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Abstract

Background and Objective—Cardiopulmonary Resuscitation (CPR) with adequate chest
compression depth appears to improve first shock success in cardiac arrest. We evaluate the effect
of simplification of chest compression instructions on compression depth in dispatcher-assisted CPR
protocol.

Methods—Data from two randomized, double-blinded, controlled trials with identical
methodology were combined to obtain 332 records for this analysis. Subjects were randomized to
either modified Medical Priority Dispatch System (MPDS) v11.2 protocol or a new simplified
protocol. The main difference between the protocols was the instruction to “push as hard as you can”
in the simplified protocol, compared to “push down firmly 2 inches (5cm)” in MPDS. Data were
recorded via a Laerdal® ResusciAnne® SkillReporter™ manikin. Primary outcome measures
included: chest compression depth, proportion of compressions without error, with adequate depth
and with total release.

Results—Instructions to “push as hard as you can”, compared to “push down firmly 2 inches
(5cm)”, resulted in improved chest compression depth (36.4 vs 29.7 mm, p<0.0001), and improved
median proportion of chest compressions done to the correct depth (32% vs <1%, p<0.0001). No
significant difference in median proportion of compressions with total release (100% for both) and
average compression rate (99.7 vs 97.5 per min, p<0.56) was found.

Conclusions—Modifying dispatcher-assisted CPR instructions by changing “push down firmly 2
inches (5cm)” to “push as hard as you can” achieved improvement in chest compression depth at no
cost to total release or average chest compression rate.
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1. INTRODUCTION

Background

Heart diseases are a significant cause of death in the United States, with sudden cardlac death
(SCD) alone accounting for more than 5% of overall deaths i |n the communlty 2,3 out-of-
hospital cardiac arrests (OOH-CA) comprise >60% of scDs.4 High incidence coupled with a
low survival rate of 2 — 4% make OOH-CA a significant public health issue.® Even though
rapid defibrillation is the treatment of choice for cardiac arrest, it has been observed that
provision of good quality early cardiopulmonary resuscnatlon (CPR) by bystanders is a likely
determinant of blood flow preceding defibrillation.6: 7 Good quality CPR produces ashockable
rhythm, increasing first shock success and improving survival in OOH- cA814 wiketal
observed that good quality CPR improved outcomes by as much as 17%. Additionally, they
found no dlfferences in outcome between patients receiving no CPR and those receiving poor
quality cpPr.1

In particular, recent data suggest a relationship between adequate chest compression depth
during CPR and first shock success.’ Gallagher et al observed no difference between the
survival rates for patients with poorly performed chest compressions and those who received
no chest compressions. However, patients who received better quality CPR had increased
survival (4.6% versus 1.4%, OR=3.4, p<0. 02) In a recent porcine study, Ristagno et al found
that the quality of chest compressions was the overriding determinant of successful
resuscitation rather than whether defibrillation or chest compressions were done initially after
sudden cardiac arrest.1® They observed that when effective chest compressions were given,
defibrillation could be delayed without compromising outcomes.

It is believed that telephone instructions provided by emergency medical dispatchers to
bystanders increase the chances of the OOH-CA victims getting early CPR, and may improve
survival.16-18 However, the quality of out-of hospital CPR has often been found to be poor,
with chest compression depth usually shallower than recommended by American Heart
Association (AHA) and Advanced Cardiac Life Support (ACLS) guidelines.19' 20

The AHA considers early bystander CPR to be one of the four links in the “chain of survival”
following OOH-CA. A 2008 AHA scientific statement encourages the development of
dispatcher-assisted “telephone CPR” because it provides CPR instructions in “real-time”, and
may be helpful even in those cases in which the bystander did not receive prior CPR training.
The statement also recommends improving the quality of CPR by implementing continuous
quality improvement in Emergency Medical Services (EMS) and community lay rescuer
training programs. 21 previous work has demonstrated that specific simplified instructions, to
perform chest compression-only cardiopulmonary resuscitation (CC- CPR) delivered by
dispatchers to bystanders can positively influence the quality of CPR.22 The 2008 AHA
statement also points out the importance of CC-CPR under some conditions, as this has the
potential to encourage layperson participation.21

Given the impact of OOH-CA on the population, more effort towards early provision of
effective emergency medical measures is warranted.# AHA recommends further research to
explore methods for increasing bystander CPR performance. 21 The objective of this report is
to describe the comparative effect of instructing the bystanders to “push as hard as you can”
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versus “push down firmly 2 inches (5cm)”, on the quality of chest compression depth in
simulated CC-CPR performed by laypersons in simulated out-of-hospital setting.

