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BACKGROUND: Few studies have examined the association of layperson characteristics with
cardiopulmonary resuscitation (CPR) provision. Previous studies suggested provider characteristics,
including age and gender, were associated with CPR quality, particularly chest compression (CC)
depth. We sought to determine the association of subject characteristics, including age and gender
with layperson CPR quality during an unannounced simulated CPR event. We hypothesized
shallower CC depth in females, and older-aged subjects.

METHODS: As part of a larger multicenter randomized controlled trial of CPR training for
cardiac patients' caregivers, CPR skills were assessed 6 months after training. We analyzed
associations between subject characteristics and CC rate, CC depth and no-flow time. Each variable
was analyzed independently; significant predictors determined via univariate analysis were assessed
in a multivariate regression model.

RESULTS: A total of 521 laypersons completed a 6-month CPR skills assessment and were
included in the analysis. Mean age was 51.8+13.7 years, 75% were female, 57% were Caucasian.
Overall, mean CC rate was 88.5+25.0 per minute, CC depth was 50.9+£2.0 mm, and mean no-flow
time was 15.942.7 sec/min. CC depth decreased significantly in subjects >62 years (P<0.001). Male
subjects performed deeper CCs than female subjects (47.5£1.7 vs. 41.9+0.6, P<0.001).

CONCLUSION: We found that layperson age >62 years and female gender are associated with
shallower CC depth.
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INTRODUCTION

Survival from out-of-hospital cardiac arrest (OHCA)
in most communities in the US is less than 12%
and is dependent on prompt, high-quality bystander
cardiopulmonary resuscitation (CPR).!"” Investigations
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of simulated CPR provision have suggested that certain
provider characteristics such as age and gender are
associated with the quality of CPR performed.”®
However, such studies have found conflicting results
regarding the effects of age and gender on CPR quality.
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A study by Neset et al™' showed that those aged 50-76
years old could perform appropriate CPR for an extended
period of time while another study found that those
they categorized as "elderly" providers (>65 years) had
decreased CPR quality compared to younger cohorts.
Similarly, whether characteristics related to the gender of
the CPR provider have an effect on the quality of CPR
delivered has not been clearly determined.””

We hypothesized that chest compression (CC) depth
would be less in older aged subjects and in females.
Understanding differences in lay provider CPR based on
specific provider characteristics could help instructors
target education and practice sessions specific to those
demographics to improve lay provider CPR quality.

METHODS

As an analysis of a larger prospective randomized
controlled trial (RCT) examining CPR training strategies
among family members of hospitalized patients with risk
factors for cardiac arrest, we examined CPR quality [CC
rate of 100 compressions per minute (cpm) and CC depth
50 millimeters (mm)] during a 6-month follow-up with
an unannounced testing session to determine the association
of provider characteristics with CPR quality."
of six-month for follow-up testing has been established
as a standard in previous studies.”'*’ Family members
were randomized to receive either video self-instruction
(VSI) CPR training (with hands-on CPR skills practice)
or video-only CPR training (without hands-on CPR
skills practice) as a part of the larger RCT. Subjects then
performed an unannounced 6-month CPR skills follow-
up test.

In the primary RCT subjects were enrolled at 8 hospitals
within the Southeastern Pennsylvania region between
February 2012 and January 2015. Subjects were instructed
in hands-only CPR and performed follow-up testing
between August 2012 through May 2015, as described in a
previous study published by our group.™"” Subjects were
enrolled at their respective hospitals and randomized
to a CPR training strategy using the American Heart
Association (AHA) Family and Friends VSI Kit (Laerdal
Medical, Wappingers Falls, NY) either with practice on
an inflatable manikin or without practice on an inflatable
manikin (video-only). Subjects did not perform baseline
CPR skills testing at the initial enrollment session.

This study was approved by the institutional review
board of the University of Pennsylvania (Protocol
#814676) and the institutional review boards with

A duration

jurisdiction over the additional study sites: Crozer-
Keystone Health System, Albert Einstein Healthcare
Network, Temple University, and the Chester County
Hospital and Health System.

