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Objectives: To determine out-of-hospital cardiac arrest sur-
vival rates before and after implementation of the Take Heart
America program (a community-based initiative that sequentially
deployed all of the most highly recommended 2005 American
Heart Association resuscitation guidelines in an effort to increase
out-of-hospital cardiac arrest survival).

Patients: Out-of-hospital cardiac arrest patients in Anoka County,
MN, and greater St. Cloud, MN, from November 2005 to June 2009.

Interventions: Two sites in Minnesota with a combined population
of 439,692 people (greater St. Cloud and Anoka County) imple-
mented: 1) widespread cardiopulmonary resuscitation and auto-
mated external defibrillator skills training in schools and businesses;
2) retraining of all emergency medical services personnel in methods
to enhance circulation, including minimizing cardiopulmonary resus-
citation interruptions, performing cardiopulmonary resuscitation before
and after single-shock defibrillation, and use of an impedance threshold
device; 3) additional deployment of automated external defibrillators in
schools and public places; and 4) protocols for transport to and treat-
ment by cardiac arrest centers for therapeutic hypothermia, coronary
artery evaluation and treatment, and electrophysiological evaluation.

Measurements and Main Results: More than 28,000 people
were trained in cardiopulmonary resuscitation and automated
external defibrillator use in the two sites. Bystander cardiopul-
monary resuscitation rates increased from 20% to 29% (p = .086,
odds ratio 1.7, 95% confidence interval 0.96-2.89). Three cardiac
arrest centers were established, and hypothermia therapy for
admitted out-of-hospital cardiac arrest victims increased from
0% to 45%. Survival to hospital discharge for all patients after
out-of-hospital cardiac arrest in these two sites improved from
8.5% (nine of 106, historical control) to 19% (48 of 247, interven-
tion phase) (p = .011, odds ratio 2.60, confidence interval 1.19-
6.26). A financial analysis revealed that the cardiac arrest centers
concept was financially feasible, despite the costs associated
with high-quality postresuscitation care.

Conclusions: The Take Heart America program doubled cardiac
arrest survival when compared with historical controls. Study of
the feasibility of generalizing this approach to larger cities, states,
and regions is underway. (Crit Care Med 2011; 39:26-33)
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alf a century after closed-
chest cardiopulmonary re-
suscitation (CPR) was first
described, cardiac arrest re-
mains a leading cause of premature death

for >350,000 patients annually in the
United States alone (1-4). Recognizing
the need for improved survival rates after
cardiac arrest, the Take Heart America
(THA) program was conceptualized in

2004 to improve survival from cardiac
arrest by implementing all of the highest-
level 2005 American Heart Association
(AHA) CPR and Emergency Cardiovascu-
lar Care guidelines (5) together in a com-

*See also p. 194.

From Allina Medical Transportation (CJL, KKB), St.
Paul, MN; Medical College of Wisconsin (TPA), Milwau-
kee, WI; Resurgent Biomedical Consulting (RAN), Shore-
line, WA; St. Cloud Technical College (JES), St. Cloud, MN;
Central Minnesota Heart Center (SPD, SYOS, DAO, JDO,
KGL), St. Cloud, MN; Allina Health System (SDN), Minne-
apolis, MN; City of Austin/Travis County Emergency Med-
ical Services System (LG), Austin, TX; Gold Cross Ambu-
lance (JAK), St. Cloud, MN; Take Heart Minnesota (SKW,
DLG, KGL), Roseville, MN; The Ohio State University Med-
ical Center (MRS), Columbus, OH; Advanced Circulatory
Systems (TAP, KGL), Roseville, MN; Piedmont Newnan
Hospital (EMR), Newnan, GA; University of Minnesota (DY,
KGL), Minneapolis, MN.

Funding and in-kind support were provided in part by
the CentraCare Health Foundation, Allina Hospitals and
Clinics, Mercy & Unity Hospital Foundations, Medtronic
Corporation, Medtronic Foundation, St. Jude Medical

26

Foundation, Boston Scientific Foundation, and Advanced
Circulatory Systems.

Work was performed in Anoka County, MN, and greater
St. Cloud, MN, from November 2005 to June 2009.

Charles J. Lick, MD, is the Emergency Medical Ser-
vices Medical Director for Allina Medical Transportation.
Tom P. Aufderheide, MD, is employed by Medical College
of Wisconsin, received grants from Resuscitation Out-
comes Consortium (NIH UO1 HL077866), Neurological
Emergencies Treatment Trials (NETT) Network (NIH U10
NS058927), IMMEDIATE Trial (NIH RO1 HL077821), and
ResQTrial (NIH 2-R44-HL65851). He is a Board Member
of Take Heart America, a Consultant for JoLife, Medtronic,
and a Volunteer for the National American Heart Associ-
ation. Robert A. Niskanen, MSEE, is affiliated with Resur-
gent Biomedical Consulting, is a Consultant for Mediv-
ance, Jolife AB, Advanced Circulatory Systems, Atrus,
CPR Medical Devices, AR, Take Heart America, and Sud-
den Cardiac Arrest Survival Initiative. Susan D. Nygaard, RN,

is employed by Allina Health System and Take Heart Amer-
ica. Sarah K. Wald, BA, and Debbie L. Gillquist, EMT-P, are
employed by Take Heart America, which received grants
from Medtronic, the Medtronic Foundation, the Laerdal Foun-
dation, St. Jude’s Medical Foundation, Boston Scientific
Foundation, CentraCare Health Foundation, and the Mercy
and Unity Hospitals Foundation. Terry A. Provo, EMT-P, is
affiliated with Advanced Circulatory Systems. Keith G. Lurie,
MD, is Founder of Advanced Circulatory Systems, a resus-
citation device manufacturer that manufactures the imped-
ance threshold device (ResQPOD). The remaining authors
have not disclosed any potential conflicts of interest.

