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Bystander fatigue and CPR quality by older
bystanders: a randomized crossover trial comparing
continuous chest compressions and 30:2
compressions to ventilations

Shawn Liu, BSc*; Christian Vaillancourt, MD, MSc*'; Ann Kasaboski, BSc*; Monica Taljaard, PhD**

ABSTRACT

Objectives: This study sought to measure bystander fatigue
and cardiopulmonary resuscitation (CPR) quality after five
minutes of CPR using the continuous chest compression
(CCC) versus the 30:2 chest compression to ventilation
method in older lay persons, a population most likely to
perform CPR on cardiac arrest victims.

Methods: This randomized crossover trial took place at three
tertiary care hospitals and a seniors’ center. Participants were
aged >b5 years without significant physical limitations
(frailty score <3/7). They completed two 5-minute CPR sessions
(using 30:2 and CCC) on manikins; sessions were separated
by a rest period. We used concealed block randomization to
determine CPR method order. Metronome feedback main-
tained a compression rate of 100/minute. We measured
heart rate (HR), mean arterial pressure (MAP), and Borg
Exertion Scale. CPR quality measures included total number
of compressions and number of adequate compressions
(depth >5cm).

Results: Sixty-three participants were enrolled: mean age
70.8 years, female 66.7%, past CPR training 60.3%. Bystander
fatigue was similar between CPR methods: mean difference in
HR -0.59 (95% Cl -3.51-2.33), MAP 1.64 (95% Cl -0.23-3.50),
and Borg 0.46 (95% Cl 0.07-0.84). Compared to 30:2,
participants using CCC performed more chest compressions
(480.0 v. 376.3, mean difference 107.7; p<0.0001) and more
adequate chest compressions (381.56 v. 324.9, mean
difference. 62.0; p = 0.0001), although good compressions/
minute declined significantly faster with the CCC method
(p = 0.0002).

Conclusions: CPR quality decreased significantly faster when
performing CCC compared to 30:2. However, performing CCC
produced more adequate compressions overall with a similar
level of fatigue compared to the 30:2 method.

RESUME

Objectifs: L'étude visait a mesurer la fatigue des passants et
la qualité de la réanimation cardiorespiratoire (RCR) ressentie
aprés 5 minutes de manceuvres effectuées selon la méthode
des compressions thoraciques continues (CTC) ou celle de
I'alternance des compressions et des insufflations dans un
ratio de 30/2 chez des personnes agées profanes en la
matiére, segment de la population le plus susceptible
d’effectuer des manceuvres de RCR sur des personnes ayant
subi un arrét cardiaque.

Meéthode: Il s’agit d'un essai croisé, a répartition aléatoire, qui
a été mené dans trois hdpitaux de soins tertiaires et dans
un centre pour personnes agées. Les participants étaient des
personnes de 55 ans et plus, sans limites physiques
importantes (score de fragilité <3/7). Les sujets ont effectué
des manceuvres de RCR sur des mannequins durant deux
séances de 5 minutes chacune (selon la méthode 30/2 ou des
CTC), séparées par une période de repos. L'ordre des
méthodes de RCR a été déterminé au hasard et a l'insu
des chercheurs. L'utilisation d’un métronome a permis de
maintenir une cadence de 100 compressions/minute. Ont
été mesurés la fréquence cardiaque (FC), la pression artérielle
moyenne (PAM) et le score de perception de I'effort selon
I’échelle de Borg. Les mesures de la qualité des manceuvres
de RCR comprenaient le nombre total de compressions et le
nombre de bonnes compressions (profondeur >5cm).
Résultats: Soixante-trois personnes ont participé a I'étude :
I'age moyen était de 70,8 ans, il y avait 66,7 % de femmes
et 60,3 % des participants avaient déja suivi une formation en
RCR. Le degré de fatigue causée par l'une ou l'autre des
méthodes de RCR et ressentie par les passants était
sensiblement le méme; ainsi I'écart moyen de la FC était
de -0,59 (IC a 95 % : -3,51 a 2,33); celui de la PAM, de 1,64
(ICa95 % : -0,23 a 3,50); et celui du score de Borg, de 0,46
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(IC a 95 % : 0,07 a 0,84). La méthode des CTC a permis
d’effectuer plus de compressions thoraciques (480,0 contre
[c.] 376,3; écart moyen 107,7; p<0,0001) et plus de
bonnes compressions thoraciques (381,5 c. 324,9; écart
moyen : 62,0; p=0,0001) que la méthode 30/2, mais le
nombre de bonnes compressions par minute a diminué
beaucoup plus rapidement avec la méthode des CTC
(p = 0,0002).

