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Abstract

CPREzyTM is a new adjunct designed to improve the application of manual external chest compressions (ECC) during cardiopulmonary
resuscitation (CPR). The aim of this study was to determine the effect of using the CPREzyTM device compared to standard CPR during the
simulated resuscitation of a patient on a hospital bed. Twenty medical student volunteers were randomised using a cross over trial design to
perform 3 min of continuous ECC using CPREzyTM and standard CPR. There was a significant improvement in ECC depth with CPREzyTM

compared to standard CPR 42.9 (4.4) mm versus 34.2 (7.6): mm,P = 0.001; 95% CI d.f. 4.4–12.9 mm. This translated to a reduction in the
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ercentage of shallow compressions (<38 mm) with CPREzyTM 16 (23)% compared to standard CPR 59 (44)%,P= 0.003. There was a sm
ncrease in the percentage of compression regarded excessive (>51 mm): CPREzyTM 6.5 (19)% versus standard CPR 0 (0.1)%.P = 0.012).
here was no difference in compression rate or duty cycle between techniques. Equal numbers of participants (40% in each group
ne of more incorrectly placed chest compression. However the total number of incorrect compressions was higher for the CPRETM group
26% versus 3.9% standard CPR,P< 0.001). This was due to a higher number of low compressions (26% of total compressions for CPTM

ersus 1% for standard CPR,P< 0.001). In conclusion, CPREzyTM was associated with significant improvements in ECC performance. F
nimal and clinical studies are required to validate this finding in vivo and to see if it translates to an improvement in outcome
ictims of cardiac arrest.
2004 Elsevier Ireland Ltd. All rights reserved.
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. Background

The performance and quality of basic life support are im-
ortant determinants of outcome in cardiac arrest victims[1].
ost in-hospital arrests occur while the victim is on a hos-
ital bed[2]. We have demonstrated previously that external
hest compressions (ECC) performed on a hospital bed are
nferior to those undertaken with the victim on the floor[3].
urthermore, performance is not enhanced by emergency de-
ation of air filled mattresses[4]; by using a back-board; by
neeling on the bed next to the victim or by altering bed
eight[5].

A Spanish and Portuguese translated version of the Abstract and
eywords of this article appears at10.1016/j.resuscitation.2004.08.011.
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CPREzyTM is a portable device designed to improve
efficacy of manual chest compressions during cardio
monary resuscitation (CPR). Early evaluations of this de
reported improvements in compression rate, the numb
correct compressions and a reduction in the deteriorati
CPR performance over time[6]. The aim of this study wa
to evaluate the effectiveness of the CPREzyTM device to im-
prove chest compression efficacy in a cardiac arrest m
simulating a patient in cardiac arrest on a hospital bed.

2. Methods

2.1. CPREzyTM device

The CPREzyTM device is a portable adjunct for use dur
external chest compressions (Fig. 1). It has a series of ligh
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Fig. 1. (a) CPREzyTM device: (A) compression pad, (B) light indicator; (b)
the CPREzyTM device is placed on the sternum during CPR.

on its upper surface that illuminate depending on the amount
of pressure generated by each chest compression. Activation
pressures for the lights are quoted as: 1 light (child) 23 kg;
2 lights (small adult) 32 kg, 3 lights (average adult) 41 kg, 4
lights (large adult) 50 kg, 5 lights (caution) 54 kg[6]. When
compression pressure is released the lights switch off. In ad-
dition to the description of patient size next to the lights (i.e.
child to large adult), the approximate weight of the patient
is also identified. This is not the same as the activation pres-
sure for the lights. The device contains an audible tone that
bleeps at a rate of 100 times per minute. It is designed to be
placed on the sternum during chest compression in order to
improve the accuracy of CPR. A diagram on the front of the
device shows where it should be placed on the patient when
performing CPR.

2.2. Pilot study

The pressure indicators on the CPREzyTM device are cali-
brated for use with a victim lying on a firm, non-compressible
surface. However, a greater force is required when perform-
ing compressions with a victim on a hospital bed to overcome
the additional effect of mattress compression. In order to de-
termine the optimal compression force required to achieve a
compression depth of 40–50 mm, six volunteers performed
1 3, 4
o

2.3. Principle study design

The study was approved by the Executive Dean at the
Medical school, University of Birmingham. Students gave
verbal informed consent to participate in the study. The study
was a randomised controlled cross-over trial. Medical stu-
dent volunteers, trained as European Resuscitation Council
BLS/AED Instructors as part of our peer led resuscitation
training initiative were recruited[7,8]. Students performed,
in a random order, CPR using the CPREzyTM device and stan-
dard CPR. Randomisation was performed using odd-even al-
location from a list of random numbers generated using SPSS
(SPSSinc, IL, USA). Each phase of testing was separated by
a period of 7 days.

