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Abstract

Background—Functionally favorable survival remains low after out-of-hospital cardiac arrest
(OHCA). When initial interventions fail to achieve return of spontaneous circulation (ROSC), they
are repeated with little incremental benefit. Patients without rapid ROSC do not typically survive
with good functional outcome. Novel approaches to OHCA have yielded functionally favorable
survival in patients who failed traditional measures, but the optimal transition point from
traditional measures to novel therapies is ill defined. Our objective was to estimate the dynamic
probability of survival and functional recovery as a function of resuscitation effort duration, in
order to identify this transition point.

Methods and Results—Retrospective cohort study of a cardiac arrest database at a single site.
We included 1,014 adult (=18 years) patients suffering non-traumatic OHCA between 2005-2011,
defined as receiving CPR or defibrillation from a professional provider. We stratified by
functional outcome at hospital discharge (modified Rankin scale-mRS). Survival to hospital
discharge was 11%, but only 6% had mRS 0-3. Within 16.1 minutes of CPR, 89.7% (95%ClI:
80.3%, 95.8%) of patients with good functional outcome had achieved ROSC, and the probability
of good functional recovery fell to 1%. Adjusting for prehospital and inpatient covariates, CPR
duration (minutes) is independently associated with favorable functional status at hospital
discharge (OR 0.84; 95%CI 0.72, 0.98;p=0.02).

Conclusions—Probability of survival to hospital discharge with mRS 0-3 declines rapidly with
each minute of CPR. Novel strategies should be tested early after cardiac arrest rather than after
complete failure of traditional measures.
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Introduction

Methods

Data Source

Over 540,000 persons suffer sudden cardiac arrest annually in United States, the majority of
which occur out-of-hospital.! Neurologically favorable survival from out-of-hospital cardiac
arrest (OHCA\) has increased over the past decade,?~* with the implementation of integrated
systems of care focused on emergency response and systematic post-resuscitation care.* -8
Despite these advances, mortality remains high after OHCA with only 5-15% survival to
hospital discharge.!

Besides immediate CPR, rapid defibrillation, and 1-2 mg of epinephrine, no other
intervention has been demonstrated to increase the likelihood of return of spontaneous
circulation (ROSC). Recently, even the long-term benefits of epinephrine have been
questioned.? When these interventions fail to achieve ROSC after a few minutes, some EMS
systems transport patients who fail these interventions to the hospital, where the same
resuscitation techniques are repeated. In either setting, no additional resources are brought to
bear after initial interventions fail, and the majority of patients who do not have rapid ROSC
will not survive or experience a good functional outcome. Other EMS systems will
terminate the resuscitation, based on the duration of resuscitation efforts, which has been
included into some versions of termination of resuscitation (TOR) guidelines.10-12

Alternative approaches to treatment of OHCA, such as extra-corporeal life support (ECLS),
have yielded functionally favorable survival in selected patients who failed traditional
CPR.13-15 However, the results of ECLS were poor when initiation of the procedure was
restricted to patients who failed 30 minutes or more of traditional resuscitation.1® Choosing
the optimal duration of traditional resuscitation after which to switch to an alternate
approach requires an estimate of the probability of survival and functional recovery as a
function of the duration of resuscitative efforts until ROSC. Longer durations of CPR during
in-hospital cardiac arrest are associated with higher rates of ROSC and survival to
discharge.1” However, similar data are lacking for OHCA.

We analyzed data from emergency medical services (EMS) that do not use a rigid
termination of resuscitation guideline. In this study, we describe the relationship between the
duration of CPR until ROSC and functional outcome at hospital discharge, in order to
determine if there is a duration of CPR after which repeating traditional resuscitation
interventions ceases to result in meaningful survival.

