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a b s t r a c t
Background: Despite many advances in resuscitation science the outcomes of sudden cardiac arrest (SCA)
remain poor. The Minnesota Resuscitation Consortium (MRC) is a statewide integrated resuscitation program, established in 2011, to provide standardized, evidence-based resuscitation and post-resuscitation
care. The objective of this study is to assess the outcomes of a state-wide integrated resuscitation program.
Methods: We examined the trends in resuscitation metrics and outcomes in Minnesota since 2011 and
compared these to the results from the national Cardiac Arrest Registry to Enhance Survival (CARES)
program. Since 2011 MRC has expanded signiﬁcantly providing service to >75% of Minnesota’s population.
Results: A total of 5192 SCA occurred in counties covered by MRC from 2011 to 2014. In this period,
bystander cardiopulmonary resuscitation (CPR) and use of hypothermia, automatic CPR device and
impedance threshold device increased signiﬁcantly (p < 0.0001 for all). Compared to CARES, SCA cases
in Minnesota were more likely to be ventricular ﬁbrillation (31% vs. 23%, p < 0.0001) but less likely to
receive bystander CPR (33% vs. 39%, p < 0.0001). Survival to hospital discharge with good or moderate
cerebral performance (12% vs. 8%, p < 0.0001), survival in SCA with a shockable rhythm (Utstein survival)
(38% vs. 33%, p = 0.0003) and Utstein survival with bystander CPR (44% vs. 37%, p = 0.003) were greater in
Minnesota than CARES.
Conclusions: State-wide integration of resuscitation services in Minnesota was feasible. Survival rate after
cardiac arrest is greater in Minnesota compared to the mean survival rate in CARES.
© 2016 Published by Elsevier Ireland Ltd.

Introduction
Sudden cardiac arrest (SCA) remains a leading mode of death
in the U.S., representing approximately 10–15% of all deaths.1,2

夽 A Spanish translated version of the abstract of this article appears as Appendix
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Except for a few recent encouraging reports,3–6 survival after
SCA has been stagnant around 7–8%, despite decades of research
and efforts to improve cardiac resuscitation. However, there is a
signiﬁcant geographical variation in survival rates after SCA in
North America.7,8 One of the potential reasons for this variability could be the lack of a well-coordinated, standardized response
among various emergency medical service (EMS) agencies and
hospitals.9 Thus, the American Heart Association (AHA) recommended development of regional systems of care for patients
resuscitated from cardiac arrest.9,10 More recently, the Institute of
Medicine (IOM) report on cardiac arrest recommended standard-
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Fig. 1. Temporal trends of key resuscitation variables in Minnesota from 2011 to 2014.

ization of protocols and training and implementation of continuous
quality improvement strategies.11 However, few data exist showing the feasibility and effectiveness of such systems in the U.S.12,13
Minnesota Resuscitation Consortium (MRC) was established
in 2011 with a grant from Medtronic Heart Rescue Project as a
statewide effort to improve survival from SCA in Minnesota (http://
www.mrc.umn.edu). The overarching goal of MRC was to gather
all stakeholders under the same organization to provide excellent
resuscitation and post-resuscitation care in Minnesota via common, evidence-based protocols and to foster an environment of
collaboration and continuous improvement among them.14 As part
of the agreement among its members, MRC collects data about the
details and outcome of each cardiac arrest using the Cardiac Arrest
Registry to Enhance Survival (CARES).15
The objectives of this study are to report the trends of resuscitation metrics and outcomes in areas of Minnesota covered by MRC
since 2011 and to compare Minnesota’s resuscitation outcomes
with those from the national CARES program in the U.S.
Methods
Setting
Minnesota (population 5.3 million) is the 12th largest state in
the U.S. with a land area of almost 80,000 square miles divided
into 87 counties. Based on the 2010 census data, nearly 60% of its
residents live in the Minneapolis-St. Paul metro area (population
3.3 million), which is the 16th largest city in the U.S. and has a
population density of 515.4 persons/square mile.

neurology, and physical therapy/rehabilitation services under the
same organization (Supplemental Fig. 2). It works with EMS directors in the state and an interdisciplinary team of experts from
the area hospitals to improve the quality of pre-hospital CPR, to
increase the utilization of therapeutic hypothermia, emergency
cardiac catheterization and, when necessary, coronary revascularization by implementing standardized and evidence-based
protocols.

