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Increased frequency of thorax injuries with ACD-CPR�
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Abstract

A prospective, randomised out-of-hospital study in a two-tiered system with active compression–decompression (ACD)
cardiopulmonary resuscitation (CPR) versus standard (STD) CPR in patients following non-traumatic cardiac arrest was planned
to test the hypothesis that ACD-CPR by the first tier may increase the occurrence of ventricular fibrillation as compared with
STD-CPR. Furthermore, in a later phase of the study, sternal and rib fractures induced by both CPR methods were determined
by extensive autopsy. After enrolling 90 patients the study was terminated because of a high frequency of chest injuries found at
autopsy. Forty-two patients received STD-CPR from the first tier and ACD-CPR from the second tier. Thirty-three patients
received ACD-CPR only by the first and the second tier, while 15 patients received STD-CPR only from the first and second tiers.
In order to obtain a sufficiently large control group for autopsy findings after STD-CPR, STD-CPR was performed in an
additional 33 patients within a second period of 4 months. There was no improvement in the number of patients found in
ventricular fibrillation after ACD-CPR as compared to STD-CPR performed by the first tier. In patients undergoing autopsy
(n=35) there were significantly more sternal fractures with ACD-CPR versus STD-CPR (14/15 vs. 6/20; PB0.005) and rib
fractures (13/15 vs. 11/20; PB0.05) In conclusion, ACD-CPR appears to cause more CPR-related injuries than does standard
CPR, but as a result of a number of limitations on this study, this fact cannot be proven beyond doubt. © 1999 Elsevier Science
Ireland Ltd. All rights reserved.
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1. Introduction

In 1992 a new cardiopulmonary resuscitation
(CPR) device was introduced into emergency
medicine to actively compress and decompress the
thorax during CPR (active compression–decom-
pression, ACD-CPR) [1]. Subsequent animal and
in-hospital studies showed improved haemody-
namic variables during ACD-CPR [2–4], and

partially an improved short-term survival rate as
compared to standard cardiopulmonary resuscita-
tion (STD-CPR) [5,6]. To date, all out-of-hospital
ACD-CPR studies with the exception of one [7]
failed to show an improved outcome in out-of-
hospital cardiac arrest patients.

In one animal study, myocardial and cerebral
blood flow significantly increased with ACD-
CPR as compared with standard (STD)-CPR
[8] in the absence of, and 5 min after, adrenaline.
Thus, the potential benefit of ACD-CPR observed
during basic life support (BLS) may be non-
existent during advanced cardiac life support
(ACLS) when adrenaline is given every 3 min. In
all out-of-hospital ACD studies, except one [7],
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ACD-CPR was performed as an adjunct technique
during ACLS.

The emergency medical technicians in our
Emergency Medical Service (EMS) usually arrive
before the ACLS unit and are allowed to provide
only BLS. We hypothesized that ACD-CPR may
improve outcome in this setting. Since an enor-
mous number of cardiac arrest patients must be
enrolled in order to show a significant improve-
ment in outcome criteria, we concentrated on oc-
currence of ventricular fibrillation (VF) as the first
ECG rhythm. VF usually correlates with outcome
criteria such as return of spontaneous circulation
(ROSC), hospital admission, or hospital discharge.
Optimal BLS may prolong the time before VF
deteriorates to a non-shockable rhythm such as
asystole or electro-mechanical dissociation. There-
fore, we hypothesised that ACD-CPR as a BLS
skill may improve occurrence of VF and thus
performed a randomised, prospective study to de-
termine the effect of ACD-CPR versus STD-CPR
during BLS on occurrence of VF.

2. Material and methods

2.1. Setting

Innsbruck has a population of approximately
130 000. The EMS is a two-tiered system with the
first tier being ambulance cars staffed with two
emergency medical technicians and the second tier
a mobile intensive care unit with an anaesthetist
and two emergency medical technicians. When an
emergency is reported, the first and second tiers
are dispatched simultaneously, with the first tier
arriving earlier in most cases. The emergency med-
ical technicians of the first tier are allowed to
perform BLS only, including bag-valve mask ven-
tilation, but not defibrillation, tracheal intubation,
or intravenous cannulation. The EMS handles
about 100 CPR cases per year.

