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Abstract

Objective: We evaluated the effect of chest compression fraction (CCF) on survival to hospital
discharge and return of spontaneous circulation (ROSC) in out-of-hospital cardiac arrest (OHCA)
patients with non-shockable rhythms.

Methods: This is a retrospective analysis (completed in 2016) of a prospective cohort study
which included OHCA patients from ten U.S. and Canadian sites (Resuscitation Outcomes
Consortium Epistry and PRIMED study (2007-2011)). We included all OHCA victims of
presumed cardiac aetiology, not witnessed by emergency medical services (EMS), without
automated external defibrillator shock prior to EMS arrival, receiving > 1 minute of CPR with
CPR process measures available, and initial non-shockable rhythm. We measured CCF using the
first 5 minutes of electronic CPR records.
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Results: Demographics of 12,928 adult patients were: mean age 68; male 59.9%; public location
8.5%; bystander witnessed 35.2%; bystander CPR 39.3%; median interval from 911 to
defibrillator turned on 10min:04sec; initial rhythm asystole 64.8%, PEA 26.0%, other non-
shockable 9.2%; compression rate 80-120/min (69.1%); median CCF 74%; ROSC 25.6%; survival
to hospital discharge 2.4%. Adjusted odds ratio (OR); 95% confidence intervals (95%CIl) of
survival for each CCF category were: 0-40% (2.00; 1.16, 3.32); 41-60% (0.83; 0.54, 1.24);
61-80% (1.02; 0.77, 1.35); and 81-100% (reference group). Adjusted (OR; 95%Cl) of ROSC for
each CCF category were: 0-40% (1.02; 0.79, 1.30); 41-60% (0.83; 0.72, 0.95); 61-80% (0.85;
0.77, 0.94); and 81-100% (reference group).

Conclusions: We observed an incremental benefit from higher CCF on the incidence of ROSC,

but not survival, among non-shockable OHCA patients with CCF higher than 40%.

Keywords
cardiopulmonary resuscitation; heart arrest; resuscitation

INTRODUCTION

Background

In North America, overall survival to hospital discharge for out-of-hospital cardiac arrest
(OHCA) has reached 10%.1 Survival varies by community, and has improved over time.14
Bystander cardiopulmonary resuscitation (CPR) and early defibrillation are two modifiable
factors clearly associated with increased survival for OHCA.> Several large studies have
sought to improve CPR quality and to determine the proper rate, depth,” and ventilation to
chest compression ratio.! The 2015 International Consensus on CPR recommends that
interruptions in chest compressions be minimized,8 including during the management of the
victim’s airway,® and during the period of time preceding and following shock delivery.10
Such interruptions in chest compressions directly affect the chest compression fraction
(CCF), which is defined as the proportion of time spent providing chest compressions while
the patient is pulseless and in cardiac arrest.

Importance

There currently exists conflicting evidence supporting efforts to achieve a greater CCF.
Higher CCF has been associated with both higher!1-13 and lowerl415 survival to hospital
discharge for OHCA patients. However, most studies have involved patients with an initial
shockable rhythm (ventricular fibrillation or tachycardia, VF/VVT). Very little is known about
the impact of CCF in a population of OHCA patients with initial non-shockable rhythms
(asystole and pulseless electrical activity). This group now represents almost 75% of all
OHCA victims, and has a substantially poorer prognosis compared to patients with an initial
shockable rhythm.! Importantly, cardiac arrest aetiology and physiology may differ in the
non-shockable group such that optimal CPR, including CCF, may also differ.16 A single
prior study of this rhythm group suggested that higher CCF could possibly be associated
with a higher incidence of return of spontaneous circulation (ROSC) among non-shockable
OHCA victims.17 This study, however, was relatively small (2,103 patients including 42
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survivors) and was under-powered to robustly evaluate the impact of CCF on ROSC or
clinical outcomes such as survival to hospital discharge.

nvestigation

We sought to determine the association between CCF and survival to hospital discharge and
ROSC in a much larger cohort of OHCA patients with a non-shockable initial rhythm.