For information regarding this article, E-mail:
klurie@takeheartminnesota.org

Copyright © 2010 by the Society of Critical Care
Medicine and Lippincott Williams & Wilkins

DOI: 10.1097/CCM.0b013e3181fa7ced

Crit Care Med 2011 Vol. 39, No. 1



Systems-Based Approach

* Widespread CPR & Rapid Response

AED Training

.

e AEDsin Lay
communities Public
* Public Education

Resuscitation Centersof |y Hospital

Excellence
+ Therapeutic
Hypothermia

» 24/7 Revascularization

* ICDs &
Electrophysiology

+ TrackOutcomes

Start CPR immediately
High Performance CPR
Impedance Threshold
Device

First
Responder

I w I * Rapid AED placement

EMS~_ High Performance CPR

Advanced Airways
Intra-osseous drug
delivery (optional)

Impedance Threshold
Device

Automated CPR
Devices (optional)

Figure 1. The comprehensive, community-wide, systems-based approach of the Take Heart America
program. CPR, cardiopulmonary resuscitation; AED, automated external defibrillator; EMS, emer-
gency medical services; ICD, implantable cardioverter defibrillator.

prehensive, community-wide, systems-
based approach. The THA initiative was
based on the treatment model of other
complex disease states, like heart failure,
leukemia, or human immunodeficiency
virus infection, for which multiple ther-
apies must be deployed simultaneously
for successful cure or remission (6).
The THA initiative, described herein
for the first time to our knowledge, is
centered on optimizing the clinical inter-
actions and synergy between multiple se-
quential interventions; the four general
areas of care are shown in Figure 1. The
interventions are focused on emergency
medical services system rescuer defibril-
lation (7), comprehensive community-
wide CPR and automated external defi-
brillator (AED) training (8), initiation
and optimization of circulation as soon as
possible once a patient is recognized to be
in cardiac arrest (9-11), use of public
access defibrillation (12), advanced life
support (ALS) in the appropriate se-
quence once circulation has been pro-
vided for a minimum period of time (7,
12, 13), and then delivery of resuscitated
patients to specialized cardiac arrest cen-
ters (CACs) that optimize postresuscita-
tion care (14-19). Each of the interven-
tions in the prehospital phase is directed
toward increasing circulation to the heart
and brain as soon as possible. For exam-
ple, higher bystander CPR rates result in
more rapid initiation of some circulation,
whereas application of the impedance
threshold device results in greater circu-
lation to the heart and brain, based on
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previously described physiologic mecha-
nisms (5). After resuscitation, interven-
tions such as therapeutic hypothermia
and percutaneous coronary interventions
are centered on optimizing postresusci-
tation care to allow full recovery of the
heart and brain.

The hypothesis tested by this transla-
tional research project is that out-of-
hospital survival rates will increase with-
out an increase in expenses or worsening
of neurologic function when a compre-
hensive, community-wide, systems-based
treatment approach is used to treat pa-
tients who have cardiac arrest. The pur-
pose of this study was to compare survival
to hospital discharge rates, the primary
end point, the neurologic function of sur-
vivors at hospital discharge, and costs
associated with care in CACs before and
after implementation of the THA pro-
gram in two demonstration communities
in Minnesota.

MATERIALS AND METHODS

THA Demonstration Project
Communities

The THA initiative in St. Cloud was re-
viewed and approved by the Institutional Re-
view Board of St. Cloud Hospital (St. Cloud,
MN). The THA initiative in Anoka County was
approved by the Allina Hospitals and Clinics
Institutional Review Board (Minneapolis, MN).
The THA phase I initiatives were performed in
greater St. Cloud, MN, which included the
cities of St. Cloud, Waite Park, Sartell, Sauk

Rapids, Cold Spring, St. Joseph, and St. Au-
gusta, and in all of Anoka County. The popu-
lation of greater St. Cloud, MN, is approxi-
mately 112,000 and the population of Anoka
County, MN, is approximately 298,000.

Both greater St. Cloud and Anoka County
provide a two-tiered response when 911 is
called for a cardiac arrest. Police and fire de-
partments operate under local medical direc-
tion in greater St. Cloud; ALS is provided by
Gold Cross Ambulance, under medical control
from the Mayo Clinic in Rochester, MN. In
greater St. Cloud, Gold Cross Ambulance
transports approximately 13,000 patients per
year.

Anoka County Police and Fire operate un-
der local medical direction; ALS is provided by
Allina Medical Transportation, which is based
in St. Paul, MN. Allina Medical Transportation
provides basic life support, ALS, and scheduled
transport to approximately 13,500 patients an-
nually in Anoka County, MN.

Patient Enrollment Timeframes

In Anoka County, MN, control period data
were collected from January 1, 2005 through
December 31, 2005 (12 months). High-
performance CPR (Table 1) was introduced to
Anoka County emergency medical services
personnel in December 2005; this new ap-
proach was fully implemented and became the
standard of care in Anoka County by July 2006.
Thus, in Anoka County, the intervention pe-
riod data collection began July 1, 2006, and
continued through December 31, 2007 (18
months). In January 2008, Anoka County ALS
providers fully implemented the use of auto-
mated CPR devices and, as such, data from
2008 and beyond therefore were not included
in this analysis.

In St. Cloud, MN, control period data were
collected from December 3, 2004 through De-
cember 3, 2005 (12 months). High-perfor-
mance CPR was introduced in St. Cloud in
July 2006, and this approach was fully imple-
mented by the end of 2006. In greater St.
Cloud, the intervention-phase data collection
began January 1, 2007, and continued through
June 30, 2009 (30 months).

THA Infrastructure

Efforts to introduce the THA program in
St. Cloud and Anoka County began in Septem-
ber 2005. A site coordinator, funded by the
receiving hospital foundation at each site,
helped establish collaboration and implement
the THA initiative with city administrators,
police and fire departments, school system
administrators, survivors and survivor net-
work organizations, ALS transport team mem-
bers, hospital administration, and key clini-
cians in each CAC.
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Table 1.
Association CPR Guidelines recommendations

High-performance cardiopulmonary resuscitation based on the 2005 American Heart

2005 American Heart Association
Guidelines Recommendations

Class Level

Deliver effective compressions

Compress the chest 1.5 to 2 inches at a rate of 100/min ITa
Minimize interruptions between compressions JIF
Use of an impedance threshold device on advanced airway ITa
Compression to ventilation ratio of 30:2 for basic life support ITa
and asynchronous ventilation at 10 mins once advanced
airway is placed
Perform cardiopulmonary resuscitation for 2 mins after shock Ila
for ventricular fibrillation
Cardiopulmonary resuscitation for 2 mins before shock if IIb
ventricular fibrillation present for >4 mins
Allow full chest wall recoil 1Ib
Perform 50% duty cycle for chest compression and pass IIb
relaxation
Rotate compressors every 2 mins in <5 secs b
Ventilate with approximately 600 mL tidal volume/positive 1b

pressure breath

Maintain two-handed face mask seal during bag valve mask

ventilation

Recommended but without
specific class

Increasing Public Awareness,
Community CPR Training, and
AED Availability

THA staff in both sites worked with leaders
in the community, including city council
members, fire and police, ALS providers, hos-
pital administrators, public school administra-
tors, religious congregations, and local busi-
nesses to generate awareness about cardiac
arrest and the THA program. Articles featur-
ing patients who survived cardiac arrest were
printed in local and statewide newspapers, in-
cluding one on the benefits of therapeutic
hypothermia after the first patient was cooled
in St. Cloud Hospital in December 2005 (20).

