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Background: Previous studies have demonstrated significant relationships between cardiopulmonary
resuscitation (CPR) quality metrics and survival to hospital discharge from out-of-hospital cardiac arrest
(OHCA). Recently, it has been suggested that a new metric, chest compression release velocity (CCRV),
may be associated with improved survival from OHCA.

Methods and results: We performed a retrospective review of all treated adult OHCA occurring over a two
year period beginning January 1, 2012. CPR metrics were abstracted from accelerometer measurements
during each resuscitation. Multivariable regression analysis was used to examine the impact of CCRV
on survival to hospital discharge. Secondary outcome measures were the impact of CCRV on return of
spontaneous circulation (ROSC) and neurologically intact survival (MRS < 3). Among 1800 treated OHCA,
1137 met inclusion criteria. The median (IQR) age was 71.6 (60.6, 82.3) with 724 (64%) being male. The
median (IQR) CCRV (mm/s) amongst 96 survivors was 334.5 (300.0, 383.2) compared to 304.0 (262.6,
354.1) in 1041 non survivors (p<0.001). When adjusted for Utstein variables, the odds of survival to
hospital discharge for each 10 mmy/s increase in CCRV was 1.02 (95% CI: 0.98, 1.06). Similarly the odds
of ROSC and neurologically intact survival were 1.01 (95% CI: 0.99, 1.03) and 1.02 (95% CI: 0.98, 1.06),
respectively.

Conclusions: When adjusted for Utstein variables, CCRV was not significantly associated with outcomes
from OHCA. Further research in other EMS systems is required to clarify the potential impact of this
variable on OHCA survival.
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1. Introduction

Improving survival from out-of-hospital cardiac arrest (OHCA)
continues to challenge Emergency Medical Services (EMS)
systems.!—3 The 2010 American Heart Association-International
Liaison Committee on Resuscitation (AHA-ILCOR) guidelines for
cardiopulmonary resuscitation (CPR) suggest improvements in
CPR quality may increase the chance of survival from OHCA.*> CPR
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quality metrics of chest compression fraction (CCF), compression
rate, compression depth and peri-shock pause duration have
been independently associated with improved survival to hospital
discharge from OHCA.6-10

The importance of minimizing provider leaning on the chest
during CPR and allowing for complete chest recoil during chest
compressions has been highlighted in an AHA consensus state-
menton CPR quality.!! Leaning during chest compressions has been
associated with both a decrease in venous return and cardiac out-
put during CPR.'> Animal studies have demonstrated deleterious
effects on right atrial pressure as well as cerebral and coronary
perfusion pressure when leaning occurs during resuscitation.!> 4
These observations suggest that decreasing leaning and improv-
ing the speed of chest recoil may improve hemodynamics during
cardiac resuscitation. Recent animal studies have suggested that
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a new CPR quality measure, chest compression release velocity
(CCRV), may be associated with enhancements in both venous
return and cardiac output.’>16 Preliminary findings from a recent
observational study by Bobrow et al., appear to corroborate these
animal findings.!” The authors reported that mean CCRV “recoil”
(per 10 mm/s) was independently associated with survival to hos-
pital discharge.

The theoretical benefit of an association between CCRV and
clinical outcomes may be significant. If CCRV can be shown to be
associated with improved clinical outcomes, optimization of this
variable through real-time CPR feedback'8-20 to providers (manual
CPR) and modification of mechanical CPR devices?!22 (mechanical
CPR) may impact OHCA survival.

The primary objective of this study was to explore the relation-
ship between CCRV and survival to hospital discharge from OHCA.
Secondary objectives were to determine the impact of CCRV on
return of spontaneous circulation (ROSC) and neurologically intact
survival (Modified Rankin Score <3).