2.2. Study design

After approval by the University Ethics Com-
mittee, a prospective randomised study was started
in the Innsbruck EMS with the aim of evaluating
the occurrence of VF in 200 patients treated with
ACD-CPR versus STD-CPR by the first tier. Us-
ing n Query advisor for x2-test, 100 patients per
group were calculated to show an increase in

occurrence of VF from 45% (as known for our
system) to 65% with a power of 80% and a P value
B0.05. The first tiers were randomly assigned to
carry an ACD device (Ambu CardioPump®,
Ambu International, Glostrup, Denmark) or not,
which resulted in either ACD-CPR or STD-CPR
being performed. Inclusion criteria were non-trau-
matic cardiac arrest (primary cardiac arrest and
pulmonary embolism, drug abuse, hypothermia)
and CPR indication. Exclusion criteria were age
B19 years, pregnancy and recent surgery to the
thorax. As an additional aim, 6 months after start
of the study, patients who died in the emergency
room or in the hospital without further CPR
efforts had an autopsy by a forensic pathologist
with special experience in CPR-related injuries. As
a result of autopsy findings in the ACD patients,
the study was terminated by the University Ethics
Committee 4 months later. During the following 4
months, all patients (now resuscitated by STD-
CPR alone), were also sent for autopsy evaluation
as a control.

2.3. Training

Before starting the study, all EMS members
received specific training in ACD-CPR on
manikins in addition to their regular annual CPR
training program. This ACD-CPR course con-
sisted of a theoretical part and a hands-on training
of 2 h in groups of eight participants in accor-
dance with the recommendations of the ACD-
CPR working group [9]. At the end of the course,
the participants were tested in the theory and
practice by an experienced emergency physician.

2.4. Outcome criteria

According to the Utstein template [10], the fol-
lowing parameters were determined: bystander
CPR, collapse–CPR interval, response time of the
first and the second tier, and first ECG rhythm
detected by the second-tier physician. In addition,
the number of defibrillations, total adrenaline
dose, duration of CPR, return of spontaneous
circulation (ROSC), discharge from hospital, and
1-year survival were evaluated.

2.5. Statistical analysis

For statistical analysis of factors influencing
survival rates, the Mann–Whitney U-test was
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used for parametric values and the x2-test for
dichotomy values. For comparison between
groups, the Kruskal–Wallis test was used for
parametric values and the x2-test for dichotomy
values. Statistical differences in frequencies of
chest injuries were tested with Fisher’s exact test.
P values B0.05 were considered significant.

3. Results

In the 10-month study period, 90 patients after
out-of-hospital cardiac arrest were treated by the
first tier with STD-CPR or ACD-CPR in random
order. The second tier started ACD-CPR, or con-
tinued ACD-CPR after arrival at the scene. On the
basis of personal judgement, some physicians de-
cided not to start with ACD-CPR, but to continue
STD-CPR in 15 of the 90 patients. As the study
was not an ACLS-ACD-CPR study, but a BLS-
ACD-CPR study, this was not considered a proto-
col violation. For determining possible thorax
injuries 33 patients of the second period were
added in order to have a sufficiently large control
group for STD-CPR. Thus, three groups were
recruited: STD-CPR followed by ACD-CPR
(STD/ACD-CPR; n=42), continuous ACD-CPR
(n=33) or STD-CPR only (n=15; for thorax
injuries n=48).

3.1. Outcome

There were no statistical differences in patient
parameters, system-correlated factors, occurrence
of VF, or ROSC (Table 1). Concerning thera-
peutic measures, the STD-CPR group was signifi-
cantly better. Concerning hospital discharge and
1-year survival, the results in the STD-CPR group
were also better, but not significantly so due to
he low number of patients. Patients in VF on
arrival of the second tier were more likely to
achieve ROSC and survival to hospital discharge
(Table 2). Patients with ROSC and discharge from
the hospital had shorter response time inter-
vals and fewer therapeutic interventions. By-
stander CPR was also associated with a better
chance of surviving to hospital discharge, but this
was not statistically significant. Twelve patients
(13%) were discharged from the hospital; three of
them died, two moved away and could not be
followed up; seven patients survived 1 year.