Using the AHA CPR Anytime 25-min train-
ing kit (American Heart Association, Dallas,
TX) (8), all tenth grade students in greater St.
Cloud and their family members were taught
how to perform CPR and use an AED. The
educational initiative focused on starting
chest compressions immediately, achieving
adequate compression depth, ensuring the
palm of the hand comes off the chest during
the chest wall recoil phase to reach complete
recoil (21, 22), and delivering mouth-to-
mouth rescue breathing. Instructors empha-
sized the importance of performing hands-
only CPR if lay rescuers did not want to
perform mouth-to-mouth breathing. Cardiac
arrest survivors played a key role in these
activities either by actually providing CPR
training in conjunction with trained instruc-
tors or by talking to the students. Additionally,
bystander CPR training was provided to civic
groups, city employees, and various busi-
nesses. A similar program was also initiated in
Anoka County, a community that has worked
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with Allina’s Heart Safe Community AED/CPR
program since 2001. In 2008, THA initiated a
pilot program called “CPR Goes to College,” in
which every student at St. Cloud State Univer-
sity was trained in CPR using the AHA’s CPR
Anytime kit. In addition, in 2008, public tele-
vision in Minnesota produced and broadcasted
a 30-min documentary on THA (http://
www.takeheartminnesota.org/resources.htm).

AEDs were deployed in places where there
was an increased likelihood of someone having
a cardiac arrest, including schools, businesses,
fitness centers, religious organizations, large
supermarkets, and shopping centers. In addi-
tion, all first-responder vehicles (police, fire,
sheriff) were equipped with AEDs. First-
responder personnel were concurrently
trained in high-performance CPR.

Cardiac arrest survivors also participated
in creating public awareness. Survivors
founded local survivor network chapters in
greater St. Cloud and Anoka County, spon-
sored in part by the THA program to provide
emotional and psychological support. Survi-
vors and families played an active role in
teaching bystander CPR and how to use an
AED in their respective communities and par-
ticipated in larger survivor organizations such
as the Sudden Cardiac Arrest Association and
the Sudden Cardiac Arrest Foundation.

First-Responder Training

First responders were taught what THA
termed high-performance CPR. This curricu-
lum focused on didactic and skills training
related to the key AHA-recommended CPR
techniques and devices that together more
than double circulation during CPR (5, 7, 9,

10, 21-25). Training stressed the importance
of 1) starting chest compressions immediately
at a rate of 100 compressions per minute with
a depth of 1.5-2.0 inches and a 30:2 compres-
sion-to-ventilation ratio; 2) applying the im-
pedance threshold device (ResQPOD; Ad-
vanced Circulatory Systems, Roseville, MN) as
soon as possible with a two-handed tight face
mask seal applied continuously at all times; 3)
a ventilation tidal volume of approximately
600 mL; 4) delivery of each breath rapidly over
1 sec; 5) full chest wall recoil; 6) 2 mins of CPR
before analyzing cardiac rhythm followed by 2
mins of continuous CPR immediately after a
single defibrillator shock; and 7) minimal in-
terruptions in chest compressions. To accom-
plish full chest wall recoil, rescuers were
taught to lift the palm of the hand slightly, but
completely, off the chest at the end of the
decompression phase, but to leave their fin-
gers tips in contact with the chest to maintain
hand position (21, 22). These interventions
and their respective classes of recommenda-
tion in the 2005 AHA CPR Guidelines (5) form
the core of high-performance CPR and are
shown in Table 1. Training efforts, provided
mainly by the respective ALS providers in each
site, included the use of a demonstration
video, a demonstration tool to show how poor
CPR affects physiology, hands-on practice ses-
sions, and a written test. Special emphasis was
placed on the importance of getting to the
scene and starting chest compressions as soon
as possible, compressing to the recommended
depth, and minimizing pauses by both basic
life support and ALS providers.

ALS Training

On arrival at the scene, ALS personnel were
trained to make sure adequate chest compres-
sions were being performed, establish an ad-
vanced airway device, transfer the impedance
threshold device to the advanced airway, and
deliver chest compressions continuously with
asynchronous ventilations at 10 breaths/min
(5). Emphasis was placed on performing high-
performance CPR for up to 30 mins on the
scene, before transport, to optimize delivery of
resuscitation care. Drugs were delivered per
2005 AHA Guidelines algorithms and in many
cases were administrated using an intraosse-
ous route to minimize the time to administra-
tion (5, 13). A single defibrillatory shock was
delivered when indicated with CPR before and
after each shock (7).

In addition, a new recognition program
was established by city administrators, award-
ing first responders and ALS providers with a
certificate and plaque recognizing their efforts
each time a cardiac arrest patient was saved.

CACs

After successful resuscitation in the field,
patients were transported to specialized CACs
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akin to a level I trauma center for postresus-
citation care (14-19, 26). All patients under-
went aggressive evaluation and treatment with
interventional cardiology techniques (17) and
placement of implantable cardioverter defi-
brillators (18) as indicated by the ST elevation
myocardial infarction program criteria recom-
mended by the American College of Cardiol-
ogy (17-19).