2. Methods
2.1. Setting and design

This was a retrospective observational study of prospectively
collected data to determine the relationship between CCRV and
clinical outcomes following OHCA over a two year period beginning
January 1,2012. The study took place in the Regions of Peel and Hal-
ton in the province of Ontario, Canada. The regions cover an area
of 2040 km? and have a combined population of 1.6 million people.
Prehospital medical care is provided by advanced care paramedics
(full advanced life support skills) and primary care paramedics
(basic life support skills with the addition of a small number
of medications and manual defibrillation). EMS in each region is
predominately provided by a single EMS agency (Peel Regional
Paramedic Service - Region of Peel, Ontario, Canada, Halton Emer-
gency Medical Services - Region of Halton, Ontario, Canada). Both
EMS agencies are part of the Resuscitation Outcomes Consortium
(ROC), Toronto site, and participate in ROC Epistry,23%* as well
as all ROC cardiac randomized controlled trials. Since 2006, both
EMS providers have collected CPR process data (chest compression
rate, compression depth, CCF and shock-pause duration). The new
CPR metric of CCRV was not specifically collected by either service,
but was extracted from the accelerometer signal collected from
each cardiac arrest resuscitation. CCRV abstraction was performed
by one of the co-investigators (A.S.) at Zoll Medical Corporation
(Chelmsford, Massachusetts).

The study protocol was approved by the St. Michael’s Hospital
Research Ethics Board (REB) as an amendment to each agency’s
pre-existing ROC REB approval.

2.2. Study population

Patients were included in this study if they were >18 years of
age and sustained non-traumatic OHCA of presumed cardiac etiol-
ogy. Cases of public access defibrillation, EMS witnessed arrest and
those missing any Utstein variable or discharge status data were
excluded. Cases were also excluded if the time of CPR start was
missing, no compression data was available for the first 5min of
EMS CPR or cases had less than 100 compressions for analysis.

2.3. Measurement

Compression data (maximum 10 min of data) from all eligible
resuscitations were abstracted from the compression acceleration
signal recorded by the defibrillator and assessed for duration of pre-
and post-shock pauses, CCF, compression rate, compression depth

and CCRV. Velocity (mm/s) was determined by taking the integral
of the acceleration signal and CCRV was defined as the maximal
value of release velocity measured during decompression.

2.4. Statistical analysis

Descriptive statistics were used to summarize the general char-
acteristics of the study population. Differences in demographic
characteristics, Utstein variables and CPR metrics between the sur-
vivors and non-survivors were evaluated using chi square statistics
and t-tests for categorical and continuous variables where appro-
priate. Data elements were chosen with the intent of evaluating
variables for model inclusion based on known (Utstein variables)
and hypothesized relationships between potential independent
variables (CCRV) and survival to hospital discharge from OHCA.
Univariable analyses of all demographic characteristics, Utstein
variables and CPR metrics were completed and clinically relevant
variables with a p-value of 0.10 or less in the univariable analysis
were considered for the multivariable logistic regression models. As
noted in Table 1, these variables included age, gender, bystander
CPR, bystander witnessed status, response time, public location,
presenting rhythm, CPR quality metrics and CCRV.

Multivariable logistic regression analyses were performed to
assess the relationship between CCRV and survival to hospi-
tal discharge (primary outcome). Secondary outcome measures
investigated the association between CCRV, ROSC and neurolog-
ically intact survival to hospital discharge with Modified Rankin
Score (MRS) <3. Secondary outcomes were assessed in 10 mm/s
increments of CCRV to be consistent with published literature in
this area.!” A pre-specified secondary analysis was performed to
investigate the association between CCRV and survival to hos-
pital discharge in the subgroup of patients who presented in
ventricular fibrillation/ventricular tachycardia (VF/VT). Likelihood
ratio tests determined appropriate inclusion of variables in the
multivariable logistic regression model. Linear regression analy-
sis was used to determine if there was a correlation between age
and CCRV as well as chest compression depth and CCRV. Results
are reported as odds ratios with 95% confidence intervals. The
Hosmer-Lemeshow goodness-of-fit statistic measured how well
the final model described the response variable. Multiple impu-
tation employing Markov Chain Monte Carlo methods was used
to generate a range of plausible values (10 simulated complete
datasets) for cases with missing CCRV data. All analyses were per-
formed using SAS 9.3 software (SAS Institute, Cary, NC).