For each subject, a 6-month follow-up date was
calculated as 180 days after the initial training. Two weeks
prior to the target date, the subject was called by a research
associate; contact was attempted a minimum of five
times. Each subject was scheduled for an in-person
interview within =7 days of the target date. Interviews
were conducted at a private or semi-private location of
the subjects' choosing (e.g. in the home, at their place of
employment). During the interview subjects were asked
to perform 2 minutes of CPR on a skill reporter manikin
(Laerdal SkillReporting Manikin, Laerdal Medical,
Wappinger Falls, NY). Subjects were unaware of the
skills check prior to the follow-up session to prevent
subjects from reviewing their CPR training prior to the
skills check. All subjects received a similar cardiac arrest
scenario and were encouraged to "do whatever they
would in a real situation.” No information or questions
about CPR were answered by the research associates
until after the scenario was completed.

CPR skills
CC rate and depth were recorded using the Laerdal

skill reporter manikin (Laerdal SkillReporting Manikin,
Laerdal Medical, Wappinger Falls, NY). Target CC rate
was considered 100 compressions per minute (cpm)
and adequate CC depth was considered 50 millimeters
(mm) as specified in the AHA 2010 guidelines."” For
the 2-minute skills check, a skill-reporting CPR manikin
connected to a computerized interface was utilized
without CPR feedback (Laerdal Medical, Wappinger
Falls, NY). The CPR quality module recorded
compression information including instantaneous
rate and depth, inactive time, average rate and depth,
and hand placement. Mean depth was calculated as a
mean of all compressions delivered relative to the start
point (0 mm). Mean rate was calculated by the skill
reporting software using the instantaneous rate for each
compression, excluding extended pauses in compression
from the calculation. Data were downloaded from the skill-
recording manikin and entered into the study database using
the REDCap electronic data capture tool, hosted at the
University of Pennsylvania.'!

Body mass index (BMI)
BMI was calculated as weight in kilograms (kg)
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divided by height in meters squared. Subjects were
categorized according to the World Health Organization
classification as either: underweight (<18.4 kg/m®), normal
(18.5-25 kg/m’), overweight (25.1-29.9 kg/m®) or obese
(>30 kg/m’) based on their documented weight and height.

Statistical analysis
Data were analyzed using a standard statistical

software package (STATA 12, Statacorp, College
Station, TX). Demographic data were examined using a
Pearson's chi-squared test as appropriate for categorical
variables, and a Student's ¢-test for continuous variables.
We assessed CC rate and depth by age (increasing by
years), gender, race, education, and BMI in a univariate
analysis. Our multivariate regression model assessed the
mean difference of CC rate and depth, while controlling
for potential confounders such as site of initial study
enrollment, prior CPR training, relationship to the
patient, and mode of teaching (VSI and video-only).
We dichotomized gender by female and male. Race was
categorized into three variables, white, black, and other.
The education variable was categorized by schooling
level including elementary, middle, high school, some
college/vocational college, and graduate school.

RESULTS
Between August 2012 and May 2015, 521 laypersons

from the primary RCT completed the 6-month CPR
skills assessment (Figure 1) and were included in the
study. Mean age was 51.8+13.7 years, 75% were female,
55% were Caucasian (Table 1). Overall, mean CC rate
was 88.5+25.0 cpm, mean CC depth was 50.9+2.0 mm,
and mean no-flow time was 15.9+2.7 seconds. When
examining each CPR quality metric based on age, as age

| 1 464 randomized |

695 video-only 769 VSI

434 excluded: 464 excluded:
N 335 misc.loss to follow-up N 361 misc.loss to follow-up
18 no skills check 18 no skills check

81 declined follow-up 85 declined follow-up

y y

305 completed follow up
285 final analysis

261 completed follow-up
237 final analysis

Figure 1. CONSORT diagram from primary RCT. Image taken from
Blewer et al Circ Cardiovasc Qual Outcomes 2016.
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increased, CC depth decreased significantly in subjects
aged>62 years (P<0.0001; Table 2, Figure 2). In a
univariate analysis, there was no association of CC rate
or no-flow time with age (P=NS, respectively). Male
subjects performed deeper CCs than female subjects
(47.5+1.7 vs. 41.940.6, P=0.000). When analyzed
independently and controlling for other variables, BMI
was not associated with any CPR quality metrics (data
not shown).

