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BACKGROUND: Survival from cardiac arrest is sensitive to the quality of delivered CPR. In
2010, updated international resuscitation guidelines emphasized deeper chest compressions and
faster rates, yet it is unknown whether training laypersons using updated guidelines resulted in
changed CPR performance. We hypothesized that laypersons taught CPR using the 2010 guidelines
performed deeper and faster compressions than those taught using the 2005 materials.

METHODS: This work represents a secondary analysis of a study conducted at eight hospitals
where family members of hospitalized cardiac patients were trained in CPR. An initial cohort was
trained using the 2005 guidelines, and a subsequent cohort was trained using the 2010 guideline
materials. Post training, CPR skills were quantified using a recording manikin.

RESULTS: Between May 2009 to August 2013, 338 subjects completed the assessment.
Among the subjects, 176 received 2005 training and 162 underwent 2010 training. The mean
compression rate in the 2005 cohort was 87 (95%C/ 83-90) per minute, and in the 2010 cohort was
86 (95%C/ 83—90) per minute (P=ns), while the mean compression depth was 34 (95%C/ 32—35) mm
in the 2005 cohort and 46 (95%C/ 44—47) mm in the 2010 cohort (P<0.01).

CONCLUSIONS: Training with the 2010 CPR guidelines resulted in a statistically significant
increase in trainees' compression depth but there was no change in compression rate. Nevertheless,
the majority of CPR performed by trainees in both cohorts was below the guideline recommendation,
highlighting an important gap between training goals and trainee performance.
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INTRODUCTION survival from cardiac arrest." ! Additionally, a recent

Performance of high quality cardiopulmonary
resuscitation (CPR) by members of the lay public
before arrival of emergency medical services is a key
factor in improving cardiac arrest survival. A number
of observational clinical studies have demonstrated
a positive correlation between CPR quality and
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meta-analysis of CPR performance investigations
demonstrated that deeper chest compressions and rates
closer to 85 to 100 compressions per minute were
associated with improved survival from cardiac arrest.”
Taking into account the body of evidence supporting
the importance of high quality CPR, the International
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Liaison Committee on Resuscitation (ILCOR)
updated CPR guidelines recommendations in 2010.
These updated guidelines recommended deeper chest
compressions (>50 mm) and a faster compression rate
(>100 per min).”” Observational studies subsequent to
these changes have demonstrated that incorporation
of the updated guidelines is associated with improved
cardiac arrest outcomes,®” while other investigations have
suggested that implementation of new CPR guidelines do
not result in improved outcomes.™'*""! In addition to these
conflicting findings among professional providers, little
evidence exists to address whether lay bystanders trained
in CPR following the 2010 CPR guidelines actually
perform deeper or faster compressions.

As a secondary analysis of a prospective multicenter
trial of CPR educational strategies, using an existing
hospital-based family member CPR training program,
conducted in collaboration with nursing personnel, we
assessed the skills of subjects who learned CPR under
the two most recent guidelines."">") We hypothesized that
subjects taught CPR using the 2010 ILCOR guidelines
would perform deeper and faster chest compressions than
those taught with the 2005 guidelines.

METHODS
Study population and setting
Our multicenter cohort study was approved by the

Institutional Review Boards with jurisdiction over the
study sites (University of Pennsylvania, Crozer-Keystone
Health System, Albert Einstein Healthcare Network,
Temple University, and the Chester County Hospital
and Health System). Enrollment was conducted using
a standard written informed consent process at eight
hospitals affiliated to these health systems. Adult family
members or friends of hospitalized patients on cardiology
service lines, telemetry wards, step down units, and
observation units were eligible for participation, with
active enrollment conducted between May 2009 and
August 2013.