2.5. Sample size calculation

To estimate the required sample size for our primary multi-
variable regression model, we employed the formula by Peduzzi
et al,, N=10k/p, where p is the estimated proportion of patients
who survived to hospital discharge and k is the number of covari-
ates (independent variables) to be included in the model.?> We
expected to include 9 covariates in the final multivariable model
and estimated that 9% of patients would survive (based on com-
bined survival rates from each agency for similar patient population
over the previous 2 years) to hospital discharge, resulting in an
estimated sample size of 1000 patients.

3. Results

Fig. 1 displays a CONSORT diagram of all cases included in the
study. Of 1800 treated resuscitations, 1137 (63%) were included
in the final analyses. Of those, 266 (23%) had a presenting rhythm
of ventricular fibrillation or ventricular tachycardia (VF/VT), with
227 (20%) presenting in pulseless electrical activity (PEA) with the
majority presenting in asystole. Of the 663 (37%) cases excluded
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Table 1

Univariable associations between baseline characteristics, CPR quality metrics and CCRV for survivors and non-survivors.
Variable Survivor group (n=96) Non-survivor group (n=1041) p value
Mean age (SD)? 59.4(13.7) 71.2(15.1) <0.001
Male (%)? 78 (81.2%) 646 (62.1%) <0.001
Bystander witnessed (%)? 70 (72.9%) 419 (40.3%) <0.001
Bystander CPR (%)? 51(53.1%) 373(35.8%) 0.001
Mean response time (SD)? 5.5(2.0) 6.0(2.2) 0.02
Public location (%) 36 (37.5%) 133(12.8%) <0.001
Initial rhythm?®
VF/VT (%) 79 (82.3%) 187 (18.0%)
PEA (%) 12 (12.5%) 215(20.6%) <0.001
Asystole (%) 5(5.2%) 639 (61.4%)
Median (IQR) compression fraction 0.85(0.78,0.92) 0.85(0.77,0.93) 0.89
Median (IQR) compression rate 108 (101, 115.5) 105 (101, 115) 0.21
Median (IQR) compression depth (mm)? 51.8 (47.5,57.8) 49.8 (42.3,56.2) 0.01
Median (IQR) pre-shock pause (s) n=71;13.0 (8.0, 19.0) n=305;12.0(7.3,18.0) 0.67
Median (IQR) post-shock pause (s) n=81;4.0(3.0,4.5) n=314; 3.7 (3.0, 5.0) 0.89
Median (IQR) CCRV (mm/s)? 334.5(300.0, 383.2) 304.0 (262.6,354.1) <0.001

SD, standard deviation; CPR, cardiopulmonary resuscitation, VF/VT, ventricular fibrillation/ventricular tachycardia, PEA, pulseless electrical activity; IQR, interquartile range;

CCRV, chest compression release velocity.
2 Considered in the multivariable model.

Treated Non-traumatic
Cardiac Arrest

N = 1800

General Study Exclusions: n = 527

Age <18yrs n=41

EMS Witnessed n=222
Etiology — Obvious Cause n=91

AED Defibrillation prior to EMS arrival n=32
DNR or obvious death n =36

n=95
n=10

<100 compressions/case
Missing outcome or Utstein variable data

Missing CPR Data: n = 136

Missing CPR start and pads ontime ~ n =56
No CPR data for the first 5 minutes n = 80

Included Cases

n=1137
I
[ [ 1
VE/NT PEA Asystole
n =266 n=227 n =644

Fig. 1. Consort diagram of included cases.

from the study, 136 (21% of exclusions, 10.7% of study cohort) were
excluded due to missing or insufficient CPR process data.

Univariable associations between baseline characteristics, CPR
quality metrics and CCRV of survivors and non-survivors are noted
inTable 1. As expected, OHCA survivors were more likely to demon-
strate favorable Utstein characteristics than non-survivors. In terms
of CPR metrics, chest compression depth and CCRV were found to be
significantly associated with survival to hospital discharge. Shock
pause durations are only assessed for cases in which shocks were
actually delivered and are independent of presenting rhythm.

In Table 2 we assessed for selection bias by comparing base-
line characteristics for those included in the study with 136
cases excluded due to missing CPR process data. Only presenting
rhythm was significantly different between the two groups with
the excluded group having a higher rate of asystole as a presenting
rhythm. Surprisingly, survival was similar between the two groups
despite the differences in presenting rhythm.