We examined cardiac arrest database data from December 2005 and April 2011 at the
Pittsburgh site of the Resuscitation Outcomes Consortium (ROC). ROC is a multicenter
clinical trial network focused on cardiac arrest and severe traumatic injury that has
previously been described in detail.18 Data for the cardiac arrest database are obtained under
a waiver of informed consent, approved by the University of Pittsburgh IRB, as well as
participating hospital IRBs. Briefly, research personnel at participating sites prospectively
collect patient care reports, monitor ECG data, and audio recordings from all consecutive
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cardiac arrest patients treated by participating EMS systems. Research coordinators review
the hospital records for patients transported to the hospital in order to determine in-hospital
interventions, in-hospital mortality, and functional status at the time of hospital discharge.18
Coordinators assigned a modified Rankin Scale (mRS) score at hospital discharge to each
subject by review of all available chart information using a standard chart-review
instrument.19

Study Design and Population

This was a retrospective cohort study of adult (age =18 years) patients suffering out-of-
hospital cardiac arrest. Cardiac arrest was defined as receiving chest compressions from a
professional provider or rescue shocks from a professional provider or any automated
external defibrillator. We excluded both suspected and confirmed cases of traumatic arrest.

Study Definitions & Endpoints

Our primary endpoint was survival to hospital discharge with favorable functional status,
defined as modified Rankin scale (mRS) 0-3.20 Additionally, we classified patients into
three other groups based on resuscitation outcome: survival to hospital discharge with
unfavorable functional status (mRS 4-5), ROSC without survival to hospital discharge
(mRS 6), and no ROSC. Resuscitation duration, defined as CPR duration in minutes, was
the primary independent variable. CPR duration was defined as the time from first chest
compression provided by EMS providers to termination of resuscitation efforts either
because of ROSC or declaration of death. Paramedics are permitted to cease resuscitative
efforts at the scene after consultation with a physician either on-scene or via radio.

Time-stamped data (hours: minutes: seconds) on the initiation and conclusion of CPR by
EMS providers were recorded by the monitor-defibrillator, which stays with the patient
throughout resuscitation. CPR performance was detected either indirectly by changes in
thoracic impedance recorded from external defibrillator electrodes?, or directly by an
accelerometer between the rescuer and patient’s chest.

Statistical Analyses

Analyses were performed with STATA 12.0 (StataCorp, College Station, TX). We stratified
patients by outcome and tabulated patient characteristics, cardiac arrest characteristics, EMS
interventions, and inpatient interventions.

For the subset of patients achieving ROSC, we constructed simple curves of the proportion
of subjects achieving ROSC over time, stratified by outcome (mRS 0-3, mRS 4-5, mRS 6),
and compared distributions with the Kruskal-Wallis test. We then determined the estimated
50t 75™, and 90t percentiles of CPR duration for each stratum. We also determined the
duration of CPR corresponding to the estimated 50%, 75%, 90%, and 99% proportion of
patients achieving ROSC, stratified by outcome. We used the data point closest to, but not
exceeding, each proportion. Finally, we calculated the dynamic probability of survival with
mRS 0-3 among all attempted resuscitations.
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We created both unadjusted and adjusted logistic regression models to evaluate the
association between CPR duration and mRS 0-3 on hospital discharge. We used two
separate adjusted models to evaluate the association between CPR duration and survival to
hospital discharge with mRS 0-3. Based on prior work,* 22-25 we adjusted each regression
model for covariates that are associated with outcome. The first model was adjusted for
prehospital covariates (age, sex, witnessed arrest, AED shock, EMS dispatch interval,
shockable initial rhythm, chest compression fraction, advanced airway attempts, and
epinephrine administration). This model represents the association between CPR duration
and patient outcome at the time of CPR. The second model was additionally adjusted for
therapeutic hypothermia and cardiac catheterization, which are subsequent confounders that
may have altered patient outcome.

A total of n=5,517 subjects suffered OHCA during the specified time frame, with 2,349
treated by EMS and considered for analysis. Of these, 1,042 had complete data for analysis
of CPR duration. Subjects with complete CPR duration data did not differ in clinical features
from the subjects excluded because of incomplete data. An additional 28 subjects were
excluded because of missing survival or functional outcome data, leaving n=1,014 for final
analysis. (Figure 1) Of these 1,014 attempted resuscitations, 475 (47%) achieved ROSC, 113
(11%) survived to hospital discharge, and 58 (6%) had a favorable functional status.

Demographic and clinical features stratified by outcome are presented in Table 1. The
simple curves and estimated percentiles of CPR duration for patients achieving ROSC,
stratified by patient outcome, are presented in Figure 2. The distribution of CPR duration
differed across strata (p=0.0001).