Conclusions: La qualité de la RCR a diminué beaucoup plus
rapidement avec la méthode des CTC qu’avec la méthode
30/2. Toutefois, la méthode des CTC a permis, dans
I'ensemble, d’effectuer plus de bonnes compressions que la
méthode 30/2, et ce, pour un degré comparable de fatigue.

Keywords: cardiopulmonary resuscitation, fatigue, cross-over
studies

INTRODUCTION
Background

Eighty-five percent of sudden cardiac arrests happen at
home,! where most victims are aged in their sixties, and
where the most likely bystander to witness the event is a
similarly aged spouse.” A victim is three to four times
more likely to survive if they receive bystander cardio-
pulmonary resuscitation (CPR) before emergency
medical services arrive.” CPR is one of only a few
modifiable factors associated with increased survival for
out-of-hospital cardiac arrest (OHCA),* and good
quality CPR has been the focus of recent resuscitation
guidelines.’

Importance

In 2010, the International Liaison Committee on
Resuscitation changed their treatment recommendation
from using a 30:2 compression to ventilation ratio to
using a continuous chest compressions strategy. This
was meant to minimize chest compression interrup-
tions, increase the number of compressions delivered,
and increase bystander CPR rates by addressing tech-
nical difficulty and bystander reluctance associated with
rescue breathing.®® However, the ability of bystanders
aged 55 years or older (the population most likely to
witness OHCA) to sustain the increased effort neces-
sary to provide continuous chest compressions and the
resulting consequences on the quality of CPR provided
requires further evaluation.

Goals of this investigation

Our study sought to measure bystander fatigue and
CPR quality after five minutes of CPR performed using
the 2010 continuous chest compression (CCC) treat-
ment recommendation compared to five minutes of
CPR performed using the 2005 standard of 30
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compressions to two ventilations (30:2) in a population
aged 55 years or older.

METHODS
Study design

We used a randomized crossover trial design comparing
bystander fatigue and CPR quality when performing
CCC versus a 30:2 compression to ventilation ratio
method of CPR. This study protocol was registered
with the U.S. National Institutes of Health www.
Clinical Trials.gov NCT [NCT01397656].

Setting

We set up study booths in four busy public areas
located in Ottawa, Canada. Three of these booths were
located in three large city hospitals; the other was set up
within a suburban community seniors’ center.

Selection of participants

Participants were eligible for inclusion in the study if
they were aged 55 years or older, whether they had
previous CPR training or not. They also had to score
three or better on the validated Clinical Frailty Scale
(three being: “With well-controlled treated comorbid
disease.”),” be able to follow instructions in English or
French, and be able to understand and provide informed
consent. Potential participants could not take part in the
study if they met any of the following exclusion condi-
tions: 1) any musculoskeletal conditions precluding their
ability to kneel down and perform CPR; 2) any cardio-
vascular conditions precluding their ability to perform a
moderate effort; 3) presence of an active communicable
disease; or 4) inability to perform chest compressions at
appropriate rate and depth despite positive feedback
during a 1-2 minute practice session.
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"This study was approved by the Ottawa Health Sci-
ence Network Research Ethics Board and participants
were asked to provide written informed consent. We
offered free refreshments during study participation,
and the possibility to enter a drawing for one of two
bookstore gift certificates.

Study intervention and methods of measurement

After a brief CPR demonstration, each participant was
given one to two minutes to become familiar with the
Actar Manikin (Armstrong Medical, Lincolnshire, IL)
and practice CPR under supervision. Study investiga-
tors provided participants with verbal feedback on their
CPR technique during the practice session, but not
during the study intervention. A metronome was set at
100 beats per minute to encourage the same chest
compression rate for all participants during the practice
session and the study intervention.