CPR instruction was offered by nurses and pre-
medical students to family members of hospitalized
patients at each study site. Subjects were considered
potential candidates for enrollment if they met the
following criteria: 1) the family member or friend to be
enrolled was physically present with the patient on the
floor or unit; 2) the patient had an admission diagnosis
related to coronary disease or significant cardiovascular
risk factors; 3) the patient was in a stable condition; 4)
the family member was over 18 years of age; and 5) the

family member felt fit and able to perform moderate
physical activity at the time of enrollment. Interested
subjects who satisfied the inclusion criteria were enrolled
using a standard written consent form, and completed a
pre-training demographics survey.

Each subject viewed the VSI training and received
either the 2005 or 2010 CPR guidelines training kit
materials, depending on the time of enrollment in the
study. Upon completion of the training, the subjects
completed a post-training survey assessing their self-
efficacy using their newly acquired CPR skills and
perspectives on the training experience. Data from these
surveys have been reported elsewhere.!"”!

CPR training approach

We used a commercially available CPR video self-
instruction (VSI) program (Family and Friends CPR
Anytime, American Heart Association, Dallas, TX and
Laerdal Medical Corporation, Stavanger, Norway),
which has been validated in previous investigations."* "
This educational tool is packaged in a self-contained
kit that includes an inflatable head/torso manikin and
instructional DVD. The 2005 guidelines version of the
DVD teaches compression depth performance at 38—50
mm and a rate of 100 compressions per minute. The
inflatable head/torso manikin was engineered to give
audio feedback (chest wall "click") when an individual
compressed at least 38 mm. The updated 2010 version
of the instructional DVD teaches CPR performance with
a depth of >50 mm at a rate of >100 compressions per
minute. In this iteration, the manikin was engineered to
click at 50 mm of compression depth. For simplicity of
study design and analysis, all subjects were instructed in
compression-only CPR (without ventilations). Manikins
with the audio feedback were only used for the training
phase and not subsequent testing.

Study design

This study was structured as a retrospective analysis
evaluating the impact of guideline changes on CPR
training and skill retention using data collected from two
multi-center prospective hospital-based CPR training
dissemination trials. Subjects enrolled from May 2009
to May 2010 were taught CPR using the 2005 guidelines
training materials, whereas those enrolled from February
2012 to August 2013 were trained using the 2010
guidelines curriculum.

Post-training CPR quality evaluation
The post-training CPR quality evaluation protocols
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varied between cohorts due to a change in the study
design outcome measure. Specifically, the second
protocol was part of a large implementation project
where immediate testing was not feasible. Since our
hypothesis was that the change in guidelines improved
CPR quality, immediate testing following training should
yield better CPR quality than testing at six months as
seen in the literature."" Subjects taught with the 2005
guidelines were asked by investigative staff to complete
a two-minute skills assessment immediately following
the in-hospital training and completion of the post-survey
questionnaire. Subjects taught with the 2010 guidelines
were contacted at six months post-initial enrollment
and asked to complete a brief in-person interview. Once
they completed the interview, the subject was asked to
perform a two-minute skills test. Subjects who completed
the skills assessment six months post-initial training were
given $50 compensation for travel and their time.

Data from the CPR skills test in both groups were
captured on a CPR recording manikin (Skillreporter
ResusciAnne, Laerdal Medical) without direct
audiovisual feedback to subjects or any interaction
from study staff. CPR performance data were extracted
from the recording software and imported into the study
database for subsequent quantitative analysis.

Statistical approach and analysis
All data were compiled in a secure, internet-based

database application (REDCap Software Version 5.5.21,
Vanderbilt University, Nashville, TN) and analyzed using
a statistical software package (STATA 13, Statacorp,
College Station, TX). Nine subjects were excluded from
the 2010 cohort and seven subjects were removed from
the 2005 cohort due to missing covariates. Demographic
data were examined using the chi-square test for
categorical variables, whereas Student's ¢ test was applied
to continuous variables. Resuscitation performance
data (compression rate and depth) were assessed for
approximate normality and Student's ¢ test was used
due to the large sample size. We used ordered logistic
regression and multiple linear regression to further assess
resuscitation performance while controlling potentially
confounding covariates. Additionally, we adjusted
center-level confounding by adding site in the regression
as a fixed-effect. We further analyzed resuscitation
performance by classifying these data into three
categories based on the ILCOR guidelines. We defined
"excellent" rate as greater than 100 per minute, "good"
rate between 80 to100 per minute, and "poor" rate as less
than 80 per minute. Additionally, we defined "excellent"
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depth as above 50 mm, whereas "good" between 38 to 49
mm, and "poor" as less than 37 mm.