Participants received 2 min instruction on the use of the
CPREzyTM device at the start of the study and were al-
lowed a short 1 min period of familiarisation/revision with
CPREzyTM/standard CPR. Participants were instructed to il-
luminate four lights when using the CPREzyTM device. The
study required participants to perform 3 min of continuous
ECC (with and without CPREzyTM) on a Laerdal Resusci
Anne manikin placed on a hospital bed and SoftformTM mat-
tress. A 3-min sequence of continuous compressions was cho-
sen to reflect one cycle of the non-VF/VT treatment algorithm
in the intubated patient. The bed was adjusted to its lowest
p
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osition, which was 45 cm above the ground.
Data on compression performance were collected u

he VAM system software (version 1.30.19 Beta) and do
oaded to a laptop computer (Dell Latitude D600, Dell, U
s previously described[4]. The VAM system was used f
ata collection only and the feedback facility was deactiva
ata for each participant were exported to a Microsoft E
000 spreadsheet. The VAM system measures the follo
ompression variables (depth, duty cycle, rate, hand
ion). Hand positioning is recorded as correct if pressu
xerted on the lower third of the sternum only. The propor
f incorrect compressions that are low (below the simul
iphoid process) are also recorded.

At the conclusion of each test, participants were aske
omplete a visual analogue scale to measure their perce
f efficacy and fatigue[9]. (Statements—(i) the CPR I pe

ormed was efficacious and (ii) I was fatigued at the end o
est.) In addition, feedback was sought on comfort assoc
ith using the CPREzyTM device.

.4. Statistical analysis

From a previous study[3] we calculated that we wou
eed 20 participants to demonstrate a 10% difference in
ompression depth at a significance level of 0.05 and
ower.

Date were analysed using SPSS 10.0 for Windows (S
nc, IL, USA). Data were tested for normality using Sharp

ilks test. For normally distributed data repeated meas
ents over time were analysed by two-factor repeated

ure ANOVA, the two factors being compression varia
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and time. Huynh–Feldt epsilon was used when spherecity
conditions were not met. Pairedt-tests were used to com-
pare overall data for the two groups. These results are pre-
sented as mean (standard deviation) and 95% confidence in-
tervals of the difference between groups (95% CI d.f.). Non-
normally distributed data were analysed using Friedmans test
and Wilcoxon signed rank test and were presented as me-
dian (interquartile range). Pearsons correlation coefficient
was used to assess linear associations. Nominal data were
compared using McNemar’s test. AP-value of <0.05 was
considered statistically significant.

3. Results

3.1. Pilot study

There was a significant linear relationship between com-
pression depth and force (indicated by the number of lights
illuminated on the CPREzyTM device),r = 0.998,P= 0.002.
Optimal chest compression depth (40–50 mm) was achieved
when four lights were illuminated (Fig. 2).

3.2. Principle study
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There was a significant improvement in chest compres-
sion depth with CPREzyTM compared to standard CPR
42.9 mm (4.4) versus 34.2 mm (7.6),P = 0.001; 95% CI d.f.
4.4–12.9 mm. This effect was maintained throughout the 3-
min test (Fig. 3A). This translated to a reduction in the per-
centage of shallow compressions (<38 mm) with CPREzyTM

16 (23)% compared to standard CPR 59 (44)%,P = 0.003.
There was a small increase in the percentage of compression
regarded to be excessive (>51 mm): CPREzyTM 6.5 (19)%
versus standard CPR 0 (0.1)%,P = 0.012.

There was no difference in chest compression rate (me-
dian[IQR]): CPREzyTM 102[101–104] min−1 versus stan-
dard CPR 98[90.5–107],P= 0.407. This did not change over
time P = 0.861 (Fig. 3B). There was no difference in aver-
age duty cycle CPREzyTM 47.7(3.4)% versus standard CPR
48.1(5.5)%,P = 0.845. This did not change over timeP =
0.789 (Fig. 3C).