The dynamic probabilities and 95% confidence intervals for survival with mRS 0-3 among
all resuscitations is presented in Figure 3. Each data point represents favorable functional
outcome achieved among patients with CPR durations greater than or equal to the interval
indicated.

The durations of CPR corresponding to estimated proportions of patients achieving ROSC
are presented in Table 2. We selected data points closest to, but not exceeding, the 50%,
75%, and 90% function of ROSC. Within 9.3 minutes of CPR, 74.1% (95% CI: 62.5%,
84.5%) of patients with good functional outcome had achieved ROSC. Within 16.1 minutes
of CPR, 89.7% (95% ClI: 80.3%, 95.8%) of patients with good functional outcome had
achieved ROSC.

The logistic regression models are presented in Table 3. Adjusting for prehospital
covariates, CPR duration (minutes) is independently associated with survival to hospital
discharge with mRS 0-3 (OR 0.84; 95%CIl 0.75, 0.95; p=0.04). Further adjusting for
inpatient covariates, therapeutic hypothermia and cardiac catheterization, CPR duration
(minutes) is independently associated with survival to hospital discharge with mRS 0-3 (OR
0.84; 95%Cl 0.72, 0.98; p=0.02).
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Discussion

In a single-site OHCA registry, we observed a rapidly diminishing probability of favorable
functional status at hospital discharge with increasing durations of CPR (Figure 3). After
16.1 minutes of CPR, 89.7% (95% CI: 80.3%, 95.8%) of patients with eventual mRS 0-3 at
hospital discharge had achieved ROSC (Table 2). CPR duration was independently
associated with favorable functional status, adjusting for both prehospital and inpatient
covariates (Table 3).

Our findings suggest that conventional resuscitation strategies are most effective within the
first 10 — 15 minutes, by which time more than 75% of patients with good functional
recovery had already achieved ROSC (Figure 2). After 15 minutes, the probability of good
functional recovery among all attempted resuscitations falls to ~2% (Figure 3). Repeating
the same therapies that did not work during the first 10-15 minutes does not result in
incremental favorable survival.

Our findings highlight the need to implement novel resuscitation strategies in appropriate
candidates who do not immediately respond to CPR, defibrillation, and the initial dose of
epinephrine. An example intervention is extra-corporeal life support (ECLS) for cardiac
arrest resuscitation. This resource-intensive therapy has been successfully deployed to boost
functionally favorable survival in selected candidates.13-1> However, the potential cost and
resource-intensity of ECLS mandate that it be applied in a rational manner with optimal
chance to benefit the patient.

For interventions like ECLS to improve outcomes, it is critical that they not be implemented
only after prolonged failure of traditional CPR. The traditional resuscitation paradigm
emphasizes prompt attention to serial links in the chain of survival: early recognition of
cardiac arrest and activation of the emergency response system, early CPR, early
defibrillation, early advanced life support, and post-resuscitation care. Our data demonstrate
declining proportions of subjects who have favorable functional recovery with each minute
that traditional CPR fails to achieve ROSC. Furthermore traditional resuscitation usually
fails, making it reasonable to mobilize efforts to apply a novel therapy like ECLS
immediately at the recognition of cardiac arrest, concurrently with traditional CPR. In those
patients who achieve ROSC rapidly with traditional CPR, the mobilization of novel therapy
can be discontinued.

Belohlavek, et al. propose a “hyperinvasive” approach to out-of-hospital cardiac arrest in the
methods paper for the “Prague OHCA Study”.26 The authors propose a randomized parallel
groups comparative study of mechanical chest compressions, prehospital intra-arrest
cooling, ECLS, and immediate coronary angiography compared to standard ACLS-type
care. Of note, subjects receive only five minutes of ACLS, before randomization to the
“standard” or “hyperinvasive” arm. The “hyperinvasive” approach hinges on rapid
deployment of a mechanical chest compression device that facilitates immediate transport to
a cardiac arrest center with CPR in progress. Patients that achieve ROSC during transport to
the receiving center are still cooled and receive an invasive hemodynamic assessment
consisting of coronary angiography, pulmonary angiography, aortography, and transthoracic
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echocardiography. ECLS is applied at the receiving center in patients without ROSC or
patients with ROSC but persistent cardiogenic shock.