RESULTS
Demographics

From May 2009 to August 2013, 402 subjects were
trained in CPR at the eight study hospitals. Among
the subjects, 176 received training with the 2005
guidelines and 226 underwent training with the 2010
guidelines. From this target group, 176/176 (100%)
of the 2005 cohort and 162/226 (72%) from the 2010
cohort completed the skills assessment. Descriptive
characteristics and demographics of the study population
who completed the skills assessment are detailed in
Table 1. Overall, the mean age of subjects was 52+15
years, and 250/338 (74%) of the subjects were female.
The majority of subjects were white 196/338 (58%)
or black 124/338 (37%), and 259/338 (77%) reported
being the patient's spouse or immediate family member.
Of the subjects, 175/338 (52%) had never received
CPR training, and an additional 91/338 (27%) had not
been trained in more than 10 years. While there were
statistically significant differences in terms of previous
CPR training, there were no variations between study

Table 1. Demographics

Variables 2005 Guidelines 2010 Guidelines Pvalue® Adjustedb
n=176 (%) n=162 (%) P-value
Age (mean, SD) 53«15 50+14 P=0.14 P=0.17
Race P=0.23 P=0.25
White 109 (62) 87 (54)
Black 60 (34) 64 (40)
Other 7(4) 11 (6)
Gender
Female 128 (72) 122 (75) P=0.49 P=0.25
Relationship to patient P=0.95 P=0.26
Spouse 62 (35) 53(33)
Immediate family 74 (42) 70 (43)
Other 40 (23) 39 (24)
Highest education P=0.55 P=0.01
High school or less 63 (36) 50 (31)
Some college 50 (28) 41 (25)
College 32 (18) 39 (24)
Graduate school 31 (18) 32 (20)
Previous CPR training P<0.01 P=0.06
No 102 (58) 73 (45)
Yes—within past 2 years 3 (2) 16 (10)
2 to 5 years 12 (7) 22 (14)
5to 10 years 7 (4) 12 (7)
More than 10 years 52 (29) 39 (24)

*. P-values represent a comparison between the 2005 and 2010
guidelines cohorts. *: Adjusted P-value when comparing compression
rate and depth between cohorts using multivariate regression modeling.
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Figure 1. Distribution of subject chest compression rate (A) and depth (B) within both the 2005 and 2010 guidelines training cohorts. Skills data were

quantified on a CPR-recording manikin.

Table 2. CPR skills assessment after training

CPR characteristics 2005 Guidelines n=176 (95%CI) 2010 Guidelines n=162 (95%CI)  Mean difference P value
Mean compression rate (n/min) 87 (83 to 90) 86 (83 to 90) —0.5(-61t05) P=0.84
Mean compression depth (mm) 34 (32 to 35) 46 (44 to 47) 12 (9 to 14) P<0.01

CPR: cardiopulmonary resuscitation. P-values represent a comparison between the 2005 and 2010 guidelines cohorts.

cohorts in regard to age, gender, race, subject's relationship
to the patient, and highest level of education attained.

CPR skills assessment
After training, subjects were asked to complete

a two-minute skills assessment on a CPR recording
manikin. Three hundred and thirty-eight subjects
completed this assessment and the results of the skills
assessment are detailed in Table 2. The mean chest
compression rate in the 2005 cohort was 87 (95%CI 83—
90) per minute and in the 2010 group was 86 (95%CI
83-90) per minute (P=ns), whereas the mean chest
compression depth in the 2005 cohort was 34 (95%CI
32-35) mm and in the 2010 cohort was 46 (95%CI 44—
47) mm (P<0.01). These data are shown in Figure 1.