Equal numbers of participants (40% in each group) per-
formed one or more incorrectly placed chest compression.
However, there were no grossly misplaced compressions. The
total number of incorrectly placed compressions was higher
for the CPREzyTM group (26% versus 3.9% standard CPR,
P < 0.001.). This was due to a higher number of low com-
pressions (26% of total compressions for CPREzyTM versus
1% for standard CPR,P < 0.001).
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Twenty medical students were recruited to the main s
ue to logistic problems, three participants from the
hase of the study had to be replaced by volunteers ma

or age, sex, height and weight during the second ph
he participants age, sex, height and weight are displ

n Table 1.

ig. 2. Pilot study results—chest compression depth corresponding
umber of lights illuminated on the CPREzyTM device. Optimal chest com
ression depth (40–50 mm: dashed lines) was achieved when four light

lluminated. Data presented are the mean (standard error) from six su

able 1
emographics of study participants

Female Male

umber 10 10
ge (years) 20.3 20.8
eight (m) 165.8 (5.6) 178.7 (7.
eight (kg) 62.6 (10.3) 74.3 (8.5

ata are mean (standard deviation).
.3. Participant feedback

There was no difference in participants perception
chieving adequate depth of compression between
iques: CPREzyTM 49 (S.D. 30) versus standard CPR
S.D. 22)P= 0.149. Participants found using the CPREzyTM

evice caused greater fatigue than standard CPR 75
2) versus 60 (S.D. 25), 95% CI d.f. 4.5–26.4,P = 0.008.
inety-five percent of participants reported discomfor

he heels of their hands and wrists in association with
PREzyTM device. One participant sustained a soft
ue injury when the skin covering the fifth metacarpal
ame trapped between moving compression pad (Fig. 1,
art A) and fixed lights section (Fig. 1, part B) of the de
ice (Fig. 4 shows injury). The bruising settled within
eeks and there were no long lasting sequelae from

njury.

. Discussion

The principle finding of this study was that the CPREzyTM

evice was associated with a significant (average 8.7
mprovement in chest compression depth during simu
esuscitation of a patient on a hospital bed. This
ssociated with a substantial reduction in the numbe
shallow” (<38 mm) compressions and only a slight incre
n the number of “excessive” compressions (>51 mm).
s an important finding since it is to our knowledge
rst intervention shown to improve the efficacy of exter
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Fig. 3. Chest compression depth over time. Black, dashed line represents
CPREzyTM, grey solid line represents standard CPR. Data are presented
as mean (triangles/circles) and standard error (bars). Data were analysed by
repeated measure ANOVA. Graphs show: (A) depth—there was a significant
difference between CPREzyTM and standard CPR (F = 16.2,P = 0.001).
There was a significant decline in chest compression depth over time (F =
10.97,P <0.0001). (B) Rate—there was no significant difference between
CPREzyTM and standard CPR (F = 0.72,P= 0.410). There was a significant
decline in chest rate over time (F = 9.7,P = 0.0001). (C) Duty cycle: there
was no significant difference between CPREzyTM and standard CPR (F =
0.904,P = 0.904). There was a significant decline in chest rate over time (F
= 5.3,P = 0.0001).

Fig. 4. Photograph showing soft tissue injury over outer aspect of fifth
metacarpal after the hand became trapped between the mobile CPREzyTM

compression plate and fixed light indicator box.

chest compressions during the resuscitation of a simulated
in-hospital cardiac arrest.

External chest compressions yield at best 30% of normal
cardiac output[10]. Despite this, the early initiation and qual-
ity of CPR have been shown to be important determinants of
the success rate of resuscitation from cardiac arrest[1]. Stud-
ies in humans and animals in cardiac arrest have demonstrated
a linear relationship between compression depth and cardiac
output, mean arterial blood pressure and coronary artery per-
fusion[11,12]. A 10 mm improvement in compression depth
was associated with a 50% relative increase in cardiac out-
put and 30% relative increase in mean arterial blood pressure
[13,14].

Compared to CPR performed on a manikin placed on the
floor, we and others have demonstrated previously that com-
pression depth deteriorates markedly when the manikin is
placed on a hospital bed[4,3,15]. One potential explanation
for this finding is that when CPR is performed on a hospital
bed, the compression force not only causes compression of
the sternum, but also of the underlying mattress[16]. It is
for this reason that current international guidelines recom-
mend that a back-board is placed underneath the victim[17].
However in our previous studies, neither emergency defla-
tion of an air filled mattress (such that it then becomes a firm,
non-compressible surface)[4] nor placing a large back-board
b s-
s le of
r here
w ssion
f f the
v ssion
p n to
s or
l any
s

revi-
o nise
t t
eneath the manikin[5] led to any improvement in compre
ion variables. We therefore went on to investigate the ro
escuer body position. In a bench model we found that t
as an inverse relationship between maximal compre

orce and bed height indicating that the physical height o
ictim above the floor had an adverse effect on compre
erformance[4]. However when we subsequently went o
tudy the effect of kneeling on the bed next to the victim
owering the height of the bed neither intervention had
ignificant impact on compression efficacy[18].