This is a retrospective analysis (completed in 2016) of a cohort of OHCA patients
prospectively enrolled either in the Resuscitation Outcomes Consortium (ROC) PRIMED
study (from June 2007-November 2009) or in the ROC Epistry following the completion of
the ROC PRIMED study (January 2010-April 2011). ROC is a clinical network of 11
regional centres distributed across North America conducting research in the fields of
OHCA and life-threatening traumatic injury.1® The ROC PRIMED study used a cluster-
randomized design to study the impact of early (after no more than 30 to 60 seconds of
CPR) or delayed (after 180 seconds of CPR) first rhythm analysis on OHCA survival
outcomes.1® The ROC Epistry has been collecting population-based prospective data on
OHCA from more than 260 emergency medical service (EMS) agencies since December,
2005.20 Information collected by the ROC is subject to standardized operational definitions,
and all data are managed by a central data coordinating centre. In addition to collecting the
elements suggested by Utstein,?! ten of the eleven ROC regional centres also collected
digitally recorded CPR process data (for example chest compression rate, depth, and pauses
in compressions).

ROC regional centres from which CPR process data was available for this study included:
Ottawa/OPALS, ON; Toronto/Rescu, ON; and Vancouver, BC in Canada; and Seattle/King
County, WA; Pittsburgh, PA; Portland, OR; Dallas, TX; lowa City, IA; Milwaukee, WI; and
Birmingham, AL in the United States.

Eligible patients for this study were adults (18 years of age and older) experiencing OHCA
of presumed cardiac aetiology prior to EMS arrival for whom resuscitation was attempted,
and initial rhythm was other than VF/VT (i.e. non-shockable). The initial rhythm was
determined to be non-shockable if the initial automated external defibrillator (AED) did not
recommend a shock, or if the EMS provider interpreted the initial rhythm to be other than
VF/VT. All rhythm diagnoses were later confirmed by research staff. We excluded patients
who received a shock from an AED prior to EMS arrival or preceding EMS CPR. We
excluded patients for whom the statuses of out-of-hospital ROSC or survival to hospital
discharge were missing. Patients were also excluded if they had less than one minute of
analysable CPR process data available over the first five minutes, period during which CPR
process data was most reliably available.
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The ROC PRIMED study and the ROC Epistry both received approval from all the US
Institutional Review Boards, Canadian Research Ethics Boards, and EMS Services
Institutional Review Boards at each of the participating sites.

Methods of measurement

We used digital CPR recordings available from PhysioControl (Redmond, WA)
defibrillators, Zoll (Chelmsford, MA) defibrillators, Philips (Andover, MA) defibrillators,
and Laerdal (Stavanger, Norway) defibrillators following electrode application onto the
patient’s chest, and measured the presence and frequency of chest compressions. This was
achieved indirectly, either by changes in thoracic impedance recorded from external
defibrillation electrodes 22 or via an accelerometer interface between the rescuer and the
patient’s chest using commercially available defibrillators.

Outcome measures

The primary outcome measure was survival to hospital discharge. The secondary outcome
measure was any out-of-hospital ROSC, which we determined to be present if there was any
palpable pulse in any vessel for any length of time.

Predictor of interest

Our predictor of interest was CCF. CCF was calculated as the proportion of analysable time
during which chest compressions were administered over the first five minutes of recorded
CPR process data. This was calculated by analytic software which permitted identification
of all interruptions greater than two to three seconds, which were considered time intervals
without chest compression. Trained research staff reviewed the automated calculation of
CCF at each site prior to entering CCF values. CPR process data was occasionally
unanalysable due to circumstances such as when the patient was being moved, when cables
were temporarily disconnected, or when the patient had ROSC.

Data analyses

We used descriptive statistics to compare the patient and system characteristics for our study
population to those excluded due to missing CPR process data or having less than one
minute of analysable CPR time. For our study population, we used descriptive statistics to
compare the patient and system characteristics across categories of CCF (0-40%, 41-60%,
61-80%, and 81-100%). We combined the 0-20% and the 20-40% groups for analyses
because there were too few subjects in the 0-20% group. For our primary outcome, we used
multivariable logistic regression to estimate the adjusted odds ratio of survival to hospital
discharge for each CCF category (0-40%, 41-60%, and 61-80%) relative to a CCF of
81-100%. For our secondary outcome, we used multivariable logistic regression to estimate
the adjusted odds ratio of any out-of-hospital ROSC for each CCF category (0-40%,
41-60%, and 61-80%) relative to a CCF of 81-100%. In both multivariable logistic
regression models, the adjustment variables were confounders that were selected a priorr:
age (continuous), sex (male; female), arrest location (public; private), bystander witness
status (yes; no or unknown), bystander CPR status (yes; no or unknown), chest compression
rate (80-120; <80 or >120), time from 911 call until the AED was turned on (continuous),
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initial rhythm (asystole; PEA; AED no-shock), and ROC site (10 sites). All analyses were
conducted using R version 3.0.2. (Vienna, Austria).