We asked participants to perform two 5-minute
sessions of CPR on a manikin attached to a Zoll
R-Series Monitor (Chelmsford, MA) that recorded the
CPR quality process data without providing automated
CPR quality feedback to the participants. The 5-minute
length of CPR was chosen to simulate the expected
elapsed time between a 9-1-1 call and the arrival of
an ambulance during a real cardiac arrest situation.'
Participants started with either the CCC method or the
30:2 compression to ventilation ratio as determined by
the random allocation. They had as much time as they
required to recover to their baseline fatigue level
between the practice and the start of the study, as well
as between each of the two 5-minute CPR sessions
(measured using the Borg Scale).'” After performing
the two CPR techniques, participants completed a brief
survey. Each participant was expected to complete this
study within approximately 30 minutes.

Participant allocation

We randomly assigned participants to the first CPR
method (CCC or 30:2) using randomly permuted
blocks with length of four. We concealed participant
assignments in sealed opaque envelopes.

Outcome measures

We measured the following baseline characteristics:
age, gender, heart rate, and blood pressure (using Smart
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Logic Life Brand blood pressure monitor Model 5534),
Clinical Frailty Scale (range from 1-7 where a score
of one is associated with the least frailty),” and Borg
Rating of Perceived Exertion scale (range from 6-20
where a score of 6 is associated with the least fatigue).'
We measured baseline heart rate, blood pressure, and
Borg scale measurements before each CPR session.

We measured participant fatigue before and after
each CPR session using changes in heart rate, blood
pressure, and Borg Rating of Perceived Exertion.
Participants also completed a brief survey immediately
after each CPR session, asking them how much longer
(in minutes) they perceived being able to perform CPR
using each method. At the end of the second
CPR session, participants were also asked if they felt
more tired at the beginning of the second 5-minute
CPR session compared to the first S-minute CPR
session, and which CPR method they liked the best.

We assessed CPR quality using the Zoll R-series
Monitors attached to each manikin. Using the Zoll
RescueNet Code Review Software (version 5.2,
Chelmsford, MA), we analyzed the frequency and
number of chest compressions attempted during each
S-minute CPR session, and the number of adequate
chest compressions of at least 5 cm in depth performed
during the same period.

Data analysis

We described and compared baseline characteristics of
participants between the randomized groups using
mean and standard deviation for continuous variables
and frequencies and proportions for categorical vari-
ables. We used descriptive statistics to summarize the
subjective measures of fatigue reported in the brief
survey. We investigated the normality of the distribu-
tions for all outcome measures.

To compare measures of fatigue and CPR quality at
the end of each 5-minute session between the two CPR
techniques, we used intention-to-treat statistical methods
appropriate for the analyses of cross-over trials, taking
into account any possible period and carry-over effect of
fatigue from one CPR session to the next. For outcomes
where the assumption of normality was clearly satisfied,
we used a General Linear Model (GLM) that included
both a period and a carryover effect.'’ The treatment
effect (difference between the two CPR groups) was
estimated from the model, together with 95% confidence
interval (CI). For outcomes that had a skewed
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distribution or for which the assumption of normality
appeared questionable, we additionally conducted a non-
parametric analysis. For the non-parametric analysis, we
used the Wilcoxon two-sample test for both the period
and treatment effects.

To analyze the number of adequately performed
chest compressions per minute, we used a random
coefficient model. The dependent variable in these
analyses was the number of chest compressions per-
formed during each consecutive minute (five minute
duration). The independent variables were time (min-
ute), CPR group, interaction between CPR group and
time, as well as period and carry-over effects. The
intercept and time were specified as random effects to
account for correlations among the repeated measures
on each subject. The model was estimated using the
SAS procedure “Mixed” with Restricted Maximum
Likelihood Estimation and degrees of freedom esti-
mated by the Kenward and Roger method.'" We
obtained the estimated population mean slope for the
two compression groups, as well as the difference
between the slopes, together with 95% confidence
intervals. The slopes represent the average rate of
change in number of adequately performed chest
compressions per minute between the two methods.

The required number of paired data was calculated
using the standard formula for a cross-over design,
namely Ng= [(ZOL+Z[3)2 64]/83; where Ny = required
number of participants, Z, =1.960 (using two-sided
a =0.05), Zg=1.282 (power of 90%), o5 = estimated
variance of the paired difference, and 84 = minimally
important mean difference between experiments.'?
Guided by previous work published by Lucia on the
importance of physical fitness in the performance of
adequate cardiopulmonary resuscitation, we used an
estimated variance of oj=2cm and a minimally
important difference of §3=1cm in compression
depth." Based on these estimates, 60 participants were
required to detect a significant difference in the number
of adequately performed chest compressions. We
completed all statistical analyses using the SAS software
(Cary, NC, USA; version 9.2).