Earlier recognition of cardiac arrest coupled with earlier traditional therapies may still
improve the proportion of survivors with good functional outcome at hospital discharge.
However, current resuscitation strategies have been optimized for the last 58 years, since the
inception of manual external chest compressions.2” Observational studies and clinical trials
with subsequent guideline updates have refined CPR quality,28-30 defibrillation timing,3!
and pharmacological intervention,32-34 but the essence of cardiac arrest resuscitation has not
fundamentally changed. A new paradigm may be needed to achieve more than modest
improvements in patient outcome.

We advise caution about using these data to guide incorporation of CPR duration into
termination of resuscitation guidelines. Our data are derived from a subset of the population
at a single site. Subjects were hospitalized at a variety of hospitals with varying
sophistication of post-cardiac arrest care. Anecdotally, during this same time period, the
authors have treated OHCA patients from other EMS systems who displayed good
functional recovery despite total CPR durations longer than 21 minutes. These anecdotal
cases may be explained by the 95% confidence intervals for the estimations of CPR duration
(Figure 2), probabilities of achieving ROSC (Table 2), and probabilities of mRS 0-3 on
hospital discharge (Figure 3). Larger data sets may provide more precise estimates of the
longest tolerable CPR duration. Finally, our primary outcome, functional status at hospital
discharge is a surrogate for long-term recovery. We have previously demonstrated that a
large proportion of patients leaving the hospital have significant functional deficits,3° but
that patients continue to improve after hospital discharge.36

These are retrospective data are from a single-center registry. As such, there may be
unmeasured biases in EMS treatment and local culture that influence resuscitation effort
duration. One agency in our system dispatches a physician to each OHCA and termination
of resuscitation at the scene is common. Additionally, the post-resuscitative care and
prognostic workup may differ between hospitals that care for these patients. A larger cohort
is necessary to determine the generalizability of our results. Furthermore, we are subject to
an inherent limitation of outcome-driven cardiac arrest research: patients without ROSC do
not achieve subsequent outcomes. In this manner, outcomes after cardiac arrest are typically
skewed with respect to CPR duration. However, we also note that outcome after ROSC
appears to be a function of CPR duration. Patients that achieve ROSC after brief CPR
durations are more likely to have improved functional outcome. Likewise, patients that
achieve ROSC after longer CPR durations are more likely to have poor functional outcome.

Conclusions

Most CPR efforts fail to produce sustained ROSC after OHCA. Despite some increase in the
total number of patients with ROSC when CPR is prolonged, the proportion of OHCA cases
that survive to hospital discharge with favorable functional status declines with each minute
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of CPR. Alternative strategies to traditional resuscitation should be tested immediately after
cardiac arrest rather than after failure of traditional CPR.
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Clinical Commentary

Despite advances in systematic post-resuscitation care, only 5-15% of out-of-hospital
cardiac arrest (OHCA) victims survive to hospital discharge. Few interventions have
proven benefit in cardiac arrest resuscitation, and the typical strategy for patients without
rapid return of spontaneous circulation (ROSC) is to repeat failed interventions. No
additional resources are brought to bear. Novel approaches to treating OHCA, such as
extra-corporeal life support (ECLS) have yielded neurologically favorable survival in
select patients who fail traditional resuscitation. We investigated the relationship between
duration of CPR and neurologic outcome after cardiac arrest to identify the duration of
CPR beyond which repeating traditional resuscitation measures does not result in
incremental neurologically favorable survival. Our findings suggest that conventional
resuscitation is the most effective within the first 10-15 minutes, by which time 75% of
patients with favorable neurologic recovery had achieved ROSC. The probability of
favorable neurologic recovery fell to 2% beyond this point. CPR duration was
independently associated with favorable neurologic outcome, adjusting for prehospital
and inpatient covariates. Alternative strategies to traditional resuscitation should be tested
immediately after cardiac arrest, rather than after failure of traditional CPR.

Circulation. Author manuscript; available in PMC 2014 December 03.




1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Reynolds et al.

