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Summary

Background: Cardiopulmonary resuscitation (CPR)
during treatment-resistant cardiac arrest in the
catheterisation laboratory is exceedingly difficult, for
practical reasons and on grounds of efficacy and safety.
Mechanical chest compression devices may provide
more constant CPR in this setting.

Methods: Using a CPR training manikin we sim-
ulated a prolonged resuscitation situation during
cardiac catheterisation requiring continuous chest
compressions over ten minutes. We compared a team
of three experienced resuscitators with the perform-
ance of a mechanical chest compression device (LU-
CAS™),

Results: No overall differences in compression rate
could be documented between manual and mechanical
chest compression rate during ten minutes of continu-
ous CPR (105/min vs 101/min; p = ns), but there was
considerable variation with manual compression
(88/min — 121/min). Mechanical chest compression re-
sulted in more constant and correct depth of chest com-
pressions compared to manual performance (98% vs
70%; p <0.01), even if a device failure occurred (95% vs
70%; p <0.01). Resuscitator fatigue was reflected in a
mean of 21% (range 0—45%) too shallow compressions
in the manual CPR group (vs 1% in the device CPR
group; p <0.05). We documented comparable time
frames of overall interruption of CPR due to installa-
tion of the mechanical device (10 seconds, range 9-11
seconds) and the overall time due to resuscitator
changes (9 seconds, range 8-12 seconds) over ten min-
utes of continuous CPR. Manual CPR resulted in too

deep compression in 8% of the com-

resistant cardiac arrest requiring continuous chest
compressions during PCI.

Key words: cardiopulmonary resuscitation;, me-
chanical CPR device

Introduction

In the infrequent but dramatic cases of therapy-resis-
tant cardiac arrest during cardiac catheterisation, e.g.,
during primary percutaneous intervention (PCI) in
acute myocardial infarction, defibrillation alone is often
unable to restore spontaneous and sufficient circula-
tion. In these situations, effective chest compressions
are crucial in ensuring appropriate cerebral and car-
diac perfusion. Minimally interrupted, regular and ap-
propriate CPR (cardiopulmonary resuscitation) 1is
mandatory to improve outcome in cardiac arrest [1, 2].

However, administering manual CPR to a patient
lying on the catheterisation laboratory table is exceed-
ingly difficult: first, access to the patient is constrained
by the cardiac angiography system and the operating
interventional cardiologist. Second, the catheterisation
laboratory table is quite flexible and therefore does not
offer a firm basis, thus making chest compression phys-
ically more demanding and less effective. Third, CPR
during therapy-resistant cardiac arrest in the catheter-
isation laboratory is often prolonged (mean compres-
sion time 105 + 60 minutes, range 45—-240 minutes) [3],
resulting in premature exhaustion of the resuscitators.
Finally, there are concerns regarding the radiation ex-
posure risk for the resuscitators.

pressions, whereas no deep com-
pressions were noted for mechani-
cal CPR (p =ns).

Conclusion: Mechanical CPR
devices may offer some advantages
over manual CPR in the setting of
prolonged resuscitation during car-
diac catheterisation in treatment-
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Mechanical chest compression devices have there-
fore been proposed [4]. There is a growing volume of
data on the safety and efficacy of these devices in the
catheterisation laboratory, but mainly limited to case
reports or series [2, 3, 5]. In Switzerland two chest com-
pression devices are available: LUCAS™ (Jolife AB,
Lund, Sweden) is a sternal compression device (gas-
driven or electric), incorporating a suction cup for active
decompression, and the Autopulse™ (ZOLL, Chelms-
ford, MA, USA), which is an automated load-distribut-
ing band resuscitation device.

The aim of the present study was to compare man-
ually administered CPR with LUCAS™ CPR in the
setting of cardiac catheterisation.

Methods

Study setting

We simulated a prolonged resuscitation situation during car-
diac catheterisation (e.g., primary percutaneous intervention;
PCI) in treatment-resistant cardiac arrest requiring continu-
ous and prolonged chest compressions. Access to the patient
was limited by the x-ray tubes of a biplane cardiac angiogra-
phy system in lateral or 20° LAO/30° cranial position with
centred table height. To keep the scenario simple and avoid
confounding factors, we did not integrate defibrillation, ven-
tilation, administration of medication or airway management
processes in the scenario.