In a multivariate regression analysis (Table 3)
controlling for mode of teaching, site of enrollment
and time since previous CPR training, we found that
race had a statistically significant association with CC
rate (P=0.014); age, gender, and race had a statistically
significant association with CC depth (P<0.001,
respectively); education level was associated with the
duration of hands-off time (P=0.001).

Table 1. Subject demographics (n=521)
Variables

All Subjects

Age, Mean (yr£SD) 51.8+13.7
Gender, n (%)
Female 393 (75)
Male 128 (25)
Race, n (%)
White 285 (55)
Black 196 (38)
Other 35(7)
Education, n (%)
High school 178 (34)
Some college/Voc 129 (25)
College 137 (26)
Graduate 76 (15)
Relationship, 7 (%)
Spouse 192 (37)
Immediate family 223 (43)
Other 101 (20)
How long since last CPR training, n (%)
Never 243 (47)
<2 years 46 (9)
2-5 years 64 (12)
6-10 years 55(11)
>10 years 111 (21)
Mode of teaching, n (%)
Video-only 236 (45)
VSI kit 285 (55)
BMLI, n (%)
Underweight 2(1)
Normal 63 (26)
Overweight 73 (30)
Obese 105 (43)
Site, n (%)
Site 1 129 (23)
Site 2 154 (30)
Site 3 64 (11)
Site 4 41 (7)
Site 5 89 (16)
Site 6 28 (5)
Site 7 57 (10)
Site 8 10 (2)

Yr: years; CC: chest compression; n: number; %: percent; Voc: vocational;
BMI: body mass index; VSI: video self-instruction; race missing 6:
relationship to patient missing 6; CPR quality metrics (CC rate and depth)
n=522, average hands-off time n=271; A subset of patients included BMI.
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Table 2. CPR quality metrics for total cohort (n=521)

Variables CC rate P value CC depth P value No-flow time P value
Age, Mean (yr) 88.5£25.0 NS 50.9£2.0 0.000 15.9+2.7 NS
Age quartiles (yr)
<43 (Baseline) 91.0£2.2 - 453+£1.0 - 14.1+1.3 -
44-52 88.0+£5.3 NS 45.6£2.4 NS 13.743.2 NS
53-61 86.0+£5.3 NS 43.3+£2.4 NS 13.7£3.2 NS
>62 90.3+£5.4 NS 38.6£2.4 0.000 11.0+£3.2 NS
Global P value NS P=0.000 NS
Gender, n (%)
Female (Baseline) 89.5+1.3 - 41.9+0.6 - 12.6+0.8 -
Male 85.8+£3.8 NS 47.5¢1.7 0.000 14.7+2.3 NS
Global P value NS P=0.000 NS
Race, n (%)
White (Baseline) 86.9+1.5 - 44.4+0.7 - 11.1+1.0 -
Black 89.0+£3.8 NS 41.4+£1.8 0.005 14.7£2.4 0.01
Other 100.8+6.0 0.002 43.842.8 NS 15.5+3.4 NS
Global P value P=0.008 P=0.02 P=0.02
Education, n (%)
High school (Baseline) 85.6£1.9 - 41.6+£0.9 - 15.8£1.1 -
Some College/Voc 91.5+4.8 0.04 444423 0.04 11.5£2.8 0.01
College 90.6+4.7 NS 44.142.2 0.06 10.0+2.8 0.001
Graduate 87.4+5.3 NS 43.4+42.5 NS 14.74£3.2 NS
Global P value NS NS P=0.003
BMI, n (%)
Normal (Baseline) 85.2434.1 - 38.9+1.4 - 11.1+2.0 -
Underweight 81.5£20.6 NS 35.0£9.3 NS 16.0£14.0 NS
Overweight 85.14£7.3 NS 42.1£35.3 NS 14.1+4.8 NS
Obese 91.8+7.0 NS 42.8+13.2 NS 13.6+4.5 NS
Global P value NS NS NS
Site
Site 1 (Baseline) 91.142.3 - 42.4+1.1 - 11.7+1.5 -
Site 2 88.3£5.5 NS 45.6+2.6 0.03 12.9+3.5 NS
Site 3 87.7+6.3 NS 41.442.9 NS 15.5£3.9 NS
Site 4 81.4+6.9 0.04 41.243.2 NS 13.244.3 NS
Site 5 91.246.0 NS 40.3+2.8 NS 16.5+3.6 0.02
Site 6 84.8+7.7 NS 45.0+3.6 NS 12.2+4.7 NS
Site 7 88.0+6.4 NS 46.4+3.0 0.04 7.6+4.3 NS
Site 8 85.8+£10.6 NS 42.444.9 NS 22.0+8.0 NS
Global P value NS 0.009 0.05