RESULTS
Characteristics of study participants

We assessed 69 volunteers between July and August
2010 for participation in the study, and excluded six
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who did not meet all entry criteria (Figure 1). Of the
63 participants enrolled in the study, four were too tired
to complete the full 5-minutes of CPR using both
methods and one using the CCC method. Baseline
characteristics for our 63 participants (13 recruited at
the seniors’ center, 50 recruited at the three city
hospitals) are presented in Table 1. The average rest
time required by participants between CPR sessions was
8:59 minutes and ranged between six and 16 minutes.

Survey data

When asked after each CPR session, 71% of partici-
pants said they could continue to perform the 30:2
method of CPR for two or more minutes, compared to
only 63% when performing the CCC method of CPR.
When asked immediately following the completion of
the second CPR session, 66% of participants reported
having felt the same level of energy immediately before
each CPR session. In the end, 69% of participants said
they preferred the 30:2 method of CPR over the CCC
method.

volunteers aged 55 or older

Number of screened
n=69

Musculoskeletal condition, n=2
CSHA greater than 3, n=2
Time constraint, n=1

v Cardiovascular condition, n=1

‘ Number of screened

Excluded

volunteers included in study

n=63
Performed Performed
5 min of CPR || 5 min of CPR
30:2 method CCC method
n=33 n=30
Performed Performed
5 min of CPR || 5 min of CPR
30:2 method CCC method
n=30 n=33

Figure 1. Study participants’ CONSORT flow diagram
CSHA, Canadian Study of Health and Aging score; CPR,
cardiopulmonary resuscitation; CCC, continuous chest
compressions
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Table 1. Characteristics of the 63 volunteers at the beginning of the study

All
(n=63)
Mean age (SD) 70.8 (6.4)
Female No. (%) 42 (66.7)
Clinical Frailty Score
1 No. (%) 39 (61.9)
2 No. (%) 18 (28.6)
3 No. (%) 6 (9.5)
CPR training No. (%) 38 (60.3)
CPR experience No. (%) 6 (9.5)

Initial Borg score (SD)
Initial MAP (mmHg) (SD)
Initial Heart Rate (BPM) (SD)

Started with CCC Started with 30:2

(n=30) (n=33)

69.9 (6.3) 71.6 (6.5)
19 (63.3) 23 (69.7)
18 (60.0) 21 (63.6)
8 (26.7) 10 (30.3)

4 (13.3) 2(6.1)
20 (66.7) 18 (64.5)

3(10.0) 3(9.1)

8.0 (2.0) 8.1 (2.0)
85.0 (11.4) 99.9 (16.3)
72.7 (9.5) 72.6 (10.5)

CCC, continuous chest compressions; CPR, cardiopulmonary resuscitation; MAP, mean arterial pressure; SD, standard deviation.

Table 2. Comparison of fatigue measures using the CCC method versus the 30:2 compression to ventilation ratios

CccC 30:2
N = 63 N =62
Mean (SD)
Borg score 11.6 (3.0 11.0 (2.6)
Heart Rate (bpm) 82.4 (15.1) 82.8 (16.1)
MAP (mmHg) 110.3 (11.5) 109.8 (10.7)

accounting for period and carry-over effects

Estimated mean difference

Treatment effect

(95% CI) p-value

0.46 0.07 to 0.84 0.0206
-0.59 -3.561 10 2.33 0.6879
1.64 -0.23 to 3.50 0.0845

CCC, continuous chest compressions; Cl, confidence interval; SD, standard deviation; BPM, beats per minute;

MAP, mean arterial pressure

Main results

Measures of fatigue at the end of each session are
presented in Table 2. The results from the GLM ana-
lysis of bystander heart rate, accounting for the period
and fatigue carry-over effects, showed no statistically
significant carry-over (p = 0.9268) and no significant
difference between the CPR groups (CCC v. 30:2 mean
difference: —0.59, 95% CI -3.51-2.33, p = 0.6879).
However, the analysis of MAP revealed a significant
carry-over (p = 0.0111) and a mean difference of 1.64
(95% CI —0.23-3.50, p = 0.0845). The GLM analysis
of the BORG scores also revealed a significant carry-
over effect (p = 0.0317) and a mean difference of
0.46 (95% CI 0.0-70.84, p = 0.0206). To investigate the
carry-over effect for MAP and BORG scores, we
calculated the mean difference (CCC minus 30:2)
when the CCC method was used in the first period
(4.1 for MAP, and 0.03 for BORG scores) versus when
it was used in the second period (0.8 for MAP, and
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0.88 for BORG scores). When we discarded the second
period data (as it was possibly contaminated due to
carry-over), we found no significant difference between
the CPR groups (mean difference for MAP =0.16,
95% CI =5.3-5.6, p = 0.9526, and mean difference =
0.97, 95% CI -0.48-24, p=0.1859 for BORG
scores).