Therapeutic hypothermia was used in all
patients who were comatose or minimally re-
sponsive on arrival to the emergency depart-
ment at St. Cloud Hospital (St. Cloud, MN),
Unity Hospital (Anoka County, MN), or Mercy
Hospital (Anoka County, MN), regardless of
the presenting rhythm (15, 16, 27). Patients
who experienced a cardiac arrest from noncar-
diac causes were also treated with hypother-
mia if they were comatose or minimally re-
sponsive (e.g., drug overdose, hanging,
electrocution, pulmonary emboli) on hospital
admission (15, 16, 27). Therapeutic hypother-
mia was induced using heat transfer pad tech-
nology (Arctic Sun; Medivance, Louisville,
CO), with a target temperature of 33°C for 24
hrs (28). Rewarming was performed after a
total of 24 hrs at the target temperature, over
an 8-hr period, with a goal to rewarm at ap-
proximately 0.25°C/hr. The treatment proto-
col emphasized the goal of maintaining a
mean arterial pressure with fluid and vaso-
pressor support of 80-90 mm Hg (19).

All patients were considered for immediate
cardiac catheterization and revascularization
by on-call interventional cardiologists (17).
When patients were brought to the cardiac
catheterization laboratory, therapeutic hypo-
thermia was initiated during or just after car-
diac catheterization. Depending on the recom-
mendation from the electrophysiologist,
medical or implantable cardioverter defibrilla-
tor therapy or both was implemented before
discharge (18). Neurologic function using a
cerebral performance category and the overall
performance category scoring systems was as-
sessed by reviewing each survivor’s medical
record at the time of hospital discharge (29).

During the intensive care unit or cardiac
care unit stay, a program manager from THA
approached the family of each patient in St.
Cloud Hospital. If interested, the family, and
then the patient, would learn about and be-
come involved with THA.

A financial analysis was performed on re-
suscitated cardiac arrest patients after the
THA intervention in 2006-2007 to assess the
costs associated with care for patients admit-
ted to the hospital with a pulse in St. Cloud.
Hospital billing records and cost data for all
sequential out-of-hospital cardiac arrest pa-
tients delivered alive to the hospital during a
19-month period of time were reviewed by the
St. Cloud Hospital chief financial officer. Anal-
ysis was performed related to revenues gener-
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ated, direct costs, and direct margins (the dif-
ference between revenues generated/patient
minus expenses paid) associated with the hos-
pitalization, independent of physician charges.
Direct costs included wages and benefits for
hospital staff directly involved inpatient care;
supplies, room and bed charges; and proce-
dure charges and service charges, such as lab-
oratory expenses, pharmacy, and imaging ex-
penses. Direct costs did not include costs for
hospital service center administrators or costs
related to the THA coordinator. Further, phy-
sician revenue and expenses were not included
in this financial analysis, because they are
separate from the hospital-related revenues
and expenses.

Primary Outcome and Statistical
Analysis

Data were collected for every cardiac arrest
patient transported to Mercy and Unity Hospi-
tals by Allina Medical Transportation in Anoka
County, MN (>95% of patients with out-of-
hospital cardiac arrest in Anoka County), and
for every cardiac arrest patient transported to
St. Cloud Hospital, which is the hospital that
received all patients from greater St. Cloud,
MN. All data related to patients treated during
the control period were gathered retrospec-
tively, whereas during the intervention phase,
data were gathered prospectively. The number
of patients enrolled during the intervention
phase in Anoka County was limited because in
2008 an automated CPR device was added to
all ALS vehicles. For St. Cloud, data collection
continued for 30 months to keep approxi-
mately the same before-and-after ratios of en-
listed case numbers in the two counties. Pa-
tients were excluded from the THA analysis if
they were younger than 18 yrs of age, had an
identified noncardiac etiology of the cardiac
arrest, were dead on arrival, or had prehospital
do-not-resuscitate orders.

The primary outcome parameter was sur-
vival to hospital discharge, with the primary
comparison between patients with out-of-
hospital cardiac arrest occurring during a con-
trol period and after full implementation of the
THA program (intervention period). Fisher’s ex-
act test was used for this end point. Odds
ratios (ORs) and 95% confidence intervals
(CIs) were also used to determine statistical
significance for key primary and secondary
end points. The most important secondary end
point was the cerebral performance category
score at hospital discharge (29). Other second-
ary end points included the bystander CPR
rate, the hospital admission rate, the fre-
quency of cardiac revascularization, implant-
able cardioverter defibrillator implantation,
and the cost per patient discharged alive or
dead from the hospital. Clinical data were
gathered from emergency medical services re-
ports and hospital records by retrospective re-

view. The number of bystanders trained in
CPR was tracked by the training program co-
ordinators, and the frequency of bystander
CPR in patients with a cardiac arrest was de-
termined by a review of all medical records for
patients with a cardiac arrest.

Additional statistical analyses were per-
formed to test for site-to-site homogeneity of
the OR related to the primary end point. A
Mantel-Haenszel test was used to estimate the
common OR. In addition, a logistic regression
analysis was performed to determine the rela-
tive contributions of study group, age cate-
gory, and site to the primary study outcome of
survival to hospital discharge. Both forward
and backward stepwise procedures were used.

RESULTS

Increased Public Awareness,
Community CPR Training, and
AED Auvailability

Between September 2006 and Decem-
ber 2008, there were 29 newspaper, mag-
azine, and television stories about Take
Heart St. Cloud and an additional 34 me-
dia stories about Take Heart Anoka
County. From September 2006 to De-
cember 2008, a total of 28,041 citizens
were trained in bystander CPR in the two
Minnesota sites as part of the THA effort.
In St. Cloud, all tenth grade high school
students were trained using the AHA’s
CPR Anytime Kit; these students subse-
quently trained numerous family mem-
bers and friends. In addition, >10,000
college students were trained as part of
their physical education course curricu-
lum in the “CPR Goes to College” pro-
gram. Concurrently, in Anoka County,
students and citizens were trained using
both the CPR Anytime kit and more tra-
ditional methods of teaching CPR.

CPR and AED training both were pro-
vided to staff at the major supermarkets
in greater St. Cloud and Anoka County. A
total of 132 AEDs were distributed by the
THA program in greater St. Cloud and
Anoka County from July 2006 to Decem-
ber 2008.