Yr: years; CC: chest compression; n: number; %: percent; Voc: vocational; BMI: body mass index; VSI: video self-instruction; Race missing 6:
relationship to patient missing 6; CPR quality metrics (CC rate and depth) n=522, average hands-off time #=271; A subset of 259 subjects included BMI.

Age quartiles
60 <43 years 601 44-52 years
40 40
20 20
S
o 0 | 0 1
%” 0 20 40 60 0 20 40 60
=
15} _ —
§ 60 53-61 years 60 >62 years
401 40
201 20
0 | 0 M |
0 20 40 60 0 20 40 60

Figure 2. Chest compression depth and age.

Average compression depth (mm)
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Table 3. Factors significantly associated with CPR quality in multivariate

analysis
Variables Coefficient (95%CI) P value
Chest compression rate
Race
White (Baseline) — —
Black 0.649 (—4.730, 6.027) NS
Other 13.228 (4.121, 22.335) 0.004
Global P value 0.014
How long since last CPR training, n (%)
Never (Baseline) — -
<2 years 11.693 (3.850, 19.536) 0.004
2-5 years 7.383 (0.577, 14.190) 0.034
6—10 years 9.206 (1.962, 16.449) 0.013
>10 years —4.173 (-9.791, 1.444) NS
Global P value 0.0002
Mode of teaching
VSI (Baseline) — -
Video-only 1.734 (-2.604, 6.072) NS
Global P value NS
Site
Site 1 (Baseline) — —
Site 2 —1.073 (-7.332, 5.187) NS
Site 3 —3.602 (—11.358, 4.153) NS
Site 4 -9.066 (-17.976, —0.156) 0.05
Site 5 —0.846 (—8.391, 6.699) NS
Site 6 —7.080 (—17.799, 3.640) NS
Site 7 —1.419 (-9.529, 6.692) NS
Site 8 —5.340 (-21.256, 10.576) NS
Global P value NS
Chest compression depth
Age quartiles (yr)
<43 (Baseline) — —
44-52 0.516 (-2.161, 3.194) NS
53-61 —2.445 (-5.112, 0.225) 0.08
>62 —7.155 (-9.890, —4.420) 0.000
Global P value 0.000
Gender
Female (Baseline) — —
Male 5.811 (3.616, 8.006) 0.000
Global P value 0.000
Race
White (Baseline) — —
Black —2.121 (—4.486, 0.243) 0.08
Other -1.261 (-5.301, 2.779) NS
Global P value NS
Mode of teaching
Video-only (Baseline) — -
VSI 5.418 (3.528, 7.309) 0.000
Global P value 0.000
Site
Site 1 (Baseline) — —
Site 2 1.674 (-1.065, 4.414) NS
Site 3 —2.355 (-5.765, 1.056) NS
Site 4 —1.904 (-5.802, 2.005) NS
Site 5 -3.260 (—6.587, 0.665) 0.06
Site 6 0.946 (-3.720, 5.612) NS
Site 7 2.501 (-1.065, 6.067) NS
Site 8 —2.312(-9.255, 4.631) NS
Global P value 0.05
Hands-off time
Race
White (Baseline) — —
Black 2.717 (-0.550, 5.983) NS
Other 3.744 (—1.234, 8.722) NS
Global P value NS
Education
High school (Baseline)  — -
Some College/Voc —3.857 (-7.211,-0.504) 0.02
College —4.947 (-8.438, —1.455) 0.006
Graduate 0.343 (—4.043, 4.728) NS
Global P value 0.01
Mode of teaching
Video-only (Baseline) — —
VSI —1.173 (-3.876, 1.531) NS
Global P value NS
Site
Site 1 (Baseline) — -
Site 2 2.632 (—1.462, 6.726) NS
Site 3 3.121 (-1.702, 7.945) NS
Site 4 1.855 (-3.681, 7.392) NS
Site 5 3.361 (-1.022, 7.744) NS
Site 6 0.264 (—6.056, 6.583) NS
Site 7 —1.462 (-7.221, 4.297) NS
Site 8 10.242 (-2.566, 23.051) NS
Global P value NS

n: number; %: percent; Yr:

self-instruction.
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years; CI: Confidence Interval; VSI: video