One clear theme emerging from this study and our p
us studies was the failure of the CPR provider to recog

hat their compressions were sub-optimal[3,9]. In the presen
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study, we found no difference in participant’s perceptions of
the efficacy of their chest compressions between the stan-
dard and CPREzyTM group despite clearly different levels of
efficacy. The failure of the CPR provider to recognise sub-
optimal CPR performance is not a new phenomenon[19], but
effective interventions to overcome it have not been studied in
detail. The CPREzyTM device appears to overcome this prob-
lem by providing continuous visual and audible feedback on
performance.

These findings are consistent with those of other investiga-
tors that have studied the effect of feedback during CPR and
its effects on performance. Elding et al. investigated the use of
a similar device and reported significant improvements in the
numbers of correct compressions, improved hand positioning
and reduced number of excessive compressions[20]. A more
recent advance in the development of on-line feedback during
CPR is the Laerdal Voice Advisory Mannikin system. This
system analyses CPR performance using a micro-computer
and gives verbal instructions to the CPR provider on how to
optimise their technique during the resuscitation attempt e.g.
“Press a little deeper” etc. Early evaluations of this device
have yielded promising results with reported improvements
in CPR performance both immediately[21] after training and
during testing 6 months later[22]. When this technology was
incorporated into an automated-external-defibrillator it led to
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concern was the soft tissue injury sustained by one of our
participants whilst using the device. We suggest that users
are specifically warned about the potential for injury with the
device and take care to avoid placing their hands to close
to the moveable compression plate and fixed housing. The
manufacturers should also re-visit the design of the devise
and take steps to minimise the risk of this recurring.

Although the results of this early evaluation of the
CPREzyTM device are promising, there are several limita-
tions inherent in the study design that requires further consid-
eration. Most importantly, this was a laboratory-based study
using a resuscitation manikin rather than a clinical study of
patients in cardiac arrest. Our findings, although encouraging,
require verification in animal cardiac arrest models before
undertaking clinical studies in humans in cardiac arrest. This
is particularly topical when one considers the early promise
shown by the active-compression-decompression device. De-
spite evidence of improved CPR efficacy on manikins and
improvements in haemodynamics during CPR, large clinical
trials failed to demonstrate any consistent improvement in
outcome with the device[24,25]. Finally, we used junior med-
ical students recently trained in BLS as the CPR providers
rather than qualified healthcare providers. Although at the
time of undertaking the study few had first hand experience
in performing CPR for real, the quality of CPR appears com-
p r pre-
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mprovements in ventilation volumes and chest compres
epth during simulated CPR performed by nurses[23].

The present study supports and extends the finding
oyle et al.[6]. Their study evaluated the use of CPREzyTM

uring simulated CPR on a resuscitation manikin place
he floor. The principle findings were a significant impro
ent in compression rate, the proportion of “effective c
ressions” (a composite score of correct position, force
elease between compressions) and compression po
ng. In contrast to their study however, we found that
PREzyTM device was associated with an increasedtotal
umber of incorrectly located compressions (mostly too l
owever their study reports the number of participants (ra

han compressions) that performed low compressions. W
onsidered in these terms, 40% of our subjects perfo
ne or more low compressions, which is comparable to
nding in their control group. What we failed to demonst
herefore was any improvement with the CPREzyTM device
urthermore, the sensor that reports low compressions is
ensitive to small errors in compression placement and
id not observer any grossly misplaced compressions th
vance, or potential for harm, from this observation is lik
o be small. We suggest that to overcome this potential p
em, participants are briefed carefully to continually evalu
he position of the device during CPR to avoid mispla
ompressions.

It was a concern that 95% of our participants reported
omfort in their hands and wrist whilst using the CPREzTM

evice. This may reflect the additional effort that is requ
o correctly perform CPR. It may also be due to the h
ess or narrowness of the compression plate. Of parti
arable to that undertaken by healthcare providers in ou
ious study[4].

. Conclusions

In conclusion, the CPREzyTM device was associated w
significant improvement in chest compression depth du
imulated resuscitation of a victim in a hospital bed. To
nowledge, this is the first intervention that has been sh
o improve the performance of chest compressions whe
ertaken with the victim on a hospital bed. Further an
nd clinical studies are required to validate this findin
ivo and to see if it translates to an improvement in outc
n human victims of cardiac arrest.
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