2. METHODS

Study Design and Population

This report represents combined data from two prospective randomized controlled, double-
blinded, field trials with identical methodologg but with different dispatcher-assisted CPR
instruction sets as described in earlier reports. 2, 23 After careful screening, following the
inclusion and exclusion criteria described elsewhere, the remaining population of local trained
and untrained adult laypersons is expected to represent the most likely responders who would
perform dispatcher-assisted CC-CPR on cardiac arrest victims in the community.zzl 23 Al
protocols were approved by the University of Alabama at Birmingham (UAB) Institutional
Review Board (IRB). After full disclosure of possible risks and benefits associated with the
study, subjects gave written informed consent in accordance with local IRB regulations.

Materials and Measurements

We used a CPR simulation manikin and a standardized scenario to assess the quality of single-
rescuer adult CPR.22: 23 After enrollment, the subjects were randomized to one of six
subgroups across both studies, two in the first and four in the second, using a constrained block
randomization scheme (Figure 1). The recruiter was blinded to the randomization scheme, and
the dispatcher was blinded to the study subjects. The six groups comprised of two control and
four intervention groups divided as follows: in the first study, the control group was exposed
to a modified CC-CPR version of the Medical Priority Dispatch System (MPDS) version 11.2
instructions [recommended by National Academy of Emergency Dispatchers (NAED)], and
the intervention group received instructions from a new simplified CC-CPR protocol. 2,23
In the second study, one of the groups was exposed to the modified MPDS v11.2 CC-CPR
instructions recommended by NAED (control), and another to the same modified MPDS
protocol with additional instructions to “put the phone down” (intervention). Two additional
intervention groups in the second study were exposed to simplified sets of CPR instructions
with or without instructions to “put the phone down”. These instructions were added after the
point where the dispatcher instructs to “push as hard as you can” and reassures the rescuer that
she will stay on the line. The MPDS v11.2 protocol used as the control is designed as a chest
compressions first protocol. We sequentially linked instructions from MPDS v11.2 panels as
described in earlier reports.zzi 23 The simplified CC-CPR guidelines, used as the intervention,
were déa%/eloped by the research team and modified based on observations gained from an earlier
study.

Data Collection and Processing

Data were collected using the Laerdal® PC SkillReporting System - a software used with the
adult size Laerdal® Resusci®Anne SkillReporter™ manikin to collect the subjects’ CPR
performance data into a computerized database.23 Survey forms developed for these studies
collected demographics and data about prior training.

Outcome Measures

Prospectively defined primary outcome measures included: chest compression rate and depth;
proportion of compressions without error, with correct hand position, with adequate depth and
with total release. Additional variables included time to start of CPR and total hands-off-chest
time.
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Data Management

The methods for both trials were identical, so we feel that combining the data to yield the data
set for this analﬁlsis is reasonable (Figure 1). Results and methods from both trials are published
elsewhere.22: 23 Both studies were randomized controlled, double-blinded, field trials. In both
studies, participants were recruited at public sites throughout central Alabama, and had similar
exclusion criteria. Additionally, the researchers followed identical methods for delivery of
instructions and data collection. The protocols differed only in the specific CPR instruction
sets used in the two studies. 22 23

The protocols used in the second study were designed to test whether instruction to put the
telephone down could improve CPR, and to attempt to improve hand positioning on the chest
wall. We found no significant difference between the quality of CPR performed whether the
subjects were instructed to put the phone down or not (results reported elsewhere).23 Another
difference in the two versions of our simplified protocol (used in the two studies) was a slight
difference in instructions relating to hand position, with the addition of “with the other hand
on top”, in the second study protocol. This instruction was added at the point where the
dispatcher explained hand placement to the rescuer. To determine whether these differences
might confound chest compression depth, we compared whether there were any differences in
proportion correct hand position between the three groups exposed to simplified protocols
across the two studies. This comparison used the Wilcoxon Rank Sum Test. We found no
difference in proportion of correct hand position across any of the simplified protocols
(p=0.26). Combining the data yielded 2 groups: one was exposed to MPDS v11.2 protocol and
the other to the new simplified CC-CPR protocol with the instruction to push *“as hard as you

can-.

The authors had full access to the data and take responsibility for its integrity. All authors have
read and agree to the manuscript as written.