Total Cardiac Arrests
n=5,517

Page 11

Untreated Cardiac Arrests
n=3,168

EMS Treated Cardiac Arrests
n=2,349

Missing CPR Duration Data
n=1,307

Complete CPR Duration
Data Available
n=1,042

Missing Outcome Data
n=28

Analyzable Cohort
n=1,014

Figure 1.

Study cohort and exclusions. EMS: emergency medical services. CPR: cardiopulmonary resuscitation.
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Proportion achieving ROSC

T
40 60 80
CPR duration (minutes)

Percentile CPR duration (minutes) (95% confidence interval)

Soth 75th 90th
mRS 0-3 (n=58) 6.0 (4.4,7.9) 10.0 (7.9, 14.1) 16.4 (13.0,21.0)
mRS 4-5 (n=55)  13.0 (9.4,15.0)  19.2 (15.0, 23.4) 24 (21.0,26.1)

mRS 6 (n=361) 16.0 (14.6,17.0)  21.5 (20.7, 23.0) 30.3 (27.0, 33.7)

Figure 2.
Distribution of CPR duration for patients achieving return of spontaneous circulation, stratified by outcome (p=0.0001).
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Figure 3.

Dynamic probability of survival to hospital discharge with mRS 0-3 by CPR duration with 95% confidence intervals. mRS:

modified Rankin scale. CPR: cardiopulmonary resuscitation.
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Table 1

Clinical features stratified by functional outcome at hospital discharge. Continuous variables are given either
as mean + standard deviation, or median (interquartile range). Categorical variables are given as count (%).
EMS: emergency medical services. ECG: electrocardiogram. VF: ventricular fibrillation. VT: ventricular
tachycardia. PEA: pulseless electrical activity. AED: automated external defibrillator. min: minutes. CPR:
cardiopulmonary resuscitation. SBP: systolic blood pressure. PCI: percutaneous coronary intervention.
CABG: coronary artery bypass graft. ICD: implantable cardiac defibrillator. ICU: intensive care unit. DNR:
do not resuscitate. N/A: not applicable.

mRS 0-3 mRS 4-5 mRS 6 ROSC=0
n=58 n=55 n=362 n=539
Baseline characteristics
Age (years) 56.2+155 63.0 + 16.7 68.0 + 15.8 64.5+18.4
Male sex 39 (67.2%) 28 (50.9%) 198 (54.7) 312 (58.0%)
Residence prior to event
Home 58 (100%) 46 (83.6%) 239 (66.0%) 0 (0%)
Rehabilitation center 0 (0%) 0 (0%) 2 (0.5%) 0 (0%)
Assisted living facility 0 (0%) 1(1.8%) 11 (3.0%) 0 (0%)
Nursing home 0 (0%) 5(9.1%) 72 (19.9%) 1(0.2%)
Event characteristics
Witnessed status
EMS-witnessed 10 (17.2%) 5 (9.1%) 41 (11.3%) 17 (3.2%)
Bystander-witnessed 38 (65.5%) 26 (47.3%) 157 (43.4%) 102 (18.9%)
Not witnessed 2 (3.5%) 2 (3.6%) 23 (6.4%) 71 (13.2%)
Bystander CPR 27 (46.6%) 21 (38.2%) 171 (47.2%) 175 (32.5%)
AED shock delivered 5 (8.6%) 0 (0%) 8 (2.2%) 3(0.6%)
Initial ECG Rhythm
VENT 43 (74.1%) 27 (49.1%) 79 (21.8%) 45 (8.4%)
PEA 6 (10.3%) 16 (29.1%) 107 (29.6%) 64 (11.9%)
Asystole 3 (5.2%) 6 (10.9%) 131 (36.2%) 315 (58.4%)
AED - no shock advised 3 (5.2%) 4(7.3%) 37 (10.2%) 105 (19.5%)
EMS interventions
911 call - EMS arrival (min) 6.0+4.3 52+28 6.6 +3.3 59+28
CPR duration (min) 6.2(3.7,10.0) 13.0(7.0,19.2) 16.0(10.8,21.5) 17.5(6.8,26.7)
Chest compression fraction 0.48+0.18 0.58 +0.16 0.65+0.13 0.66 +0.15
Advanced airway attempted 26 (44.8%) 35 (63.6%) 244 (67.4%) 243 (45.1%)
Epinephrine administered 14 (24.1%) 39 (70.9%) 334 (92.3%) 313 (58.1%)
Dose epinephrine (mg) 28+14 28+15 35+19 3.7+0.6
Any shock delivered 39 (67.2%) 23 (41.8%) 118 (32.6%) 61 (11.3%)
Number of shocks delivered 3(L,5) 3(1,5) 3(1,5) 2(1,3)
Inpatient interventions
First recorded SBP (mmHg) 139.9 +36.7 135.8 +36.7 116.3+42.4 N/A
Therapeutic hypothermia 12 (20.7%) 27 (49.1%) 102 (28.2%)
Cardiac catheterization 33 (56.9%) 17 (30.9%) 26 (7.2%)
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mRS 0-3 mRS 4-5 mRS 6 ROSC=0
n=58 n=55 n=362 n=539
PCI 24 (41.4%) 13 (23.6%) 18 (5.0%)
CABG 6 (10.3%) 2 (3.6%) 1 (0.3%)
Pacemaker/ICD implant 23 (39.7%) 9 (16.4%) 1(0.3%)
ICU length of stay (days) 5@,9) 13 (6, 18) 2(0,4)
DNR order 0 (0%) 11 (21.2%) 201 (63.4%)
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Table 2