We further analyzed these data categorically to
examine the prevalence of poor, good, and excellent rate
and depth within study cohorts (see Statistical Approach

B Poor 2005: n=176
O Good 2010: =162
M Excellent

Compression
rate |

2005

69/176 (39%)  57/176 (32%) 50/176 (28%)

2010

78/162 (48%) 38/162 (23%) 46/162 (28%)

Compression
depth .
2005 | . .

N
104/176 (59%) 59/176 (34%) 13/176 (7%) » P<0.01
2010 | -
12/162 26%) 56/162 (35%)  64/162 (40%)
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Figure 2. Proportion of subjects with poor, good, and excellent chest
compression rate and depth within both the 2005 and 2010 guidelines

training cohorts. P-value represents statistical significance between the
2005 and 2010 guidelines cohorts.
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for detailed description). Adequacy of rate performance
did not vary significantly between the cohorts (P=0.14),
but adequacy of depth performance was found to be
significantly different (P<0.01) (Figure 2). Of the 2005
cohort, 104/176 (59%) had "poor" depth compared with
42/162 (25%) of the 2010 cohort (P<0.01), and 59/176
(34%) of the 2005 cohort had "good" depth compared
with 56/162 (35%) of the 2010 cohort (P>0.05).
Additionally, 13/176 (7%) of the 2005 cohort had
"excellent" depth compared with 64/162 (40%) of the
2010 cohort (P<0.01).

Adjustment for confounding
We used a multiple linear regression model to

adjust for age, gender, education, prior training, and
relationship to patient as potential confounders on the
effect of guidelines training (2005 vs. 2010) on CPR
performance. The adjusted P values from this multiple
regression are detailed in Table 1. When controlling
confounders, training with the 2005 or 2010 guidelines
was not significantly associated with a change in rate.
Increasing educational attainment was associated with
deeper compression depth; even after adjustment for
this potential confounder, subjects trained with the 2010
guidelines had mean levels of compression depth that
were 12.46 mm (95%CI 15.3-9.58) deeper than those
subjects trained with the 2005 guidelines (P<0.01).

Additionally, we used ordered logistic regression to
analyze the categorically grouped compression data's
relationship with guidelines training while adjusting
for education and prior training. When controlling for
potential confounding, guidelines training was not found
to be significantly related to compression rate. Compared
to the 2010 guidelines, subjects trained with the 2005
guidelines have an 85% decreased likelihood of being in
a higher depth category, while controlling for education
and prior CPR training (P<0.01).

DISCUSSION

In the current work, we found that implementation
of the 2010 CPR guidelines training materials resulted
in a statistically significant increase in lay bystander's
performance of chest compression depth, while
controlling other variables. However, despite this
increase, mean depth was still less than the 50 mm
threshold recommended by international resuscitation
guidelines, highlighting the difficulty of achieving this
quality goal.
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The impact of CPR guidelines on training
Several studies have compared 2005 to 2010 guidelines

training of healthcare providers and the subsequent impact
on CPR quality during arrest simulations. Mayer et al"”’
trained nurses and physicians using both guidelines
recommendations and demonstrated improved CPR
performance with the 2010 guidelines. Additionally,
Jones et al'"® studied the impact of the 2010 guidelines
on medical student CPR performance and found that
subjects exhibited a faster rate when trained under the
2010 guidelines. In both studies, the subjects were taught
using the standard CPR approach (i.e. 30 compressions:
2 ventilations).

There are limited data on the training of lay
providers and the effect of guideline changes on
educational effectiveness. A recent Chinese study
randomized 88 undergraduate student volunteers to the
2005 or 2010 guidelines training using compressions-
only CPR and found that the quality of CPR (both rate
and depth) improved among the 2010 cohort."” Our
study utilized an existing hospital-based layperson CPR
training infrastructure, in which the subject cohort was
older (mean age=52+15) and participants were tested six
months after initial training. We found that the difference
in chest compression rate was not statistically significant
(P=0.84), which may be due to the guideline instructions
for chest compression rate remaining similar from
2005 to 2010. Additionally, we demonstrated improved
performance of chest compression depth within the 2010
cohort six months after initial training.