First Responders and ALS

In 2006, all first responders and ALS
providers in greater St. Cloud, MN (n =
465) and Anoka County, MN (n = 830)
were trained in high-performance CPR
(Table 1). In both sites, police and fire
respond to the 911 call for help. All first
responders in both sites were trained on
and equipped with a face mask, resusci-
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Table 2. Demographics of cardiac arrest patients during control and intervention periods

Period
Control Intervention
Demographics (n = 106) (n = 247) P

Age, yrs (mean * SD) 68 + 14.6 62 + 15.6 .003
Male 75 (71%) 173 (70%) 1.000
Presumed cardiac etiology: initial rhythm .356

Ventricular tachycardia or ventricular fibrillation 29 (27%) 90 (36%)

Pulseless electrical activity 20 (19%) 42 (17%)

Asystole 51 (48%) 99 (40%)

Unknown 6 (6%) 16 (6%)

Table 3. Prehospital treatment of cardiac arrest patients during control and intervention periods

Period
0Odds Ratio With
Control Intervention 95% Confidence
Treatment (n = 106) (n = 247) Intervals P
Interval from 911 to advanced 75 *35 72 *+3.6 Not applicable .556
life support at the scene
Bystander cardiopulmonary 21 (20%) 72 (29%) 1.67 (0.96-2.89) .086
resuscitation
Impedance threshold device use 9 (8.5%) 160 (64.8%) Not applicable
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Figure 2. The ages of the survivors during the control and intervention phases. Data shown as
individual cases (small diamonds) and mean = sb (large diamonds, whisker bars).

tator bag, impedance threshold device, and
AED. In greater St. Cloud, training was
provided by the local ALS provider (Gold
Cross Ambulance) and by staff at St. Cloud
State University and St. Cloud Technical
College. Training for first responders and
ALS providers was similar. In Anoka
County, Allina Medical Transportation
paramedics trained the first responders.
The number of patients enrolled in both
Anoka County and greater St. Cloud during
the control and intervention periods is
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shown in Table 2. The average interval
from receipt of the 911 call to arrival on the
scene for ALS personnel was similar be-
tween the control period and the interven-
tion period (Table 3).

Clinical Outcomes

Patient demographics during the con-
trol and intervention periods are shown
in Table 2. The age in the intervention
group was, on average, 5 yrs younger

(» = .005) than in the control group. In
addition, the average age of the survivors
was also lower, as shown in Figure 2. The
distribution of initial heart rhythms was
not significantly different between groups
(p = .34). Importantly, the study group
(control vs. THA intervention) was found
to be the only significant predictor (p =
.013) of hospital discharge when simulta-
neously considering age category and
site. It had an estimated OR of 2.6 in the
statistical model used (95% CI 1.22-5.51).

Prehospital care was significantly dif-
ferent between the control and interven-
tion periods. The number of patients
treated with prehospital bystander CPR
increased from 20% to 29%, and this
difference trended toward significance
(» = .066). An impedance threshold de-
vice was used on nine of 106 (8.4%) pa-
tients during the control period and in
157 of 247 (64%) patients during the
intervention phase (Table 3).

Inhospital care was also significantly
different between the control and inter-
vention periods (Table 4). During the
control period, nine of 37 (24%) patients
admitted to the intensive care unit sur-
vived to hospital discharge vs. 48 of 95
(51%) in the intervention phase (p =
.009, OR 3.05, CI 1.30—7.14). During the
intervention period, once patients were
admitted to the intensive care unit, 45%
were treated with hypothermia, 46% un-
derwent cardiac catheterization, and 23%
were ultimately treated with an implant-
able cardioverter defibrillator. The per-
centage of patients treated with an im-
plantable cardioverter defibrillator nearly
doubled in the intervention phase. No
survivors in the control period, but 12
survivors in the intervention period, had
a preexisting implantable defibrillator at
the time of the cardiac arrest. The per-
centage of patients admitted to the inten-
sive care unit who were then discharged
with an implantable cardioverter defibril-
lator was 14% in the control period and
25% in the intervention period (p = .17).

The aggregate rates of return of spon-
taneous circulation and survival to hos-
pital discharge and the cerebral perfor-
mance category scores at hospital
discharge from the control and interven-
tion periods are shown in Table 5.
Whereas the intensive care unit admis-
sion rates did not vary between groups,
the hospital discharge rates, the primary
study end point, more than doubled from
8.5% to 19% after the THA program was
implemented (p = .011, OR = 2.60, CI =
1.19-6.26). The neurologic outcomes for
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Table 4. Inhospital treatment of cardiac arrest patients who survived to hospital admission

Period

Control

Treatment (n = 106)

Intervention

Odds Ratio With
95% Confidence

(n = 247) Intervals p

Inhospital hypothermia 0 of 37 (0%)

44 of 95 (46%)

Not applicable

Cardiac catheterization 8 of 37 (22%) 45 of 95 (47%) 3.26 (1.35-7.87) <.001
Implantable cardiac 5 of 37 (14%) 24 of 95 (25%) 2.16 (0.72-6.18) 17

defibrillator placed
Table 5. Outcome of cardiac arrest patients during control and intervention periods

Period
Odds Ratio With
Control Intervention 95% Confidence
Outcome (n = 106) (n = 247) Intervals P

Return of spontaneous circulation 40 (38%) 116 (47%) 1.46 (0.90-2.40) 129

prehospital
Admitted to intensive care unit 37 (35%) 95 (38%) 1.17 (0.71-1.93) 551
Discharged alive from hospital 9 (8.5%) 48 (19%) 2.60 (1.19-6.26) 011
Cerebral performance category 1.63 = 0.52 1.38 = 0.70 Not applicable 341

score
Table 6. Survivors to hospital discharge by initial rhythm

0Odds Ratio With
95% Confidence
Initial Rhythm Control (n = 106) Intervention (n = 247) Intervals p

Ventricular tachycardia or 50f29 (17%) 37 0f 90 (41%) 3.35 (1.10, 12.17)  .025

ventricular fibrillation
Pulseless electrical activity 1 of 20 (5%) 2 of 42 (5%) 0.95 (0.05, 58.96) 1.000
Asystole 10f 51 (2%) 30f99 (3%) 1.56 (0.12, 83.64) 1.000
Unknown 2 of 6 (33%) 6 of 16 (37%) 1.20 (0.12, 17.01) 1.000

the survivors, determined at the time of
hospital discharge, were similar between
the control and intervention periods. The
greatest gains were observed in patients
with ventricular fibrillation as the initial
heart rhythm (Table 6). In this subgroup,
survival rates increased from 17% to 41%
(p = .025). It is noteworthy that the pro-
portions were similar between patients
who survived a cardiac arrest in each of
the two test sites, greater St. Cloud and
Anoka County, in the control period
(three of 39 [8%] and six of 68 [9%],
respectively) and the intervention period
(29 of 142 [20%] and 18 of 105 [17%],
respectively). There was no evidence of a
difference in ORs between sites.