Measures of CPR quality are presented in Table 3.
Participants were able to maintain the recommended
frequency of 100 chest compressions per minute during
each CPR session. However, when they used the CCC
method, participants performed more chest compres-
sions (480 v. 376). The results from the GLM analysis
of number of chest compressions accounting for the
period and fatigue carry-over effects showed no carry-
over effect (p = 0.0720) and a mean difference between
the CPR groups of 108 (95% CI 89-127, p <0.0001).
Since there was some evidence of skewness, we also
conducted a non-parametric analysis. In this analysis,
the p-value for the period effect was 0.1792 and the
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Table 3. Comparison of CPR quality measures using the CCC method v. the 30:2 compression to ventilation ratios.

CCC 30:2 Estimated mean difference
N =63 N = 62 accounting for period and carry-over effects Treatment effect
Mean (SD) (95% ClI) p-value
Count of cc/5min 480.0 (89.3) 376.3 (54.0) 107.7 (88.9 to 126.5) <0.0001
Count of adequate cc/5min 381.5 (68.5) 324.9 (120.0) 62.0 (32.7 t0 91.3) 0.0001
Compression rate/min 99.7 (6.2) 101.8 (5.1) 3.8*% (1.8 t0 5.8) 0.0002
CCC = continuous chest compressions; SD = standard deviation; C| = confidence interval; cc = chest compressions

*difference in slopes (rate of change per minute)

100 -
95 +
90 +

85 1 \

80 - "

- \0/.\‘

Correct Chest Compressions

70

65 - .\./'\I—I

60 - —— CCC

55 - —=— 30:2

50 T T T T |

Minute of CPR

Figure 2. Count of adequate chest compressions per
minute for each method (with minimum depth of 5cm).
Slope CCC = -4.1, Slope 30:2 = -0.3

Difference between slopes = 3.8, p =0.0002

CCC, Continuous Chest Compressions

difference between CCC and 30:2 was statistically
significant (p < 0.0001).

When participants used the CCC method, they
performed more chest compressions of adequate depth
(382 v. 325). The results from the GLM analysis
showed no significant carry-over (p = 0.9799) and
a statistically significant treatment difference of
62 (95% CI 33-91, p = 0.0001). In the non-parametric
analyses, the p-value for the period effect was 0.8004
and the treatment effect was statistically significant
(p = 0.0002).

The number of adequately performed chest
compressions during each minute is presented in
Figure 2. The number of adequately performed chest
compressions decreased significantly over time for the
CCC method, but not for the 30:2 method. Slope
estimates for the CCC method and the 30:2 method
were —4.08 (95% CI -5.78 to —2.38; p<0.0001)
and —0.27 (95%CI —1.96 to 1.42; p = 0.75) respec-

tively. In other words, the rate of decline was an average
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of 4.1 compressions per minute in the CCC method
compared to 0.27 when using the 30:2 method.
The rate of decline for the CCC method was
significantly greater compared to the 30:2 method
(difference in slopes 3.81; p = 0.0002), both statistically
and clinically. The carry-over effect was not significant
(p = 0.3637).

DISCUSSION

We performed a randomized cross-over trial comparing
bystander fatigue and CPR quality after five minutes of
CPR using the CCC versus the 30:2 method in a
population most likely to witness a cardiac arrest, those
aged 55 years and older. There were no differences
attributable to group assignment. There were no
differences in physiological measures of fatigue between
methods. However, participants preferred the 30:2
method. Over a 5-minute span, the CCC method
resulted in more compressions completed compared to
the 30:2 method. Despite a faster decline in CPR
quality in the CCC group, the number of adequate
compressions per minute still remained higher in this
group compared to the 30:2 method. The CCC method
appeared potentially superior in our population age
group when CPR is performed for a limited number of
minutes before EMS arrival.