3.2. Autopsy findings

During the 4-month period before the end of
the study, when special attention was paid to
sternal and rib fractures during autopsy, 15
corpses after ACD-CPR were examined (five had
received only ACD-CPR and ten STD/ACD-

Table 1
Outcome data according to the Utstein stylea

STD+ACD (n=42) ACD (n=33) STD (n=15)

68 (57/80)Age 72 (50/79) 73 (68/83)
19 40Bystander CPR (%) 15.2

5 (3/10)Collapse–BLS interval (min) 3.5 (1/5.75)5 (2/10)
4 (3/5.75)5 (3/10)Response time tier 1 (min) 6 (4/10)
6 (5/9.75)Response time tier 2 (min) 7 (5/12) 8 (5/12)

First rhythm=VF (%) 46.147.6 36.4
3 (0/6) 2 (0/3)*Number of defibrillations 4.5 (0/8)

8 (5/16)Total adrenaline (mg) 8 (3.75/20) 2 (0/6)**
20 (13/30)CPR duration (min) 20 (10/30) 8 (2/25)

6051.5ROSC (%) 47.6
Hospital discharge 4 (12.12%)4 (9.5%) 4 (26.67%)

3 (20%)1 (3.03%)b3 (7.31%)bOne-year survival (n)

a BLS, basic life support; VF, ventricular fibrillation;
ROSC, return of spontaneous circulation. BLS was per-
formed by bystander or first tier. Data are given in percent or
medians (25/75 percentiles).

b One patient was lost for follow-up.
* Significantly different (P=0.032).
** Significantly different (P=0.02).
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Table 2
Correlation between Utstein criteria and outcomea

ROSC Hospital dischargeVF first rhythm

68 (57/74) 68 (59/73)Age (years) 69 (57/78)
5 (3/7) 4 (2/6)Collapse–BLS interval (min) 2 (0/5)

5 (3/7)5 (3/7)Call–first tier interval (min) 3 (0.5/5)
6 (5/9) 5 (5/10)Call–second tier interval (min) 5 (4/6)

c 65.9*VF as first rhythm (%) 72.7**
4.5 (2/8) 2 (1/7)5.5 (3/8)Defibrillation (n)

3 (0/8)6 (2/15)Total adrenaline (mg) 9 (2/20)
100***cROSC (%) 76.3*

18.5 (10/30) 15 (10/30) 10 (2/20)CPR duration (min)
c21.05 23.9Hospital discharge (%)

a Data are given in percent or medians (25/75 percentiles).
* ROSC to VF: PB0.001.
** VF to hospital discharge: PB0.05.
*** ROSC to hospital discharge: P=0.001.

CPR). No corpse after STD-CPR was autopsied in
the study period. From the second period (control
period; n=33) twenty corpses after STD-CPR
were recruited. Sternal fractures were determined
in 14/15 corpses after ACD-CPR (4/5 ACD/ACD-
CPR plus 10/10 STD/ACD-CPR) and in 6/20
after STD-CPR only (P=0.0001; Table 3); rib
fractures in 13/15 after ACD-CPR and in 11/20
after STD-CPR only (P=0.049). Sternal fractures
were found in 5/11 female and in 11/24 male
corpses (P=0.82).

4. Discussion

This ACD-CPR study was terminated by the
Ethics Committee because of the alarmingly high
frequency of chest injuries associated with ACD-
CPR. Thus, our hypothesis that early ACD-CPR
during BLS may increase the number of patients
found in VF could not be verified. Sternal frac-
tures were found significantly more frequently af-
ter ACD-CPR than after STD-CPR. For example,
in two patients fragments of sternal fractures
caused potential lethal vessel and heart injuries
[11]. Sternal fractures are considered more danger-
ous than uncomplicated rib fractures, since the
saw-like fracture and the tilted-in fragments of the
sternum can cause severe injuries such as cardiac
lacerations during each chest compression [11].

The incidence of thorax injuries determined by
autopsies in the literature varies from 0 to 43% for
sternal and 19 to 80% for rib fractures after STD

CPR [12–15]. Our autopsy findings after STD-
CPR correlate with these reports: sternal fractures
were found in 30%, and rib fractures in 55%. In
contrast, after ACD-CPR, sternal fractures were
found in 93%, and rib fractures in 87% of patients.
Thus, our data may suggest that the incidence of
sternal and rib fractures is higher in patients re-
ceiving ACD-CPR compared to STD-CPR.