Data analysis

Our first studg collected performance data of 117 subjects, and the second collected 215
records.22: 2 Thus, a total of 332 subjects were randomized in two studies. After combining
the data from the two studies, 164 subjects were in the group which received the new simplified
CC-CPR instructions and 168 received the modified MPDS v11.2 instructions. Statistical
analysis was performed on pre-selected variables felt most influential in affecting CPR
performance. Age was compared using the t-test, and gender and prior CPR training were
compared using chi-squared tests. Chest compression rate and depth were normally distributed,
therefore, these were analyzed with Analysis of VVariance (ANOVA). Proportion of
compressions without error, correct depth, and total release of chest wall were non-normally
distributed and were analyzed with the Wilcoxon Rank Sum Test; time variables were analyzed
with ANOVA. Tests were two-sided, and statistically significant findings were concluded from
p<0.05. Data were analyzed using JMP IN® version 5.1.2 statistical software.

3. RESULTS

Table 1 shows characteristics of each sample relevant to the depth of chest compressions: age,
gender, and prior CPR training. There were no statistical differences between the study samples
across these variables. Table 2 displays the outcomes of interest for this analysis. Subjects
instructed to “push as hard as you can” achieved significantly greater average chest
compression depth, a greater proportion of compressions done to the correct depth, and a greater
proportion of compressions without error. Chest compression rate was equivalent in both
groups. Additionally, despite superior chest compression depth, subjects told to “push as hard
as you can” allowed complete chest wall recoil as effectively as those told to “push down firmly
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2 inches (5cm)”. This was shown by no significant difference (p = 0.14) between the two groups
in the proportion of total chest wall release. Other variables collected individually for the

separate studies are reported elsewhere.22 Furthermore, we found no difference in proportion
of correct hand position across any of the simplified protocols (p = 0.26). The modified MPDS
protocols, however, resulted in consistently better hand position (data reported elsewhere).22

4. DISCUSSION

Early initiation of good quality CPR by laypersons is hindered by the complexity of CPR
instructions.22 Therefore, there has been a shift to a new approach to dispatcher-assisted CPR
instructions which follows the mantra “push hard, push fast”.24 The new guidelines also favor
complete recoil, and minimal interruptions in chest compressions. Simplified dispatcher-
assisted CPR instructions have been shown to improve quality of bystander CPR.22, 25

Our analysis suggests that instructions to “push as hard as you can” are superior to instructions
to “push down firmly 2 inches (5cm)” in achieving improvement in chest compression depth
(Table 2). There are several possible explanations for this observation, for instance it is difficult
to judge, even for trained professionals, how much force leads to a 2 inch (5 cm) compression
depth. Even with correct knowledge and feedback, rescuers often do not achieve adequate
depth.lg’ 26, 27 Therefore, it may be difficult for laypersons to ascertain correct depth while
performing CPR. Instructions to “push as hard as you can” eliminate the need for making this
judgment and lets the rescuer focus on delivering deep, forceful chest compressions.
Furthermore, research on attitudes regarding CPR has shown that rescuers fear the possibility
of chest wall injuries, and are often hesitant to push very hard.28 Itis possible that instructions
to “push down as hard as you can” underscored the importance of pushing hard to the
participants, who were therefore less wary of injuring the manikin, and were able to achieve
greater depth than those who were instructed to push down to a depth of “2 inches”. Whether
this finding of manikin simulation will be observed with actual victims, where chest wall injury
is a real possibility, remains to be seen.

The importance of these results is underscored by finding that better compression depth was
achieved at no cost to total release or chest compression rate (Table 2). Despite increase in
depth, subjects told to “push as hard as you can” allowed complete chest wall recoil as
effectively as those told to “push down firmly 2 inches (5cm)”. In addition, subjects were also
able to maintain adequate chest compression rate in both the groups.

Our findings are also significant because the experimental simplified instructions take less time
and are easily understood. The results of our first study showed that short and simple protocols
save time. We found that there was significant improvement in the time to start of compressions
by those who were provided with the new simglified instructions (Standard protocol = 78.6s;
Simplified protocol = 60.9s and p < 0.0001).2

Even though our results show significantly better performance of at least two parameters, as
compared to the standard MPDS v11.2 protocol, the overall quality of CPR was still poor. In
our second trial, the group given the simplified CPR instructions delivered only 5% chest
compressions without error (Table 2). Additionally, the average compression depth of 36.38
mm observed by following the new simplified protocol was lower than the acceptable range
based on Basic Life Support guidelines: 40 mm —50 mm.29 Therefore, further effort is needed
to simplify the bystander CPR instruction protocols to improve performance.