There have been a few studies comparing the 2010
standard to the 2005 standard of CPR. Nishiyama et al.
performed a randomized control trial comparing CCC
to 30:2 CPR in two separate groups of non-health care
workers aged 18 and older."* They computed a CPR
quality index consisting of the proportion of chest
compressions with adequate depth among total chest
compressions given, comparing the two groups every
20 seconds over a 2-minute time period. They found
the CPR index was significantly lower when the CCC

CJEM - JCMU


https://doi.org/10.1017/cem.2016.373

CPR quality and older bystander fatigue when using CCC versus 30:2 compressions

method was used compared to the 30:2 method.
In contrast to our study, they compared their CPR
index score looking at the proportion of adequate to
non-adequate depth of compressions, not the total
compressions of adequate depth. Inherently, the 30:2
CPR technique introduces pauses for ventilation during
which no compressions are being provided. We wanted
to compare the total number of adequate chest com-
pressions being provided to cardiac arrest victims in
addition to their proportional quality.

Neset et al. performed a randomized control study
comparing CCC to 30:2 CPR with participants aged
50 years and older." In their study, they found that all
participants from both CPR groups could perform
10 minutes of CPR. Average compression depth was
similar using both methods. They did not, however,
look at compressions of adequate depth. Heart rate
measurements were similar for both groups, as was
subjective physical strain following CPR performance.
This is not surprising as participants tend to exert
themselves equally regardless of CPR method.'®!
Odegaard et al. compared CCC to 30:2 and 15:2 CPR
with volunteers between the ages of 15 and 87.'® They
also found that CCC resulted in more compressions per
minute than 30:2, but the quality of compressions in the
CCC group was significantly less compared to those
using the 30:2 method. This is inconsistent with our
findings. However, they only looked at average com-
pression depth, not the number of compressions of
adequate depth. Their findings showed that compres-
sion depth for CCC decreased over time whereas the
compression depth for 30:2 remained stable, which is
also consistent with our findings.

Unlike our previous study comparing 15:2 to 30:2
compressions to ventilations, where doing more chest
compressions was associated with increased reports of
fatigue,'® reported fatigue was equal in both groups
following CCC versus 30:2 compressions to ventilations
in the current study. Pierce et al. suggest that physio-
logical changes may underestimate the actual or per-
ceived demands of performing CPR, which could
explain the lack of measured fatigue by participants.'”
Therefore, although participants may not have been
reporting feeling more tired following one method of
CPR versus the other, they may have been under-
estimating how fatigued they really were. In our study,
we also controlled the rate of compressions by having
participants follow a metronome timed at 100 beats
per minute. Monsieurs et al. observed excessive
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compression rate using the CCC method results in
insufficient compression depth.'” Had we not
controlled compression rate, participants may have
been more fatigued following the CCC method, and
produced even fewer good quality compressions.

Of course, all these studies compare the advantages of
one CPR method over another using manikins and
simulated cardiac arrest situations. Nichol et al. recently
published a very large cluster-randomized cross-over
trial comparing 30:2 CPR to CCC in 26,148 OHCA
victims and found no advantage favoring one method or
the other regarding survival to hospital discharge or
favorable neurologic function.*

LIMITATIONS

This study has its limitations. First, although the
majority of participants said they subjectively felt as
rested as they were at baseline prior to starting their
second session of CPR, objective measures of fatigue
were higher than baseline in 33.1% of participants.
Second, the software we used to measure compression
characteristics did not measure if each compression was
fully decompressed or not. However, in our previous
study, we noted that compressions were increasingly
less likely to be fully decompressed with each sub-
sequent minute of CPR."® Third, our study participants
were required to be healthy or have well-controlled
comorbid diseases. This may not be representative of a
similarly-aged population witnessing cardiac arrest at
home. Finally, we used manikins to simulate a cardiac
arrest victim. Although this may not entirely reproduce
the stress or physical sensation associated with providing
CPR to a loved one, we intentionally conducted our
study in a public place to reproduce some of this anxiety.

CONCLUSION

In a population of bystanders aged 55 years or older
most likely to perform CPR on a cardiac arrest victim,
CPR quality decreased significantly faster when
performing CCC compared to 30:2. However, per-
forming CCC produced more adequate compressions
over a 5-minute period than the 30:2 method, despite
similar levels of fatigue.
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