Data source
To collect data MRC uses an internet-based registry also used
by CARES. Details of the SCA are entered through a secure portal
by the EMS and the hospitals involved in the care of each patient.
These data are reviewed by experienced MRC staff. Cases with a
questionable cardiac etiology are referred back with request for
more information. The ﬁnal database is de-identiﬁed to respect
patient privacy and to enhance provision of unbiased data by the
participating agencies.
The CARES program began in 2004 as a cooperative agreement
between the Centers for Disease Control and Prevention, the AHA
and the Emory University School of Medicine to identify incidents
of prehospital cardiac arrest (https://mycares.net/). The CARES utilizes an internet-based registry accessed securely by the participant
sites and is designed to help local EMS administrators and medical directors identify the characteristics and monitor the outcomes
of SCA to determine the practices and processes associated with
success versus those that need improvement.

Minnesota Resuscitation Consortium
Study patients
Since its inauguration, MRC has expanded signiﬁcantly, providing service to greater than 75% of Minnesota’s population
(Supplemental Fig. 1). Partnering with existing groups and programs, MRC aims to increase public’s awareness and bystander
response by holding training sessions for cardiopulmonary resuscitation (CPR) and automatic external deﬁbrillator use in schools,
workplaces and special events.
MRC gathers ﬁrst responders, EMS, police and ﬁre departments,
hospital emergency departments, cardiology, intensive care unit,

The cases in this study include all patients with SCA who were
resuscitated by the EMS participating in MRC from 2011 to 2014.
Arrests due to respiratory causes, trauma, submersion, homicide,
suicide, drug overdose, asphyxia, exsanguination or any other noncardiac cause were excluded after reviewing the EMS and hospital
records. The ﬁnal study cohort was 5192 patients with SCA. The
comparison group included 129,828 cases of SCA recorded in the
national CARES registry during the same period.
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Fig. 2. Temporal trends of key outcomes after cardiac arrest in Minnesota versus national CARES (A) cerebral performance category score 1 or 2 at discharge. (B) Utstein
survival of outcomes after cardiac arrest in Minnesota versus national CARES.

Deﬁnitions
The MRC and CARES use the SCA deﬁnitions developed by the
National EMS Information System and the Utstein template.16,17 A
witnessed arrest is one that was seen or heard by another person
or an arrest that occurred while the patient was being monitored.
Bystander CPR was deﬁned as that performed by a person who is
not responding as part of an organized emergency response system.
Physicians, nurses and paramedics may be described as performing
bystander CPR if they are not part of the emergency response system involved in that patient’s resuscitation. Utstein survival was
deﬁned as the outcome of a witnessed SCA which had ventricular ﬁbrillation (VF) or pulseless ventricular tachycardia (VT) as the
initial rhythm.13,16
Neurological outcome at discharge from the hospital was
assessed by the cerebral performance category (CPC) score, and CPC
1 or 2 were considered as good outcome.18,19 CPC score ranges from
1 to 5. CPC 1 refers to good cerebral performance denoting a person who is conscious, alert, is able to work but might have mild
neurologic or psychologic deﬁcit. CPC 2 refers to moderate cerebral
disability denoting a person who has sufﬁcient cerebral function for
independent activities of daily life and is able to work in sheltered

environment.20 S/he might have minor psychological or neurological deﬁcits such as mild dysphasia, non-incapacitating hemiparesis,
or minor cranial nerve abnormalities.
Therapeutic hypothermia was deﬁned as any measures taken to
reduce the patient’s body temperature by non-invasive (administration of cold intravenous saline, external cold pack application to
armpits and groin, use of a cooling blanket, torso vest or leg wrap
devices) or invasive means (use of cooling catheter inserted in the
femoral vein) (Fig. 1).

Statistical analysis
Continuous variables were reported as mean (standard deviation) and categorical variables as percentages. Temporal trends of
resuscitation characteristics and outcomes in Minnesota were analyzed with the Cochran–Armitage test for categorical variables and
linear regression for continuous variables. Comparisons between
Minnesota and national CARES results were made by t-test for continuous variables and chi-square test for categorical variables. All
tests were two-tailed and a p value <0.05 was taken as statistically
signiﬁcant (Fig. 2).
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Table 1
Temporal trends of resuscitation characteristics and outcomes in Minnesota from 2011 to 2014.
Variables

N available

All cases n = 5192

2011 n = 1067

2012 n = 1207

2013 n = 1440

2014 n = 1473

p-trend

Age, years
Female
Arrest at home
Arrest bystander witnessed
Arrest 911 witnessed,
Time, 911 call to EMS arrival, minutes
Bystander CPR
AED applied
Initial rhythm VT/VF
LUCASTM device
Impedance threshold device
Cardiac catheterization
PCI
In-hospital ICD
Field hypothermia
Survival to hospital admission
Survival to hospital discharge
Survived to hospital discharge with good
neurological outcome
Utstein survival
Utstein survival with bystander CPR