Table 3 shows the univariable association between categorical
median CCRV (per 100 mmy/s) and survival to hospital discharge
employing CCRV of <300 mm/s (given the median CCRV in survivors
and non survivors noted in Table 1) as our reference range. Signifi-
cant improvements in survival to hospital discharge are noted with
increasing median CCRV. Specifically cases with a median CCRV

of 301-400 mm/s (OR=2.62; 95% CI: 1.59, 4.32) and median CCRV
of >400 mm/s (OR=3.28; 95% CI: 1.72, 6.25) were associated with
greater survival to hospital discharge when compared to the refer-
ence group.

Results from our multivariable logistic regression model
assessing the association between CCRV and survival to hospital
discharge for all variables in our model are noted in Table 4. Linear
regression analysis was used to determine if there was a correla-
tion between age and CCRV; no multicollinearity was detected so
bothvariables were included in the final model. However, statistical
analyses revealed significant correlation between chest compres-
sion depth and CCRV (variance inflation factor =4.34), so we chose
to exclude depth from the final multivariable regression model.
Patient age, bystander witnessed status, response time and pre-
senting rhythm of VF were found to be significantly associated with
survival. When adjusted for all other variables, CCRV was not found
to be independently associated with survival. Based on our univari-
able findings between CCRV and survival we explored the associa-
tion between categorical CCRV (greater or lesser then 300 mm/s)
in our multivariable regression model and found no association
between CCRV and survival. We explored the inclusion of an inter-
action term (CCRV x depth) as a variable in our regression model
but the interaction term was also not associated with survival
(p=0.85). We performed multiple imputation on the 136 patients
excluded from our study for missing CCRV data. Using imputed data
toinclude all patients, multivariable regression found no significant
association between CCRV and survival to hospital discharge.

Table S1 displays our multivariable logistic regression model
assessing the association between CCRV and survival to hospital
discharge for patients presenting in VF/VT only. Although the vari-
ables of age and response time were associated with improved
survival, CCRV was not found to be associated with improved sur-
vival, consistent with our regression model encompassing the full
patient cohort.

The association between CCRV (per 10 mm/s increase) and clin-
ical outcome measures of ROSC and neurologically intact survival
(MRS < 3) can be viewed in Table 5. No significant association was
noted between CCRV and clinical outcomes.

4. Discussion

This study explored the relationship between CCRV and clin-
ical outcomes in OHCA. In our univariable analysis of CPR quality
metrics, CCRV was found to be significantly associated with survival
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Table 2

Comparison of Utstein variables between those included in study and those excluded for missing CPR process data.

Variable Included (n=1137) Excluded (n=136) p value
Survival to discharge 96(8.4%) 13(9.6%) 0.66
Mean age (SD) 70.2 (15.3) 68.1(14.4) 0.12
Male (%) 724(63.7%) 93(68.4%) 0.28
Bystander witnessed (%) 489 (43.0%) 64(47.1%) 0.36
Bystander CPR (%) 424(37.3%) 59(43.4%) 0.17
Mean response time (SD) 6.0 (2.2) 6.1(2.1) 0.49
Public location (%) 169(14.9%) 27(19.8%) 0.30
Initial rhythm
VF/VT (%) 266(23.4%) 30(22.0%) 0.04
PEA (%) 227(20.0%) 16(11.8%)
Asystole (%) 644 (56.6%) 90(66.2%)
SD, standard deviation; CPR, cardiopulmonary resuscitation; VF/VT, ventricular fibrillation/ventricular tachycardia; PEA, pulseless electrical activity.
Table 3
Univariable association between categorical median chest compression release velocity compared between survivors and non-survivors.
Variable Survivors (n=96) Non-survivors (n=1041) Total OR (95% CI)
CCRV <300 mm/s 24 (25%) 499 (48%) 523 (46%) Reference
CCRV 301-400 mm/s 54 (56%) 428 (41%) 482 (42%) 2.62(1.59,4.32)
CCRV >400 mm/s 18 (19%) 114 (11%) 132 (12%) 3.28(1.72,6.25)

CCRV, chest compression release velocity; OR, odds ratio; CI, confidence interval.