Characteristics of study subjects

Figure 1 summarizes the refinement of our study population. Of the 30,139 adults with
OHCA of cardiac aetiology with a resuscitation attempt, 26,233 were not EMS-witnessed or
shocked prior to EMS arrival. Of these patients, 19,693 had a non-shockable initial rhythm.
We excluded 28 patients with missing survival or ROSC status, 116 patients who received a
defibrillator shock by EMS prior to CPR, and 6,540 patients who had missing CPR process
data. Of the remaining 13,099 patients, 171 had less than one minute of analysable CPR
process data, resulting in a study population of 12,928 patients.

We compare those excluded due to missing CPR process data (n=6,450) or due to having
less than one minute of analysable time (n=171) to our study population (n=12,928) in Table
1. Of note, those excluded due to having less than one minute of CPR process data had, on
average, better outcomes than those in our study sample. They were more likely to have
ROSC within the first five minutes of CPR, and more likely to survive to hospital discharge.
Those excluded due to having missing CPR process data had similar characteristics to our
study population. In our study population, the mean age was 68, 59.9% were male, 8.5%
arrested in a public location, 35.2% were witnessed by a bystander, and 39.3% received
bystander CPR. The initial rhythms in our non-shockable population were asystole (64.8%),
PEA (26.0%), and ‘AED no shock, no strip’ (9.2%; which refers to when the AED did not
advise a shock to be given, but an ECG rhythm strip was not available). Of the 12,928
patients in our study population, 307 (2.4%) survived to hospital discharge and 3,304
(25.6%) had out-of-hospital ROSC. Of the 307 survivors, most (95.8%) had out-of-hospital
ROSC.

We compare patient and system characteristics of our study population by CCF category in
Table 2. Those in the lowest CCF category were more likely to have a chest compression
rate below 80, have an initial rhythm of PEA, and have ROSC within the first five minutes of
CPR compared to those with higher CCF. For the CCF categories of 0-40%, 41-60%,
61-80%, and 81-100%, survival to hospital discharge was respectively 5.2%, 1.8%, 2.2%,
and 2.5%, and any out-of-hospital ROSC was 27.0%, 23.0%, 24.3%, and 28.1% (Figure 2).

Main Results

Unadjusted and adjusted odds ratios of survival to hospital discharge and ROSC are
presented in Table 3. The adjusted odds of survival for patients with CCF of 61-80% and
41-60% were not found to be statistically different from the odds for patients with CCF of
81-100%. The adjusted odds of survival in patients with 0-40% CCF were estimated to be
2.00 times larger (95% ClI: 1.16-3.32) than those of patients with 81-100% CCF. The
adjusted odds of ROSC for patients with CCF of 61-80% and 41-60% were estimated to be
0.85 (95% CI: 0.72-0.95) and 0.83 (95% Cl: 0.77-0.94) times lower than the odds of ROSC
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for patients with CCF of 81-100%. The adjusted odds of ROSC in patients with 0-40% CCF
were not found be statistically different from the odds for patients with CCF of 81-100%.

DISCUSSION

In this retrospective analysis of data from a large multi-centre prospective cohort study, we
describe the association of CCF with survival to hospital discharge and ROSC using an adult
population of OHCA patients for whom the initial ECG rhythm was non-shockable. In this
population, which represents the majority of OHCA cases, we found that increased CCF was
associated with a significantly higher likelihood of ROSC among patients having a CCF
exceeding 40%, but not with increased survival. These observations were independent of
other known potential predictors of ROSC and survival to hospital discharge and highlight
the potential importance of post ROSC care. We also found that survival was highest among
the 0-40% CCF group.

We had to carefully define the study population included in this analysis in order to mitigate
the impact of early survival among a group with very low CCF, as well as the impact of late
death among a group with very high CCF and prolonged resuscitation efforts. We chose to
study a cohort of patients where at least one minute of analysable CPR process data was
available, up to and including the first five minutes of recorded data. In contrast, Christenson
et al. only included available CPR process data up to and including the minute during which
the first shock was provided (mean of 3.2 minutes included),1! whereas Cheskes et al.
included the first ten minutes of CPR process data following the first documented EMS
compression.}* Rea et a/. noticed that CCF did not appear to be associated with increased
ROSC or survival in a population of OHCA patients in ventricular fibrillation during the first
5 minutes of resuscitation, but those requiring greater than 10-20 minutes of CPR appeared
to benefit from increased CCF.12