5192
5192
5192
5192
5192
5192
5192
5192
5192
4710
4708
1276
714
1262
4794
5192
5192
5192

64.3 ± 17.1
1750 (34%)
3676 (71%)
2305 (44%)
561 (11%)
7.5 ± 4.1
1718 (33%)
2695 (52%)
1599 (31%)
3065 (65%)
3541 (75%)
720 (56%)
218 (44%)
250 (20%)
719 (15%)
1501 (29%)
708 (14%)
633 (12%)

64.4 ± 17.8
380 (36%)
715 (67%)
442 (41%)
127 (12%)
6.7 ± 4.3
277 (26%)
554 (52%)
327 (31%)
228 (48%)
353 (61%)
68 (49%)
40 (60%)
28 (21%)
58 (9%)
343 (32%)
168 (16%)
150 (14%)

63.2 ± 17.4
415 (34%)
869 (72%)
531 (44%)
144 (12%)
7.9 ± 3.7
368 (31%)
618 (51%)
377 (31%)
697 (58%)
867 (71%)
196 (57%)
78 (40%)
69 (18%)
131 (11%)
360 (30%)
165 (14%)
147 (12%)

64.7 ± 17.0
461 (32%)
1018 (71%)
664 (46%)
130 (9%)
7.6 ± 4.3
514 (36%)
760 (53%)
452 (31%)
984 (68%)
1087 (75%)
239 (62%)
113 (48%)
82 (21%)
224 (16%)
393 (27%)
196 (14%)
179 (12%)

64.7 ± 16.2
492 (33%)
1068 (73%)
661 (45%)
159 (11%)
7.5 ± 4.1
558 (38%)
763 (52%)
442 (30%)
1156 (78%)
1234 (84%)
217 (54%)
87 (42%)
71 (18%)
306 (21%)
405 (27%)
179 (12%)
157 (11%)

0.24
0.20
0.01
0.06
0.10
0.07
<0.0001
0.8
0.7
<0.0001
<0.0001
0.5
0.2
0.5
<0.0001
0.004
0.01
0.02

1010
485

386 (38%)
213 (44%)

85 (43%)
38 (48%)

86 (38%)
50 (47%)

115 (38%)
59 (46%)

101 (35%)
66 (39%)

0.09
0.20

Abbreviations: AED—automated external deﬁbrillator; CPR—cardiopulmonary resuscitation; EMS—emergency medical services; ICD—implantable cardioverter deﬁbrillator;
PCI—percutaneous coronary intervention; VT/VF—ventricular tachycardia/ventricular ﬁbrillation.

Results
Mean age of the SCA cases in Minnesota was 64.3 (±17.1) and
34% were female. Overall, 71% of the SCA occurred at home, 55%
were witnessed and 33% received bystander CPR (Table 1). The initial rhythm was VF or VT in 31%. Of the 1276 patients with available
information, 720 (56%) underwent cardiac catheterization.
Temporal trends of resuscitation characteristics in Minnesota
Temporal trends of selected resuscitation variables and outcomes in Minnesota are displayed in Table 1. From 2011 to 2014,
there was a dramatic increase in the proportion of bystander CPR,
and in the use of automated CPR device, impedance threshold
device and therapeutic hypothermia in the ﬁeld (Table 1). However,
as new EMS agencies joined the MRC, survival to hospital admission
and discharge slightly decreased whereas, survival of patients with
a shockable rhythm (Utstein survival) and survival of patients with
a shockable rhythm and bystander CPR did not change appreciably.
Comparison of SCA outcomes in Minnesota versus national CARES
The comparison of the resuscitation characteristics and outcomes in Minnesota versus national CARES is shown in Table 2.
Cardiac arrests in Minnesota were more likely to be witnessed,
but less likely to receive bystander CPR. The initial rhythm in Minnesota was more likely to be VF or VT than national CARES (31%
vs. 23%, p < 0.0001). Survival to hospital discharge (14% vs. 11%,
p < 0.0001) and survival with good neurological outcome (12% vs.
8%, p < 0.0001) was signiﬁcantly higher in Minnesota than national
CARES (Table 2). In Minnesota the survival in patients with witnessed arrest and shockable rhythm (Utstein survival) was 38%,
which increased to 44% if bystander CPR was performed. In comparison, the corresponding survival values in national CARES, were
33% and 37%, respectively (Table 2).
Discussion
Sudden cardiac arrest remains a major health problem in
the general population and in sub-populations with higher-risk
features.21–25 This report shows that creating a large, state-wide