Age was not found to be a reason for
the improved outcome in the interven-
tion group. Subjects were classified as
being below the median (younger than 64
yrs) or greater than or equal to the me-
dian (64 yrs or older). For the category of
ages younger than 64 yrs, the p value was
.015 (Fisher’s exact test; OR 4.32, 95% CI
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1.23-23.17). For the category of ages 64
yrs or older, the p value was .483 (Fisher’s
exact test; OR 1.57, 95% CI 0.55-5.14).
The test for homogeneity of OR revealed
p = .263 (no evidence of different OR).
The Mantel-Haenszel estimated common
OR was 2.49 (95% CI 1.17-5.31).

Data from Table 5 can be used to cal-
culate the number of patients needed to
save one additional life. For the control
group, this was calculated as follows:
10 X (0.085) = 0.85 expected survivors to
hospital discharge. By contrast, for the
intervention group, this was calculated as
follows: 10 X (0.190) = 1.90 expected
survivors to hospital discharge. Thus, the
expected number of patients who need to
be treated to save one more life is approx-
imately ten patients.

CAC Clinical Outcomes and
Financial Analysis

An analysis of the financial impact of
the St. Cloud Hospital CAC was also per-

formed. The revenues associated with
billing for 69 sequential patients in 2006
treated with the bundle of postresuscita-
tion care that, when clinically indicated,
included hypothermia, cardiac revascu-
larization, and implantable cardioverter
defibrillator therapy were analyzed. Rev-
enues averaged $57,783 per patient who
survived to hospital discharge (n = 24),
with a direct margin after direct costs of
$20,684 per patient. Of the 69 patients,
56 were admitted to the intensive care
unit. Of the 56 patients, 24 patients
treated with hypothermia died, and eight
patients not treated with hypothermia
died. A total of 21 survived to hospital
discharge and were treated with hypo-
thermia, and three survived who did not
require hypothermia. The difference in
the direct margin after direct costs was
minimal for survivors treated with hypo-
thermia (average $20,367/patient) vs.
survivors not treated with hypothermia
(average $22,904/patient). For those pa-
tients who died in the hospital, including
the emergency department (n = 45), the
average revenue was $12,014, and the av-
erage direct margin was $3329.

DISCUSSION

The key aspects of the THA approach
are focused on strengthening and coordi-
nating each well-established, scientifi-
cally proven link in the chain of survival.
Data from this first phase of the THA
program demonstrate that implementa-
tion of this comprehensive, community-
wide, systems-based approach resulted in
more than doubling out-of-hospital sur-
vival rates when comparing historical
controls to 2 yrs of full implementation.
For every ten patients treated with the
Take Heart program in the two Minne-
sota sites, one would expect one more
survivor compared with outcomes before
initiation of the program. Importantly,
the data support the conclusion that im-
plementation of the program doubled the
number of neurologically intact survivors
when compared to the program during
the control period of time. The majority
of survivors returned to their respective
communities neurologically intact. As
such, phase I of the THA program dem-
onstrated proof-of-concept that a com-
prehensive, community-wide, systems-
based approach to the treatment of
cardiac arrest is both feasible and effec-
tive.

The combination of new technologies
and approaches to the performance of
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CPR and the preservation of postresusci-
tation organ function forms the core of
the THA initiative. Although this ap-
proach resulted in a nonsignificant in-
crease in return of spontaneous circula-
tion and intensive care unit admission
rate, it significantly increased (more than
doubled) the number of patients who sur-
vived to hospital discharge with good
neurologic outcome. Similar discrepan-
cies between the relative increases in re-
turn of spontaneous circulation in the
out-of-hospital setting and hospital dis-
charge rates have recently been reported
in support of the need for improved he-
modynamics during CPR, delivery of a
more viable patient to the hospital, im-
proved hospital care, and longer and
more definitive survival end points in the
evaluation of future advances in the field
(30). These findings are similar to ap-
proaches and outcomes in the treatment
of other complex medical disease states.
Like therapies for treatment of human
immunodeficiency virus infection or leu-
kemia, the current results suggest that it
was the synergy between multiple inter-
ventions rather than a single intervention
that accounted for the marked improve-
ment during the intervention phase.
None of the CPR interventions in the
THA are unique or have been shown to
double neurologically intact survival
rates by themselves; however, in combi-
nation, they were shown to be life saving.
As such, although we cannot say that the
increase in bystander CPR rate from 20%
to 29% achieved a “critical mass” effect in
this study, we do know from others that
starting circulation as soon as possible
improves outcomes and that higher by-
stander CPR rates as a result of the com-
bination of more lay rescuer training and
more effective dispatcher-instructed CPR
when 911 is called improves long-term
outcomes (5). The authors believe that
this systems-based approach, with each of
its composite elements, is fundamental to
the success of the program and the future
treatment of cardiac arrest.

One of the keys to the success of the
program was the opportunity to have a
THA program manager at each site drive
the requisite collaboration between the
multiple partners and groups involved
with the care of cardiac arrest patients in
each geographic area. Without a program
manager, it would not have been possible
to coordinate all of the partnerships that
made the program successful. Based on
the success of the phase I program in St.
Cloud and Anoka County, the THA initia-
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tive is being implemented in greater Aus-
tin, TX, and Columbus, OH, and through-
out the state of Minnesota. One of the key
goals is to demonstrate that this program
can be effective in urban, suburban, and
rural settings with larger geographical
boundaries and with more diverse popu-
lations.