We also chose the group with a CCF of 81-100% as our reference group for the analyses.
This is in contrast with prior studies by Christenson et a/11 and Vaillancourt et a/1” where
the 0-20% and 0-40% CCF groups were respectively used as references. In our patient
cohort, those with a CCF of 40% or less not only received a minimum amount of chest
compressions, they were also more likely to be witnessed and treated in a public location,
more likely to be in PEA, and more likely to receive a lower chest compression rate. Overall,
this group had the highest survival rate despite receiving very little CPR. The reasons why
that is are multifactorial, although unlikely the result of early conversion to a shockable
rhythm.23 Instead, it is conceivable this group could have been in pseudo-PEA and mostly
benefited from interventions other than CPR.24-26

Among patients for whom CCF exceeded 40%, our findings confirmed the hypothesis
previously postulated by Vaillancourt et a/. that higher CCF could result in higher ROSC,17
but could not confirm an association between CCF and survival for OHCA patients in an
initial non-shockable rhythm. We believe even a much larger study would be unlikely to
yield very different results. This is in contrast with the findings from Christenson et al.
where such an association between CCF and survival existed,1 but consistent with the
conclusions from Cheskes et a/.,1 both in a population of OHCA with shockable rhythm.
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Our findings are also consistent with a study by Vadeboncoeur ef a/. which found an inverse
relationship between CCF and survival in a population of OHCA patients presenting with
any initial rhythm.15 Wik et a/. suggested the inability to find an association between CCF
and survival resulted from failing to take into account other resuscitation activities.!3 This
was fortunately not the case in the adjusted findings we are presenting.

In our adjusted analyses, an optimum chest compression rate of 80-120 compressions per
minute was associated with neither ROSC nor survival. We interpret this as follows
considering prior studies published by Idris ef a/. in 2012 and 2015.627 In their primary
adjusted analyses, statistical modeling comparing pre-determined chest compression rate
categories to a reference rate of 80-140° or 100-11927 compressions per minute showed an
association with neither ROSC (p=0.96 and p=0.93)8:27 nor survival (p=0.18 and p=0.19).
627 A relationship between chest compression rate and ROSC was only found in post hoc
exploratory analyses where an adjusted natural cubic spline curve show that greater ROSC
was associated with a chest compression rate of 125 per minute before declining sharply (p
=0.012).6 Furthermore, an optimum chest compression rate of 100-119 was associated with
survival in an adjusted analysis including a population where CCF and compression depth
were both known (p=0.02).27

These findings may have implications for future cardiac arrest research. It appears that CCF
is indeed a complex measure of overall CPR quality, one that seems to play a variable role
based on the temporal evolution of a given resuscitation effort (early vs. late). Since out-of-
hospital ROSC has not been shown to be a strong predictor of survival to hospital discharge
in the past, the importance that should be given to CCF by rescuers over the other important
components of CPR quality such as rate, depth, and peri-shock pauses remains unclear. As
such, CCF may be better suited as an overall debriefing performance feedback measure
rather than a metric that should be optimized during resuscitation efforts. Future similar
analyses should consider including all available CPR process data, notwithstanding the
decreasing survival rate associated with increasingly prolonged resuscitation efforts.1?
Moreover, investigators conducting randomized controlled trials should carefully examine
patients surviving in spite of receiving little to no CPR (low CCF group). Although these
cases should be equally distributed between groups, we postulate they may be more likely to
be in PEA with week-undetectable pulse (i.e. not truly in cardiac arrest), and less likely to
benefit from the implemented intervention.

LIMITATIONS

This study has a number of limitations. First, because we used an observational cohort
design, we can only report associations between increased CCF and the incidence of ROSC
and survival to hospital discharge. We would need to adopt a controlled interventional study
design to test whether a causal relationship exists. However, such a study would be
extremely challenging to undertake. Second, the low survival rate from non-shockable
OHCA reduces the statistical power to detect any impact of CCF on survival, our primary
outcome. Nonetheless, with more than 12,000 cases available for analyses, we estimate we
had sufficient power to detect a 1% increase in survival from increased CCF. In addition, the
in-hospital care provided to cardiac arrest victims reaching the hospital with ROSC was not
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standardized and may have had a greater influence on survival to hospital discharge than
CCF did during prehospital care. Third, we had to exclude a large number of potentially
suitable cases because CPR process measures were not available. Nonetheless, these cases
were very similar to those included in our study population. Forth, our data source did not
include the time of adrenaline administration, and the total dose of adrenaline administered
was often missing or not reliably documented. However, we could report accurately the
proportion of cases who received adrenaline. Finally, it is possible that selection bias
occurred based on differential patient contribution by study site, two of which were also
using a continuous chest compression strategy. Irrespective, the resulting association of CCF
with survival and ROSC was adjusted for several possible cofounders identified a priori,
including study site.

