortality risk prediction for
percutaneous coronary intervention: results from 588,398
procedures in the National Cardiovascular Data Registry. J
Am Coll Cardiol 2010 May 4;55(18):1923–32.
39. Lettieri C, Savonitto S, De Servi S, et al; LombardIMA Study
Group. Emergency percutaneous coronary intervention in
patients with ST-elevation myocardial infarction complicated
by out-of-hospital cardiac arrest: early and medium-term
outcome. Am Heart J 2009 Mar;157(3):569–75.
40. Levy MM, Dellinger RP, Townsend SR, et al; Surviving Sepsis
Campaign. The Surviving Sepsis Campaign: results of an
international guideline-based performance improvement
program targeting severe sepsis. Crit Care Med 2010
Feb;38(2):367–74.

The Chief
Of all the ailments which may blow out life’s little candle,
heart disease is the chief.
—William Boyd, 1885-1979, Scottish-Canadian pathologist and academic
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