The clinical impact of the CAC con-
cept has been previously described and
demonstrated to be effective (14, 26, 31).
The clinical data demonstrating that a
higher percentage of patients admitted to
the hospital also survived to hospital dis-
charge (24% in the control period vs.
51% in the intervention period) provide
further support for combining improved
prehospital care with postresuscitation
care in a CAC. The results from the finan-
cial analysis described herein demon-
strated that the CAC concept was, at a
minimum, cost effective. The hospital re-
corded a >$20,000 positive net margin
after paying for expenses for each patient
who was discharged alive, before taking
into account overhead expenses. These
results support the concept that special-
ized CACs are both clinically effective and
cost effective. In addition, the favorable
financial data significantly influenced the
level of support by the three CAC receiv-
ing hospitals; all three provided substan-
tial financial support for the THA efforts
in greater St. Cloud, MN, and Anoka
County, MN.

An unexpected observation in this
study is that the patients who presented
with a cardiac arrest of presumed cardiac
etiology appear to be getting younger
compared with those during the previous
year, at least in the two test sites. During
the intervention phase, the average age
was 5 yrs younger than that during the
control phase. Further, the average age of
the survivors was >10 yrs younger, as
shown in Figure 2. This observation sug-
gests that some of the observed benefit
from the THA initiative may be attribut-
able to the differences in age between the
two study groups. However, based on the
results of a logistic regression analysis,
implementation of the THA program was
found to be the only significant predictor
of hospital discharge. Taken together,
these findings suggest that those patients
who survive an out-of-hospital cardiac ar-
rest are often in the prime of life, and the
unexpected loss of this patient population
is even more costly to society than previ-
ously considered.

This first report on the THA initiative
has several limitations. First, it was a

prospective analysis, but the interven-
tions were not randomized or blinded, by
design. The goal was not to test a single
intervention but instead to test a combi-
nation of interventions at various stages
in the treatment sequence needed to
achieve optimal care (32). Thus, the im-
pact of each individual intervention was
not assessed, by design. Second, 911-to—
on-scene times for basic life support were
unreliable and therefore were not re-
ported. There were multiple first-re-
sponder agencies in both sites that in-
cluded some volunteer first responders,
and there were often no commonly syn-
chronized time clocks between basic life
support and ALS agencies. Third, the rate
of intraosseous drug infusion was not
monitored. Fourth, baseline survival
rates for patients with presumed cardiac
arrest with any presenting heart rhythm
were >8%, nearly twice the national av-
erage (1, 3), so it is unknown if this
approach will work in locations with very
poor baseline survival rates. Fifth, the
number of patients who survived because
of AED use by first responders was not
reliably recorded. Finally, it is currently
unknown if this approach can be gener-
alized. The experience of Hinchey et al
(33) suggests that the systems-based ap-
proach works in other regions. It is un-
known if this systems-based approach
will be successful in regions of the coun-
try that are mostly rural, mostly urban,
or have a greater proportion of patients
with more limited socioeconomic oppor-
tunities; each of these factors is known to
affect outcomes.

CONCLUSIONS

Comprehensive translation of the
2005 AHA Guidelines into practice
throughout two communities (with cost-
effective, AHA-recommended interven-
tions intended to optimize circulation
and defibrillation during CPR and to pre-
serve heart and brain function after car-
diac arrest) resulted in a doubling in sur-
vival rates when compared with historical
controls. Additional initiatives are under-
way to determine whether the THA pro-
gram can be effectively expanded to
larger cities and regions.

ACKNOWLEDGMENTS

We are most appreciative of the exten-
sive training provided by staff of Gold
Cross Ambulance in St. Cloud, MN, to
many of the first responders and of the

Crit Care Med 2011 Vol. 39, No. 1



training provided by staff at St. Cloud
State and St. Cloud Technical College. In
addition, we also thank the medics at
Allina Medical Transportation who helped
to train many of the first responders in
Anoka County, MN. We are particularly
appreciative of the guidance and funding
support from members of the Medtronic
Foundation and Medtronic Corporation,
the CentraCare Health Foundation, and
the Unity and Mercy Hospital Founda-
tions; without this support, the program
would not have been possible.

REFERENCES

1.

10.

Thom T, Haase N, Rosamond W, et al: Heart
disease and stroke statistics—2006 update: A
report from the American Heart Association
Statistics Committee and Stroke Statistics
Subcommittee. Circulation 2006; 113:
e85-el51

. Eisenberg MS, Horwood BT, Cummins RO,

et al: Cardiac arrest and resuscitation: A tale
of 29 cities. Ann Emerg Med 1990; 19:
179-186

. Nichol G, Thomas E, Callaway CW, et al:

Regional variation in out-of-hospital cardiac
arrest incidence and outcome. JAMA 2008;
300:1423-1431

. Peberdy MA, Kaye W, Ornato JP, et al: Car-

diopulmonary resuscitation of adults in the
hospital: A report of 14720 cardiac arrests
from the National Registry of Cardiopulmo-
nary Resuscitation. Resuscitation 2003; 58:
297-308

. 2005 American Heart Association Guidelines

for Cardiopulmonary Resuscitation and
Emergency Cardiovascular Care. Circulation
2005; 112(Suppl I):1V1-1V203

. Gulick RM, Mellors JW, Havlir D, et al: Treat-

ment with indinavir, zidovudine, and lami-
vudine in adults with human immunodefi-
ciency virus infection and prior antiretroviral
therapy. N Engl J Med 1997; 337:734-739

. Cobb LA, Fahrenbruch CE, Walsh TR, et al:

Influence of cardiopulmonary resuscitation
prior to defibrillation in patients with out-of-
hospital ventricular fibrillation. JAMA 1999;
281:1182-1188

. Lynch B, Einspruch EL, Nichol G, et al: Ef-

fectiveness of a 30-min CPR self-instruction
program for lay responders: A controlled ran-
domized study. Resuscitation 2005; 67:
31-43

. Pirrallo RG, Aufderheide TP, Provo TA, et al:

Effect of an inspiratory impedance threshold
device on hemodynamics during conven-
tional manual cardiopulmonary resuscita-
tion. Resuscitation 2005; 66:13-20

Christenson J, Andrusiek D, Everson-Stewart
S, et al: Chest compression fraction deter-
mines survival in patients with out-of-