DISCUSSION

In this secondary analysis of a family member
CPR training program, we showed that age and gender
were associated with differences in CC quality during
simulated CPR performance. As age increased, CC depth
decreased significantly when subjects' age was >62 years.
Female subjects had a decreased CC depth compared to
their male counterparts. We did not find any differences
in BMI related to CC rate, CC depth or no flow time.

Other manikin studies have examined CPR quality
related to gender and age."”’ Though we found that as
our subjects' age increased, those who were >62 years
compressed at a significantly shallower depth, we did
see a trend towards shallower depth when the age of our
subjects was >52 years. A study by Papalexopoulou et
al' reported that the retention of CPR skills decreases
over time and similarly hypothesized that it may be due
to the weakening of physical stamina with increasing
age. As noted by Papalexopoulou et al,”® other studies
found that 50-76 year olds could perform CPR for
an extended period of time in an acceptable range. In
contrast, a study by Takei et al” found that the age of
bystanders did affect the quality of CPR and showed that
good quality bystander CPR was less often performed by
"elderly" providers (>65 years). Our study showed that
female gender and increasing age are associated with
shallower CC depth.

When examining gender and CPR quality, Lopez-
Gonzalez et al'” examined college students (aged 19-43,
mean 22.7+5.2 years) and reported on exertion rates.
They found that women who performed CPR had higher
exertion rates than their male counterparts. Though in
our study we did not look at rates of physical exertion
during CPR, we did find that the CC depth in our female
population was significantly shallower compared to our
male subjects. Performing deeper CCs could potentially
lead to higher exertion rates and could account for our
finding that female subjects compressed at a shallower
depth than male subjects. Lopez-Gonzalez et al'® noted
however that the gender differences disappeared when
they controlled for confounders. The authors concluded
that there were no differences in terms of physical effort
during CPR and that the differences were due to weight
and physical fitness of their subjects. As BMI was similar
in both female and male subjects in our cohort, this
characteristic cannot account for the shallower depth by
female compressors. A recently published study by Lin et
al” examined pre-hospital provider specific factors that
could affect CPR quality and did find that BMI, along
with exercise, played a role in CPR quality. However,
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their study had a statistically significant difference
in their subjects' BMI, while our study did not find a
difference between our subjects’ BMI.

These findings should be taken into consideration
when structuring CPR training courses, as female CPR
trainees may need to be instructed to push deeper than
their male counterparts. Studies examining CPR quality
during actual cardiac arrest events have shown that as
CC rate increases, CC depth can decrease.!'” " This
could have been a factor in the findings that female subject
compressed at a shallower depth while male subjects
compressed at a deeper depth. Devices that quantify CPR
quality and provide trainee feedback should be considered
as studies have shown that CPR feedback devices can
improve chest compression quality, and overall skill
retention.”” "]

Limitations

We acknowledge several limitations to this study.
As this was a simulation study, whether CC rate and
depth would be different between age and gender in
laypersons when performing CPR on real cardiac arrest
victims is unknown. Additionally, our cohort of subjects
may not be generalizable to the public as the average
age of our subjects who enrolled and demonstrated
CPR performance was 51.8+13.7 years. An additional
limitation we noted was a gender and racial imbalance
as the majority of our population were female (75%
female, 25% male) and white (55% vs. 38% and 7%).
We did not record the number of subjects who declined
enrollment in the study, and therefore we do not know if
women or those classifying themselves as white agreed
to participate in our study at a higher rate. However
previous work from our group has shown that the
characteristics of those who declined to enroll were
similar to those who agreed to participate.”

CONCLUSIONS

We found that age >62 years and female gender are
associated with shallower CC depth in CPR performed
by laypersons. More work will need to be performed
to determine whether these differences occur in actual
cardiac arrest events and how to adapt CPR training to
account for these differences.
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