Despite guidelines, lay bystander CPR varies
While our data suggest an improvement in chest

compression depth with the new guidelines implementation,
it is important to note that there was wide variation in
the quality of CPR performance among our trained lay
subjects. This finding is consistent with the larger body
of work that has highlighted the difficulty of achieving
high-quality layperson CPR during both simulated and
presumably actual resuscitation events as well.

Rea et al® examined the CPR quality of 26 cases
of cardiac arrest patients treated by trained layperson
provider CPR as a sub-analysis from the public access
defibrillation trial. In this retrospective cohort study,
CPR quality varied and often did not reach guideline
recommended quality targets. Similarly, in a simulation
study assessing trained laypersons, Aufderheide et al®"!
demonstrated that less than a third of subjects performed
adequate compression depth. Our study found similar,



World J Emerg Med, Vol 6, No 4, 2015

275

poor CPR performance with less than a third of the
subjects demonstrating excellent rate and depth.

Methods to improve layperson CPR

Since there is growing evidence that training alone
may not be sufficient to ensure adequate layperson CPR
performance, there may be potential value in considering
other innovative approaches.”**") Recent investigations
have suggested that dispatcher-assisted CPR instructions
may provide a useful complement to CPR training for
laypersons.” A recent study™ found that dispatcher-
assisted instructions with compressions-only CPR
resulted in a trend towards better outcomes in clinical
subgroups. Other investigations have explored the use of
cell phone audio guidance for lay bystanders and found
that audio guidance improved CPR quality in simulated
settings.” Despite this, there may be situations where
dispatcher assisted CPR or cell phone guidance are not
readily available, thus other novel methods to increase
CPR retention should be examined. Investigators may
consider evaluating processes to encourage trainees to
practice their skills more regularly such as through brief
email reminders, SMS texts, or phone calls that prompt
subjects to consider refreshing their skills. Additionally, it
is reasonable to consider whether more testing or feedback
is necessary during the training process to increase the rate
of competent providers. These novel methods may be an
attractive avenue for future investigations.

Limitations
This study has several limitations. First, subjects

were selected as part of a larger ongoing multicenter
study investigating various hospital-based CPR training
dissemination strategies. Subjects were enrolled using a
similar inclusion criteria and CPR training curriculum,
but there were variations in the CPR skills test protocol.
Specifically, those in the 2005 cohort were subjected to
a CPR skills test immediately after the training, whereas
subjects in the 2010 cohort were given a six-month
post-initial training for skill assessment. Despite the
lag in follow-up assessment among those trained using
2010 guidelines, compression depth was significantly
deeper in this group, supporting the finding that the
change was related to the guidelines training curriculum.
Furthermore, the six-month skills test was integrated
into an in-person follow-up interview where subjects
were not notified beforehand that they were being asked
to complete a skills check (i.e., the skills check was a
"surprise"). This method made it more probable that the

subject did not practice immediately before the follow-
up assessment, thus supporting the likelihood that the
improvement in chest compression depth was related
to the guidelines training curriculum. Despite this, it
is worth noting that the potential bias introduced by
different follow-up periods may actually mask the true
difference between cohorts. Future studies may consider
re-examining the relationship between CPR performance
and guidelines change with similar follow-up periods.

In conclusion, we have shown that implementation of
the 2010 CPR guidelines for layperson training resulted
in a statistically significant increase in the performance of
chest compression depth six months after initial training,
compared with the training using the 2005 guidelines
materials. Despite the improvement, mean chest
compression depth was still below the 50 mm threshold
recommended by ILCOR guidelines. These findings
have important implications for future development
of CPR training materials. Additionally, these findings
demonstrate the impact of guideline training on
laypersons simulated performance of CPR skills.
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