Crit Care Med 2011 Vol. 39, No. 1

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

hospital ventricular fibrillation. Circulation
2009; 120:1241-1247

Rubertsson S, Karlsten R: Increased corti-
cal cerebral blood flow with LUCAS; a new
device for mechanical chest compressions
compared to standard external compressions
during experimental cardiopulmonary resus-
citation. Resuscitation 2005; 65:357-363
Hallstrom AP, Ornato JP, Weisfeldt M, et al:
Public-access defibrillation and survival after
out-of-hospital cardiac arrest. N Engl J Med
2004; 351:637-646

David JS, Dubien PY, Capel O, et al: In-
traosseous infusion using the bone injection
gun in the prehospital setting. Resuscitation
2009; 80:384-385

Lurie KG, Idris A, Holcomb JB: Level 1 car-
diac arrest centers: Learning from the
trauma surgeons. Acad Emerg Med 2005;
12:79-80

Bernard SA, Gray TW, Buist MD, et al: Treat-
ment of comatose survivors of out-of-
hospital cardiac arrest with induced hypo-
thermia. N Engl J Med 2002; 346:557-563
Hypothermia after Cardiac Arrest Study
Group: Mild therapeutic hypothermia to im-
prove the neurologic outcome after cardiac
arrest. N Engl J Med 2002; 346:549-556
Spaulding CM, Joly LM, Rosenberg A, et al:
Immediate coronary angiography in survi-
vors of out-of-hospital cardiac arrest. N Engl
J Med 1997; 336:1629-1633

The Antiarrhythmics versus Implantable
Defibrillators (AVID) Investigators: A com-
parison of antiarrhythmic-drug therapy
with implantable defibrillators in patients
resuscitated from near-fatal ventricular
arrhythmias. N Engl J Med 1997; 337:
1576-1583

Nolan JP, Neumar RW, Adrie C, et al: Post-
cardiac arrest syndrome: Epidemiology,
pathophysiology, treatment, and prognosti-
cation. A Scientific Statement from the In-
ternational Liaison Committee on Resuscita-
tion; the American Heart Association
Emergency Cardiovascular Care Committee;
the Council on Cardiovascular Surgery and
Anesthesia; the Council on Cardiopulmo-
nary, Perioperative, and Critical Care; the
Council on Clinical Cardiology; the Council
on Stroke. Resuscitation 2008; 79:350-379
Lurie KG, Osaki Holm SY: Therapeutic hy-
pothermia. Minn Health Care News 2009;
7:14-15, 34

Yannopoulos D, McKnite S, Aufderheide TP,
et al: Effects of incomplete chest wall decom-
pression during cardiopulmonary resuscita-
tion on coronary and cerebral perfusion pres-
sures in a porcine model of cardiac arrest.
Resuscitation 2005; 64:363-372
Aufderheide TP, Pirrallo RG, Yannopoulos D,
et al: Incomplete chest wall decompression:
A clinical evaluation of CPR performance by
trained laypersons and an assessment of al-
ternative manual chest compression-decom-

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

pression techniques. Resuscitation 2006; 71:
341-351

Wik L, Kramer-Johansen J, Myklebust H, et
al: Quality of cardiopulmonary resuscitation
during out-of-hospital cardiac arrest. JAMA
2005; 293:299-304

Yannopoulos D, Aufderheide TP, Gabrielli A,
et al: Clinical and hemodynamic comparison
of 15:2 and 30:2 compression-to-ventilation
ratios for cardiopulmonary resuscitation.
Crit Care Med 2006; 34:1444-1449
Aufderheide TP, Frascone RJ, Pirrallo RG:
Resuscitation in 2005: New ways to optimize
manual CPR. EMS Mag 2005; 34:42—-45
Sunde K, Pytte M, Jacobsen D, et al: Imple-
mentation of a standardised treatment pro-
tocol for post resuscitation care after out-of-
hospital cardiac arrest. Resuscitation 2007;
73:29-39

Nielsen N, Hovdenes J, Nilsson F, et al: Out-
come, timing and adverse events in thera-
peutic hypothermia after out-of-hospital car-
diac arrest. Acta Anaesthesiol Scand 2009;
53:926-934

Haugk M, Sterz F, Grassberger M, et al: Fea-
sibility and efficacy of a new non-invasive
surface cooling device in post-resuscitation
intensive care medicine. Resuscitation 2007;
75:76-81

Cummins RO, Chamberlain DA, Abramson
NS, et al: Recommended guidelines for uni-
form reporting of data from out-of-hospital
cardiac arrest: The Utstein Style. Task Force
of the American Heart Association, the Eu-
ropean Resuscitation Council, the Heart and
Stroke Foundation of Canada, and the Aus-
tralian Resuscitation Council. Ann Emerg
Med 1991; 20:861-874

Aufderheide TP, Alexander C, Lick C, et al:
From laboratory science to six emergency
medical services systems: New understand-
ing of the physiology of cardiopulmonary re-
suscitation increases survival rates after car-
diac arrest. Crit Care Med 2008; 36(Suppl):
S397-S404

Nichol G, Aufderheide TP, Eigel B, et al:
Regional systems of care for out-of-hospital
cardiac arrest: A policy statement from the
American Heart Association. Circulation
2010; 121:709-729

Benditt DG, Goldstein M, Sutton R, et al:
Dispatcher-directed bystander initiated car-
diopulmonary resuscitation: A safe step, but
only a first step, in an integrated approach to
improving sudden cardiac arrest survival.
Circulation 2010; 121:10-13

Hinchey PR, Myers JB, Lewis R, et al: Im-
proved out-of-hospital cardiac arrest survival
after the sequential implementation of 2005
AHA Guidelines for compressions, ventila-
tions, and induced hypothermia—The Wake
County experience. Ann Emerg Med 2010;
56:348-357

33



	Take Heart America: A comprehensive, community-wide, systems-based approach to the treatment of cardiac arrest
	MATERIALS AND METHODS
	THA Demonstration Project Communities
	Patient Enrollment Timeframes
	THA Infrastructure
	Increasing Public Awareness, Community CPR Training, and AED Availability
	First-Responder Training
	ALS Training
	CACs
	Primary Outcome and Statistical Analysis

	RESULTS
	Increased Public Awareness, Community CPR Training, and AED Availability
	First Responders and ALS
	Clinical Outcomes
	CAC Clinical Outcomes and Financial Analysis

	DISCUSSION
	CONCLUSIONS
	ACKNOWLEDGMENTS
	REFERENCES