integrated resuscitation network in Minnesota was feasible. Since
the creation of MRC here was a temporal improvement in many
resuscitation metrics including bystander CPR and therapeutic
hypothermia in Minnesota. These data also showed that survival
rate after SCA in Minnesota was signiﬁcantly better compared to
the average survival at sites participating in the national CARES.
Indeed, in Minnesota survival to hospital discharge with good neurological outcome was 12%, survival in patients with a shockable
rhythm was 38%, which increased to 44% if bystander CPR was also
performed.
Effective care for cardiac arrest requires a coordinated response
across various groups, organizations and disciplines including the
general public, ﬁrst responders, EMS and health care facilities
(emergency departments, cardiology, intensive care units, neurology, physical therapy and rehabilitation). Attainment of durable
success in post-SCA survival with good neurological outcome in a
region would require implementing optimal, evidence-based practices at each level of care, designating centers of excellence, creating
an environment of communication between all involved parties,
initiating a system of data sharing without the fear of repercussion and fostering a culture of continuous quality improvement.
Thus, the AHA and the IOM recommended creation of regional
systems of care after SCA.11,26 In 2004 the Arizona Department
of Health Services developed a state-wide partnership with EMS
agencies to create a standardized regional approach to resuscitation with the eventual goal of improving the outcomes after
SCA in the state.13 After the partnership there was a signiﬁcant
improvement in bystander and EMS care and tripling of survival
after SCA statewide.27,28 Subsequently, in 2007 the partnership
created a network of hospitals, named “Cardiac Referral Centers”,
that agreed to deliver standardized care after cardiac resuscitation
including therapeutic hypothermia, emergency percutaneous coronary interventions and other guideline-based critical care SCA.13,29
In 2008, the partnership developed protocols allowing the EMS to
bypass local hospitals to preferentially transport patients to the
cardiac receiving centers, with expertise in caring for patients with
SCA.30,31 As a result of these efforts, the odds of survival after SCA
doubled after the intervention in comparison to before.13 Survival
to hospital discharge increased to 14%, survival with good neurological outcome increased to 9% and survival in patients with
bystander CPR and shockable rhythm increased to 39%. The SCA out-
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Table 2
Comparison of the resuscitation characteristics and outcomes in Minnesota versus national CARES.

Age, years
Female
Arrest at home
Arrest bystander witnessed
Arrest 911 witnessed
Bystander CPR
AED applied
Initial rhythm VT/VF
Field hypothermia
Survival to hospital admission
Survival to hospital discharge
Survived to hospital discharge with good neurological outcome
Utstein survivala
Utstein survival with bystander CPRb

Minnesota n = 5192

National CARES n = 129828

P value

64.3 ± 17.1
1750 (34%)
3676 (71%)
2305 (44%)
561 (11%)
1719 (33%)
2695 (52%)
1599 (31%)
774 (15%)
1500 (29%)
706 (14%)
633 (12%)
1010 (38%)
485 (44%)

64.3 ± 18.2
49,724 (38%)
89,581 (69%)
49,724 (38%)
13,762 (11%)
50,763 (39%)
34,664 (27%)
30,120 (23%)
17,397 (13%)
34,924 (27%)
13,632 (11%)
10,516 (8%)
17825 (33%)
10,186 (37%)

0.70
<0.0001
0.006
<0.0001
0.70
<0.0001
<0.0001
<0.0001
0.002
0.002
<0.0001
<0.0001
0.0003
0.003

Abbreviations: CPR—cardiopulmonary resuscitation; VT/VF—ventricular tachycardia/ventricular ﬁbrillation; CARES— Cardiac Arrest Registry to Enhance Survival.
a
Data available for 2637 patients in Minnesota and 54511 patients in national CARES.
b
Data available for 1105 patients in Minnesota and 27456 patients in national CARES.

comes in Minnesota, which are comparable to those in Arizona and
signiﬁcantly better than the sites participating in national CARES,
support this model of regionalization of resuscitation care.
These data showed that the initial rhythm was VF in a significantly greater percentage of SCAs in Minnesota compared to the
national average. This is surprising considering the lower bystander
response in Minnesota compared to national CARES. Although
we cannot be certain about the etiology of this ﬁnding based on
these data, some potential explanations include the EMS response
time <8 min, high quality of CPR including automated compression/decompression device and impedance threshold device.

Funding sources
Minnesota Resuscitation Consortium has been funded by the
Medtronic Foundation.
Appendix A. Supplementary data
Supplementary data associated with this article can be found,
in the online version, at http://dx.doi.org/10.1016/j.resuscitation.
2016.10.029.
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