Though our study shows the effectiveness of the simplified protocol in achieving deeper chest
compressions, a number of diverse factors may affect the success of dispatcher-assisted CC-
CPR. These factors include: interval between onset of cardiac arrest and the start of CPR,
whether or not the bystander had prior training, the interval between patient’s collapse and the
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arrival of trained medical personnel, and the patient’s age and place of cardiac arrest.30 Some
other influencing factors include: whether the arrest was witnessed or not, the dispatcher’s
ability to identify cardiac arrest, whether dispatcher offered CPR instructions to the caller, and
the dispatcher’s ability to follow the protocol for providing the instructions. Additionally, the
caller’s willingness to perform CPR, physical ability to perform correctly, and the ability to
understand and closely follow the instructions may also have significant effect on the quality
of performance.gv 18, 31, 32 The effect of rescuer fatigue on compression depth is also a
possible factor. Odegaard et al found that laypersons delivering continuous chest compression-
only CPR delivered a significantly increased rate of chest compressions per minute, but at the
cost of decreased compression depth quality, compared to those performing CPR following
the 15:2 and 30:2 (compressions:ventilations) protocols.33 The findings of this study suggest
that fatigue during the later part of CPR may reduce the average chest compression depth over
the entire CPR episode. Unfortunately, our data set does not let us explore this factor. We have
data over the entire CPR episode for each subject. It is not possible for us to divide each record
into shorter increments and compare the performance during the first 90 seconds of CPR to
that of the subsequent 90 seconds, to explore the effect on depth over time. Future studies may
consider assessing the effect of fatigue by comparing the chest compression depth among
different intervals of a CPR episode.

5. LIMITATIONS

Manikin simulation is a major limitation of our study. A simulation cannot exactly replicate
the complexity, urgency and constraints of a real life scenario. We used standardized protocols
and tools to ensure consistency in our methodology. Males over %ge 60 are most likely to require
dispatcher-assisted CPR delivered by an adult of a similar age. 4 Although, the age range of
our sample was 19 to 83 years, most of our subjects were young and healthy. Therefore, our
results may not be generalizable to the populations most likely to perform dispatcher-assisted
CC-CPR, such as spouses of the elderly.

The MPDS v11.2 protocol was not designed as a chest compressions only protocol. For our
study purposes, we sequentially linked instructions in the standard protocol to eliminate the
instructions for ventilation. The effect of this slight modification on the results is unclear.
Finally, we attempted to combine two datasets generated from studies of virtually identical
methodology, performed by the same group of researchers. The samples did not differ across
pre-selected important variables of age, gender, and prior CPR training. There were minor
differences in the instruction sets, relating chiefly to hand position that could have biased the
compression depth we observed. However, the minor nature of these differences and the fact
that the proportion of correct hand positioning was not statistically different among any of our
simplified protocol followers suggest that such bias is unlikely.

6. CONCLUSION

Modifying dispatcher-assisted CC-CPR instructions, by changing “push down firmly 2 inches
(5cm)” to “push as hard as you can”, achieved improvement in average compression depth and
proportion of compressions to correct depth at no cost to proportion of compressions with total
release or average chest compression rate. We recommend adoption of this phraseology into
dispatcher-assisted CC-CPR instructions. However, even these instructions do not yield a high
proportion of good quality chest compressions. Therefore, further effort is needed to simplify
the bystander CC-CPR instruction protocols to improve performance. We also recommend
improved instructions for hand position in the simplified protocol.
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Study 1 Study 2 Combined Study Population
A. Modified MPDS 1. Modified MPDS v11.2 CPR A
v11.2 CPR protocol with instructions to Modified MPDS v 11.2 CPR
protocol “put phone down.” protocol = Groups A, 1 and 2

B. New simplified

2. Modified MPDS v11.2 CPR
protocol

3. New simplified CPR protocol

J

N=168

CPR protocol with instructions to “put phone New simplified CPR protocol
down.” ’ = Groups B, 3 and 4.
4. New simplified CPR protocol N =164
J
Figure 1.

Groups of CPR instruction protocols used in the two studies.
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Table 1
Comparison between selected variables from the combined data
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“Push down firmly 2 inches (5cm)
N =168

“Push as hard as you can”
N =164

Mean Age in years (SD)
30.0 (12.9)
55

Male n (%)

CPR training n (%)

Ever trained 59
Ever certified 41

31.1 (13.6)
58

59
41
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Table 2

Effect of old and new protocol on the quality of chest compressions-only CPR
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Outcome variable “Push down firmly 2 “Push as hard as you can” P-value
inches (5cm)”

Average compression depth (mm)1 29.7 (10.2) 36.4 (11.6) <0.0001

Compression rate (min ™) 97.5 (34.3) 99.7 (35.3) 0.56

Proportion of compressions done without error? 0(0-0.17) 0.05 (0-0.38) 0.003

Proportion of compressions done to correct depth 0.01 (0-0.39) 0.32 (0-0.78) <0.0001

Proportion of compressions done with full release 1.0 (0.99-1) 1.0(0.99-1) 0.14

1mean (SD)

2 .
median (interquartile range)
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