In one setting a team of three experienced resuscitators
administrated continuous manual chest compressions for
10 minutes, changing every minute (after approximately 100
compressions) (fig. 1). In a second setting, two resuscitators
started manual CPR and installed a mechanical chest com-
pression device (LUCAS™, Jolife, Lund, Sweden) providing
10 minutes’ continuous CPR (fig. 2).

Data acquisition

To assess chest compression performance we used a CPR
training manikin (ALS Skillmaster/HeartSim4000-Software,
Laerdal, Stavanger, Norway). The software recorded the
absolute number and frequency of chest compressions and
classified chest compressions as correct (sternum compres-

Figure 1
Three resuscitators performing manual CPR during cardiac
catheterisation.

ORIGINAL ARTICLE

sion 4-5 cm), too deep (>5 cm) or not deep enough (<4 cm).
Time intervals with no chest compression on the manikin
(changing of the resuscitator, installation of the device) were
recorded.

Device characteristics

The LUCAS™1 device is a pneumatic system requiring a gas
port for supply with compressed air. It performed two
sequences without technical problems. The newer recently
released LUCAS™2 system has an electric motor with inte-
grated engine-cooling system. It performed two sequences
without technical problems, but in the third run the device
stopped after 7.5 minutes, probably due to overheating, and
the sequence was completed after a delay of 45 seconds with
manual CPR by one resuscitator.

Statistics

Data are presented as mean and range. For descriptive sta-
tistics, continuous variables were compared using ANOVA.
The study has a power of 0.9 to detect a difference of 2 cm in
compression depth, given an alpha error of .05 and an error
standard deviation of 1 cm.

Results

Manual chest compression

Six sequences were performed manually and a total of
6323 compressions were analysed. Two different re-
suscitation teams consisting of three resuscitators each
performed three scenarios of continuous chest com-
pressions over 10 minutes, changing every minute (re-
sulting in changes of the resuscitator after approxi-
mately 100 compressions).

Resuscitator characteristics

Resuscitator characteristics are shown in table 1. The
two teams (six resuscitators; five male, one female)
consisted of well trained professionals with a mean
professional experience of 10 years (range 8—14 years).
Mean age was 32 years (range 26—36 years). All resus-

Figure 2
LUCAS™2 performing mechanical CPR during cardiac
catheterisation.
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citators were rather athletic in stature (mean BMI
23.5 kg/m?).

Manual CPR performance

CPR performance results are shown in table 2. Mean
manual compression rate over 10 minutes of continu-
ous chest compression was 105/min, which is in the
range of current recommendations. Nevertheless, there
was a considerable range in the different sequences
(88/min—121/min). Over the six sequences, a mean of
70% of all compressions was classified as correct (de-
fined as sternal compression depth 4-5 cm) with a
range from 54 to 91% in the different sequences. 8% of
all compressions were classified as too deep (range 0—
44%) and 21% as too shallow (range 0-45%). When
changing the resuscitator chest compression was in-
terrupted for mean 9 seconds (range 8-12 seconds).

Mechanical chest compression

Three sequences of 10 minutes of continuous chest
compressions were performed using the LUCAST™2

Table 1
Resuscitator characteristics.
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system with electric power supply. Two sequences were
performed using the LUCAS™1 system with pneu-
matic gas-driven sternal compression. A total of 4957
mechanical compressions were analysed.