Table 4

Results from the multivariable logistic regression model (including multiple imputation cohort) for survival to hospital discharge.
Variable Original cohort MI cohort

OR 95% CI p value OR 95% CI p value

Age 0.96 (0.95, 0.98) <0.001 0.96 (0.95, 0.98) <0.001
Gender - male 1.16 (0.62, 2.15) 0.65 1.04 (0.78,1.38) 0.80
Bystander witnessed 1.93 (1.12,3.33) 0.02 1.51 (1.17,1.94) 0.002
Bystander CPR 1.02 (0.61,1.71) 0.93 1.03 (0.81,1.30) 0.83
Response time 0.86 (0.74, 0.99) 0.03 0.85 (0.74,0.98) 0.02
Public location 1.29 (0.73,2.26) 0.38 1.20 (0.93,1.55) 0.16
Initial rhythm of VF/VT 13.22 (7.22,24.20) <0.001 3.21 (2.46,4.18) <0.001
CCRV (mm/s) 1.00 (0.99,1.01) 037 1.00 (1.00, 1.01) 033

OR, odds ratio; CI, confidence interval; CPR, cardiopulmonary resuscitation; VF/VT, ventricular fibrillation/ventricular tachycardia; CCRV, chest compression release velocity;
MI, multiple imputation. The Hosmer-Lemeshow chi-square test for the final model yields a p-value of 0.34 (x2 =9.03, degrees of freedom = 7), thus suggesting a model with

good predictive value.

Table 5

Association between chest compression release velocity (per 10 mmy/s increase) and
clinical outcome measures of return of spontaneous circulation and neurologically
intact survival (MRS < 3).

Outcome measure Adjusted OR (95% CI) for
each 10 mm/s increase in

CCRV

1.01(0.99, 1.03)
1.02 (0.98, 1.06)

Return of spontaneous circulation
Neurologically intact survival (MRS < 3)

OR, odds ratio; CI, confidence interval; CCRV, chest compression release velocity;
MRS, Modified Rankin Score.

to hospital discharge. As well, our analysis assessing the associ-
ation between categorical CCRV and survival showed significant
improvements in survival for CCRV >300 mm/s. However, when
Utstein variables and CPR quality metrics were adjusted for in our
multivariable model, no independent significant association was
found between CCRV and survival to hospital discharge from OHCA.
A secondary analysis exploring the association between CCRV and
survival to hospital discharge in the subgroup of patients pre-
senting in VF/VT was also unable to demonstrate any significant
relationship between CCRV and improved outcomes. Exploring our
regression model findings more closely, suggests that in our data
set a presenting rhythm of VF/VT was overwhelmingly associated
with improved survival. Only in a post hoc exploratory analysis,
removing presenting rhythm from the regression model did we

note a significant finding (OR=1.03; 95% CI: 1.00, 1.07) suggest-
ing an association between improved survival and CCRV. As noted
in Table 1, EMS providers delivered high quality CPR with median
CPR fractions of >80% in both survivors and non-survivors. Median
CPR rate, depth and shock pause durations were also consistent
with established benchmarks'! with minimal variability between
survivors and non-survivors. Given the lack of variability between
survivors and non-survivors with respect to CPR quality metrics,
the co-linearity of compression depth and CCRV and the overall
high CPR quality in the study cohort, it is possible that improve-
ments in CCRV may not have had the expected impact on clinical
outcomes.

Our findings would seem to contrast with the hope of improved
outcomes through improved CCRV noted in both animal and pre-
liminary human studies. In a swine model of cardiac arrest, Lampe
et al., were able to demonstrate improvements in hemodynamic
power (power =flow x pressure) during cardiac arrest through
variations in CCRV with the greatest improvement found at higher
CCRV.'> Although hemodynamic power was found to be increased
in the inferior vena cava, coronary perfusion pressure was not sig-
nificantly improved, making the conclusion of questionable clinical
significance. Similar findings related to flow in the inferior vena
cava with improved CCRV, but not forward flow, were noted in
subsequent swine models of cardiac arrest.!6