Although ACD-CPR has been evaluated exten-
sively, autopsy data are rarely available. For ex-
ample, in three ACD studies [5,6,16] involving
altogether 975 patients, sternal fractures were eval-
uated by chest X-ray, ‘external examination’, and
in 56 patients by autopsy. Comparable frequency
and severity of chest injuries were reported for
ACD-CPR and STD-CPR, but an exact data com-
pilation was not reported for such a conclusion.
Furthermore, these studies did not determine the
duration of the CPR technique and did not differ-
entiate between STD-CPR followed by ACD-
CPR, and ACD-CPR alone. A French study [7],
which included 254 ACD-CPR attempts by the
first tier, showed a frequency of ‘sternal dislodge-
ment’ increasing from 0.4% after STD-CPR to
2.9% after ACD-CPR (P=0.03), but also a non-
significant decrease of rib fractures from 19.1 to
14.6%. The authors, however, did not report how
these injuries were determined. A German study
found no differences in rates of flail chest deter-
mined by clinical examination outside the hospital
(9/106 (9%) ACD-CPR vs. 4/114 (4%) STD-CPR;
P=0.12) and rib fractures determined by chest
X-ray (2/106 (2%) ACD-CPR vs. 5/114 (4%) STD-
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Table 3
Anthropometric data and autopsy findings in corpses sent to autopsy with special focus on chest injuriesa

Control periodStudy period

STD-CPR STD-CPRSTD-CPR+ACD-CPRACD-CPR
(n=20)(n=5) (n=10) (n=0)

– 14/6Male/female 4/1 7/3
60.5917.2 –Age (years) 60.2929.3 64.9919.2

–16.4915.0+45.5932.8 28.5910.825.6918.7Duration of CPR (min)
10 –Sternal fractures 4 6

– 11Rib fractures 4 9
9.893.8 –Sum of fractured ribs 793 7.993.6

–1 90No fracture

a Data are given in mean9S.D. and number of patients.

CPR; P=0.3) of surviving patients in the hospital
[17].

When performing a standard anterior–posterior
chest X-ray, it is not possible to exclude rib and
especially sternal fractures [18,19]. ‘External’ inves-
tigation or clinical examination may detect only a
general instability of the chest, while a differentia-
tion between parasternal rib and sternal fractures is
not possible. Even during routinely performed au-
topsy, it is difficult to detect all injuries caused by
CPR, in particular sternal dislodgement and non-
displaced fractures of either rib and/or sternal
fractures. In order to perform a detailed autopsy
for sternal and/or rib fractures, special attention
must be paid to the anterior thoracic wall during
preparation of the corpse. This methodological
problem, which may be responsible for an under-
estimated frequency of chest injuries after CPR in
other studies, was avoided in our study by having
autopsies performed by a single forensic patholo-
gist with special experience in CPR-related injuries.

Other than our own data, only very few case
reports can be found in the literature with specific
autopsy results after ACD-CPR [20,21]. In this
context it is not surprising that very recently there
has been a call for intensive research into the
effectiveness of each new CPR method, such as
ACD-CPR and its possible side effects such as
iatrogenic injuries, before it is introduced into
clinical practice [22].

Resuscitative efforts in patients with ACD-CPR
were performed for a longer time period than in
patients receiving STD-CPR, which may raise the
question whether longer CPR efforts increase the
risk for sternal fractures. According to our experi-
ence, however, fractures of the ribs and/or the

sternum usually occur at the very beginning of
CPR efforts. We thus speculate that when per-
formed over the usual time period the CPR dura-
tion does not influence the injury pattern.

Patients after STD-CPR in the study group
showed less therapeutic interventions and better
outcome data. It is possible that the promising
cases influenced the emergency physician not to
start with ACD-CPR, but to continue the STD-
CPR method. As already mentioned, this cannot
be seen as a protocol violation.

As stated in Section 1, VF as first ECG rhythm
at arrival of the second tier correlated with ROSC
and hospital discharge. Patients who were dis-
charged from the hospital had shorter time inter-
vals and fewer therapeutic interventions.

This study confirmed the quality of our EMS: in
particular, short response time intervals may be
responsible for the high survival rate (13–17%;
nearly constant since 1988), as previously reported
[23]. As we did not find any other study with a
comparable study design, namely randomised
ACD-CPR versus STD-CPR by the first tier and a
physician-staffed second tier, it remains unclear
whether early ACD-CPR is able to maintain VF
longer than STD-CPR.

The present study may have some limitations.
First, because it was terminated by the Ethics
Committee, the study is unfortunately underpow-
ered for determining statistically significant differ-
ences in terms of survival parameters. Second, it is
impossible to study a mechanical CPR device in a
fully blinded setting. Third, we were unable to
determine to what extent the CPR device being
employed and/or CPR duration had an impact on
chest injuries.
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In conclusion, our data suggest that ACD-CPR
may cause more CPR-related injuries than stan-
dard CPR, but as a result of a number of weak-
nesses of this study, this fact cannot be proven
beyond doubt.
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