Mechanical CPR performance

CPR performance results are shown in table 2. In the
present section of the manuscript we show only the
results of the sequences without technical problems
(two sequences LUCAS™1 CPR and two sequences
LUCAS™2 CPR), but we will discuss the effect of de-
vice failure in the comparison of manual versus me-
chanical CPR. The mean manual compression rate over
10 minutes of continuous chest compression was
101/min. There was a very narrow range in the differ-
ent sequences (99/min—102/min). Over the four se-
quences, a mean 98% of all compressions were classi-
fied as correct (defined as sternal compression depth
4-5 cm) with a range from 97 to 99% in the different se-
quences. No compressions were classified as too deep
and 1% as too shallow (range 0-2%). A mean time of

Gender Age (years) Weight (kg) Height (m) BMI (kg/m?2) Qualification Professional
experience
(years)
Team 1
C.R. m 26.0 82.0 1.82 24.8 dipl. RS 8.0
M.G. m 33.0 84.0 1.92 22.8 dipl. RS 14.0
.M. f 32.0 64.0 1.72 21.6 dipl. RS 8.0
mean 30.3 76.7 1.82 23.1 10.0
Team 2
S.J. m 36.0 73.0 1.82 22.0 dipl. RS 10.0
A.H. m 32.0 93.0 1.81 28.4 dipl. RS 11.0
C.W. m 34.0 68.0 1.78 21.5 Dr. med., 10.0
ACLS Instructor
mean 34.0 78.0 1.80 24.0 10.3
All
mean 32.2 77.3 1.81 23.5 10.2
(dipl. RS = graduated paramedic, ACLS = Advanced Cardiac Life Support)
Table 2
CPR performance.
Manual CPR Mechanical CPR
Team1 Team2 Team1 Team2 Team 1 Team 2 LUCAS™M2 Device failure! LUCAS™1
Sequence 1 2 3 4 5 6 7 8 9 10 1
Hands-off (s) 12 8 8 8 8 8 11 10 45 9 10
Compressions 1206 1217 1131 963 888 918 990 1005 912 1023 1027
Correct compressions (%) 54 76 91 54 77 67 99 97 84 99 98
Too deep (%) 44 0 2 0 0 1 0 0 0 0 0
Too shallow (%) 0 22 5 45 21 31 0 2 15 0 1
Compression rate (per min) 120 121 112 96 88 91 99 100 100 102 102
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Figure 3

Comparison of manual vs mechanical CPR during cardiac catheterisa-
tion.

Mechanical chest compression using the LUCAS™ device resulted in
more constant and correct depth of chest compressions compared to
manual performance (98% vs 70%; p <0.05), even if a device failure
occurred (95% vs 70%; p <0.05). Manual CPR resulted in too deep
compression in 8% of the compressions, whereas no deep compres-
sions were noted for mechanical CPR (p <0.05). Too shallow compres-
sions occurred more often during manual CPR compared to mechani-
cal CPR (21% vs 1%; p <0.05).

Manual CPR

Mechanical CPR
(no device failure)

Mechanical CPR
(device failure)

|lll correct compressions (%) 8 too deep (%) B too shallow (%) |

ten seconds (range 9-11 seconds) was noted for inter-
ruption of chest compression over ten minutes due to
installation of the device.

Comparison: mechanical versus

manual chest compression

Due to device failure during the ninth sequence we de-
cided to analyse the mechanical compression perform-
ance separately for scenarios with a properly working
LUCAS™ gystem and for overall mechanical compres-
sion performance including the sequence with device
failure.
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Performance with no device failure

We compared four sequences of proper mechanical CPR
(4957 compressions) with six sequences of manual CPR
(6323 compressions). There were no statistically signif-
icant differences regarding compression rate during
manual versus mechanical CPR (105/min vs 101/min;
p =0.6192). The proportion of correct compression depth
was significantly better during mechanical CPR (98%
vs 70% during manual CPR; p = 0.0049) (fig. 3). Manual
CPR resulted in too deep compression in 8% of the com-
pressions, whereas no deep compressions were noted for
mechanical CPR (p = 0.4120). Too shallow compressions
occurred more often during manual CPR compared to
mechanical CPR (21% vs 1%; p = 0.0465) (fig. 3).

Device failure

In a clinical setting, failure of the mechanical CPR de-
vice would require manual CPR to be started. We
therefore analysed the influence of a device failure on
the overall mechanical performance separately by in-
cluding sequence 9 (device failure after 7.5 minutes
and manual continuation of CPR after a delay of 45 sec-
onds) in the comparison. We compared five sequences
(one with device failure) of mechanical CPR (5869 com-
pressions) with six sequences of manual CPR (6323
compressions). There were no statistically significant
differences regarding compression rate during manual
versus mechanical CPR (105/min vs 101/min; p =
0.5590). The proportion of correct compression depth
was still significantly better during mechanical CPR
(95% vs 70% during manual CPR; p = 0.0054); too
shallow compressions occurred less often in the me-
chanical CPR group compared to purely manual CPR
(4% vs 21%; p = 0.0595).