CONCLUSIONS

In this large observational study of OHCA patients with non-shockable initial rhythm,
increased CCF was independently associated with increased likelihood of ROSC among
patients having a CCF exceeding 40%, but not survival. These findings are important since
non-shockable rhythms constitute the majority of initial cardiac arrest rhythms observed in
the out-of-hospital setting.
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L 4

No AED Shock Before EMS Arrival
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Initial Rhythm other than VF/VT
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1

Initial Rhythm VF/VT or Unknown
N =6,540

Missing Vital Status or ROSC Status, N =28
EMS Shock Preceding EMS CPR, N =116
Missing CPR Process Data, N = 6,450

Study Population
N=12928

Figure 1. Study Cohort and Exclusions.

Less than 1 Minute Analyzable Time
N=171

OHCA indicates out-of-hospital cardiac arrest; EMS, emergency medical services; AED,
automated external defibrillator; VF/VT, ventricular fibrillation/ventricular tachycardia;
ROSC, return of spontaneous circulation; and CPR, cardiopulmonary resuscitation.
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Patient and System Characteristics Comparing Patients Included in the Analyses to Those Excluded Because

of Insufficient CPR Process Measures.

Study Excluded Excluded
population
<1 minute Missing CPR
analysable CPR  process data
process data
(n=12,928) (n=171) (n=6,450)
Age - mean (SD) 68 (17) 70 (16) 68 (17)
Male - n (%) 7,741 (59.9%) 109 (63.7%) 3,816 (59.2%)
Public location - n (%) 1,096 (8.5%) 13 (7.6%) 597 (9.3%)
Bystander witnessed - n (%) 4,555 (35.2%) 70 (40.9%) 2,321 (36.0%)
Bystander CPR - n (%) 5,078 (39.3%) 69 (40.4%) 2,425 (37.6%)
No. of contributing agencies . mean (SD) 2.5(0.6) 2.5(0.6) 2.6 (0.5)
Site - n (%)
A 163 (1.3%) 12 (7.0%) 274 (4.2%)
B 1,310 (10.1%) 25 (14.6%) 373 (5.8%)
c 881 (6.8%) 0 (0%) 545 (8.4%)
D 1745 (13.5%) 21 (12.3%) 1,031 (16.0%)
E 696 (5.4%) 1 (0.6%) 133 (2.1%)
F 596 (4.6%) 5 (2.9%) 669 (10.4%)
G 931 (7.2%) 4 (2.3%) 439 (6.8%)
H 1,643 (12.7%) 34 (19.9%) 551 (8.5%)
I 3,520 (27.2%) 36 (21.1%) 1,763 (27.3%)
J 1,443 (11.2%) 33 (19.3%) 672 (10.4%)
ALS first on scene - n (%) 4,686 (36.3%) 53 (31.0%) 2,810 (44.6%)
ALS on scene - n (%) 12,528 (96.9%) 164 (95.9%) 6,281 (97.4%)
Minutes from 9-1-1 call to scene - median (Q1, Q3) 5.4 (4.2,6.9) 5.2 (4.3,6.5) 55(4.2,7)
Minutes from 9-1-1 call to first EMS rhythm interpretation - median (Q1, Q3) 10 (8.2, 12) 9.6 (7.9, 12) 10 (7.9, 12)
Adrenaline (Epinephrine) use - n (%) 11,059 (85.5%) 121 (70.8%) 5,029 (78.0%)
Initial rhythm - n (%)
Asystole 8,378 (64.8%) 107 (62.6%) 3,627 (56.2%)
PEA 3,366 (26.0%) 49 (28.7%) 1,380 (21.4%)
AED no shock, no strip 1,184 (9.2%) 15 (8.8%) 1,443 (22.4%)
Any out-of-hospital shock - n (%) 2,481 (19.2%) 30 (17.5%) 1,029 (16.0%)
ROSC within first 5 minutes of CPR - n (%) 266 (2.1%) 20 (11.7%) 163 (2.5%)
Any out-of-hospital ROSC - n (%) 3,304 (25.6%) 50 (29.2%) 1,643 (25.5%)
Survived to hospital discharge - n (%) 307 (2.4%) 13 (7.6%) 226 (3.5%)

SD indicates standard deviation; CPR, cardiopulmonary resuscitation; ALS, Advanced Life Support; Q1, Q3, the 1st and 3rd quantiles; EMS,

emergency medical services; and ROSC, return of spontaneous circulation.

*
information was only available about the first four EMS units at the scene.
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