Preliminary findings from an observational human study by
Bobrow et al., have reported a significant relationship between
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CCRV and survival to hospital discharge from OHCA.!” Among
730 adult OHCA patients with CPR quality data, survival was
greatest with CCRV>400mm/s (23%) compared to patients with
CCRV 300-400 mm/s (12%) and those with CCRV <300 mm/s (6%).
Adjusted OR for survival were greatest for CCRV >400mmy/s
(OR=3.86; 95% CI: 1.54, 9.66) and CCRV 300-400 mm/s (OR=3.31;
95% CI: 1.50, 7.29) when compared to a reference group of
CCRV <300 mm/s, which is consistent with our study findings.
CCRV (per 10 mm/s) was noted to be an independent predictor of
survival (p<0.05) with a 5% increase in odds of survival for each
10mmy/s increase in CCRV (OR=1.05; 95% CI: 1.00, 1.10). Further
data from this study (variables included in regression model, CPR
quality and system characteristics) may help us better understand
the association between CCRV and survival in other EMS systems.

Real-time CPR feedback to providers during cardiac arrest resus-
citation appears to show promise in improving the performance of
CPR. Hostler et al., were able to demonstrate improvements in CPR
quality metrics, but not clinical outcomes, in a randomized con-
trolled trial exploring the impact of CPR feedback during OHCA.'8
Bobrow et al., reported an increase in both CPR quality metrics and
survival to hospital discharge through implementation of CPR feed-
back in a “before” and “after” observational study.'® The authors
reported that compression rate, compression depth, CPR fraction,
shock pause duration and CCRV were all improved by CPR feed-
back. Specifically, mean CCRV improved by 29.7 mm/s through the
use of CPR feedback. Similar findings related to CCRV were noted
by Barash et al., in a mannequin model assessing the impact of
CPR feedback on CCRV.?° Future research should attempt to eluci-
date whether improvements in real-time CPR feedback technology
results in further improvements in CCRV during resuscitation.

Alternatives to conventional manual CPR have been developed
in an effort to minimize compression inconsistencies and inter-
ruptions and enhance perfusion during resuscitation from cardiac
arrest. If mechanical chest compression devices have the poten-
tial to pre-program CCRV, venous return and cardiac output may
be improved. Wik et al., were able to demonstrate equivalent sur-
vival to hospital discharge for patients treated with mechanical CPR
(automatic load-distributing band) when compared to high quality
manual CPR in a randomized control trial of CPR quality in OHCA.2!
Rubertsson et al., reported similar findings using a suctional cup
mechanical CPR device, although CPR quality metrics were only
measured in 10% of cases.?? CCRV was not measured in any of these
cases. Given the quality of mechanical CPR in these studies, extrap-
olation to improving CCRV via mechanical CPR seems plausible.
Further study is warranted to determine the impact of mechanical
CPR devices on CCRV.

Our study has several limitations. Our study took place in regions
with heavily monitored EMS systems with rapid response times
and overall high CPR quality. Survival from OHCA is impacted by
system characteristics (bystander CPR, bystander witnessed status,
public location of arrest, EMS response time, patient age and gen-
der), CPR quality metrics (CCF, chest compression rate, compression
depth and shock-pause duration) and differences in presenting
rhythms. The applicability of our findings to other EMS systems
without similar system response optimization and CPR quality
characteristics is uncertain. The measurement of CCRV by the
accelerometer may be impacted by the release of other compress-
ible surfaces (bed/EMS stretcher) beneath the patient. Although we
believe the vast majority of the CPR provided by our EMS agencies
occurred on a firm surface (backboard) minimizing the poten-
tial impact on our CCRV data, we were unable to determine how
often this happened. CPR process data was missing for 136 (10.7%),
cases which were excluded from the main analyses. Given that the
baseline characteristics (including overall survival) between the
included and excluded cases were similar, we believe our study
findings were not impacted by missing CCRV data. Additionally,

our regression model with imputed CCRV data for 136 cases did not
differ from our regression model without imputed data, confirming
the veracity of our study findings. Our data is abstracted from an
observational registry and as such causality cannot be inferred from
our study’s findings.

5. Conclusion

When adjusted for Utstein variables and CPR quality metrics,
CCRV was not significantly associated with outcomes from OHCA.
Further research in other EMS systems is required to clarify the
potential impact of this variable on OHCA survival.
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