Discussion

In cardiopulmonary resuscitation, administration of
effective and uninterrupted chest compressions, some-
times for prolonged periods of time, is crucial. The
proper return of spontaneous circulation is correlated
with achieved coronary perfusion pressure [6]. Because
there is a delayed rise in coronary perfusion pressure
during continuous chest compressions [7], every inter-
ruption of chest compressions should be avoided. Un-
fortunately, in real life situations interruptions of chest
compression during CPR are common [8]. Rescuer fa-
tigue is an important issue; indeed, compression depth
decay already becomes evident after 90 seconds of CPR
[9]. Furthermore, efficient CPR during treatment-re-
sistant cardiac arrest in the catheterisation laboratory
is very difficult due to limited access to the patient and
is physically more demanding and often prolonged, re-
sulting in substantial manpower requirement and
often inadequate CPR quality.

In the present experimental study we compared
the performance of a mechanical chest compression de-
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vice (LUCAS™) with performance of manual chest
compression in the setting of a prolonged resuscitation
situation during cardiac catheterisation. No overall dif-
ferences in compression rate were documented between
manual and mechanical chest compression rate during
ten minutes of continuous CPR, but during manual
compression there was considerable variability which
was obviously avoided with mechanical CPR. Further-
more, mechanical chest compression using the LU-
CAS™ (device resulted in more constant and appropri-
ate depth of chest compressions compared to manual
performance, even if a device failure occurred. Resus-
citator fatigue was reflected by the fact that one fifth of
all compressions were too shallow in the manual CPR
group, while the devices provided appropriate com-
pressions in almost all circumstances.

In the past there has been concern about CPR-re-
lated injuries using a mechanical CPR device [10]. In-
terestingly, in the present study there were no deep
compressions with the mechanical device, but even
with experienced resuscitators such as in this study
such potentially hazardous events occurred in almost
half of the compressions during manual CPR. A recent
autopsy study was unable to detect differences in CPR-
related injuries between the LUCAS™ device and
manual CPR [11]. Another often discussed issue is the
time delay to effective CPR due to installation of the
mechanical device. We documented comparable time
delays of overall interruption of CPR due to installa-
tion of the mechanical device (10 seconds) and the over-
all time due to resuscitator changes (9 seconds) over
ten minutes of continuous CPR.

Several limitations are inherent in the current
study. We did not investigate hard clinical endpoints or
experimental circulatory parameters. Certainly, com-
pression depth, compression rate and interruption of
CPR are surrogate markers of effective CPR. Never-
theless, lower compression rates have been associated
with a worse outcome [12] and sufficient compression
depth can prevent post-resuscitation brain damage
[13]. It has to be noted that previously published data
on mechanical CPR with the LUCAS™ device demon-
strated improved coronary [14] and cerebral [15] blood
flow compared to manual CPR. Another limitation is
the clinical setting, which in reality may not be present
in the setting of this study: the use of biplane angio-
graphy equipment limited access to the patient more
than monoplane equipment, and the table height could
not be adapted to a comfortable resuscitation position.
On the other hand, we invited only highly trained re-
suscitators. Furthermore, they could concentrate fully
on chest compressions and had no other tasks to per-
form such as ventilation or administration of medica-
tion during the resuscitation process. Last but not
least, we did not investigate the way of compression
release, which is also an important feature of haemo-
dynamically efficient CPR.
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Conclusion

Mechanical CPR devices may offer some advantages
over manual CPR in the setting of prolonged resusci-
tation during cardiac catheterisation in treatment-re-
sistant cardiac arrest requiring continuous and pro-
longed chest compressions during PCI. The LUCAS™
system provided more reliable and appropriate chest
compressions than manual CPR.
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