CPR durations that correspond to the estimated 50%, 75%, and 90% proportions of patients achieving ROSC,
stratified by outcome. mRS: modified Rankin scale. ROSC: return of spontaneous circulation.

Patient outcome  Proportion achieving ROSC (95% confidence interval) CPR duration (minutes)

50.0% (38.0%, 63.4%) 6.0
MRS 0-3 (n=58) 74.1% (62.5%, 84.5%) 9.3
89.7% (80.3%, 95.8%) 16.1
49.1% (36.8%, 62.9%) 12.3
MRS 4-5 (n=55) 74.6%, (62.6%, 85.1%) 18.1
87.3% (77.1%, 94.5%) 234
49.9% (44.8%, 55.1%) 15.9
MRS 6 (n=361) 74.8% (70.2%, 79.1%) 21.4
89.7% (86.4%, 92.6%) 29.3
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Table 3

Unadjusted and adjusted logistic regression models for mRS 0-3 on hospital discharge. Cl: confidence
interval. CPR: cardiopulmonary resuscitation. AED: automate external defibrillator. EMS: emergency
medical services.

Odds Ratio 95% ClI p-value

Unadjusted Model

CPR duration (minutes) 0.87 0.83,0.91 <0.001
Prehospital Adjusted Model

CPR duration (minutes) 0.84 0.75, 0.95 0.004
Age (years) 0.94 0.91,0.99 0.007
Male sex 0.58 0.19,1.78 0.34
Witnessed arrest 491 1.29, 18.67 0.02
AED shock delivered Absence perfectly predicts failure
911 call to EMS arrival (minutes) 1.00 0.85,1.18 0.99
Shockable initial rhythm 10.31 2.79,38.8 <0.001
Chest compression fraction (%) 0.03 0.01,1.13 0.06
Advanced airway attempted 2.68 0.57,12.57 0.21
Epinephrine administered 0.46 0.11,1.91 0.29
Inpatient Adjusted Model

CPR duration (minutes) 0.84 0.72,0.98 0.02
Age (years) 0.93 0.89,0.97 0.002
Male sex 0.71 0.20, 2.54 0.61
Witnessed arrest 4.38 1.07,18.03 0.04
AED shock delivered Absence perfectly predicts failure
911 call to EMS arrival (minutes) 0.97 0.82,1.16 0.76
Shockable initial rhythm 3.35 0.78,14.34 0.10
Chest compression fraction (%) 0.06 0.01, 2.84 0.15
Advanced airway attempted 1.17 0.25,5.43 0.84
Epinephrine administered 0.37 0.08,1.71 0.20
Therapeutic hypothermia 0.40 0.12,1.35 0.14
Cardiac catheterization 5.85 1.58, 21.64 0.008
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