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Introduction

Correctly performed basic life support (BLS)
can double the chances of surviving cardiac ar-
rest1-3. However, clinical studies demonstrate that
the efficiency of single rescuers massively deterio-
rates after the first three minutes4-6. Mechanical re-
suscitation devices (MRD) were developed with

the intent of providing high quality cardio pul-
monary resuscitation (CPR) over an extended peri-
od. Fully automatic MRDs like Autopulse™ (Zoll
Medical Corporation, Chelmsford, USA) and Lucas
2™ (Physiocontrol, Redmond, WA, USA) rely on
an external power source, which limits their use.
The MRD Animax™ (AAT Alber Antriebstechnik,
Ebingen, Germany) is hand-powered by a single
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parameter, the effective compression ratio (ECR).
Methods: This was a comparative cohort study of data from prior studies that were
entered into a spreadsheet (Excel) for analysis with a macro. The ECR, which integrates
parameters that are relevant to effective resuscitation, was compared between the 2
cohorts.
Results: Single rescuers achieved a higher mean (SD) ECR (0.57 [0.3] vs 0.32 [0.3]  for
the paired rescuers, P < .001) but their ECR declined more rapidly (by 2.2% vs 1.1% per
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mm] for the paired rescuers, P < .001). The ECR decreased 0.01 (2.3%) per minute in
the single-rescuer cohort and 0.004 (1.1%) per minute in the paired-rescuer cohort
(P = .01).
Conclusions: The Animax mechanical resuscitation device was superior when used by a
single rescuer than when used by paired rescuers, based on the integrated ECR
parameter. Although the decline in the ECR when the MRD was used by the single
rescuers was more pronounced within the first 3 minutes, overall they achieved a higher
ECR. Before this MRD is used more widely, clinical studies are needed to test the device’s
safety and efficacy in patients. [Emergencias 2013;25:278-284]
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rescuer and therefore independent of an external
power source.

Two studies investigated the efficiency of this
MRD in manikins, comparing it to standard BLS
both in a single and a two rescuer scenario7,8. Sin-
gle rescuers using the MRD resulted in less hands-
off time and more effective compressions (ECs)
compared to standard BLS; two rescuers using the
MRD resulted in even less hands-off time com-
pared to two-rescuer standard BLS7,8. Because
studies that investigated standard BLS in different
settings found that two-rescuer resuscitation is
more effective than resuscitation by a single res-
cuer9,10, we wanted to analyse the quality of resus-
citation if the MRD is used by single rescuers
compared to two rescuers.

Methods

We studied differences in the quality of resusci-
tation in the two MRD cohorts and used prospec-
tively collected data for this post hoc analysis7,8.
These studies had already been approved by the
ethics committee of the Medical University Vien-
na. Results regarding the MRD were extracted
from the data sets in order to compare the two
cohorts. At the same time, data from the standard
BLS groups served as a control to document the
comparability of the cohorts.

The single rescuer cohort consisted of 91 par-
ticipants, the two-rescuer cohort of 40 teams of
two. The single rescuer cohort was comprised of
third-year medical students from the Medical Uni-
versity Vienna; the two-rescuer cohort was made
up of flight attendants from Austrian Airlines. In
each cohort the initial method – BLS or use of the
MRD – was randomised, and participants had to
rest for thirty minutes between tests to avoid fa-
tigue. All participants were trained in the same
way in standard BLS and the use of the MRD, and
they had to pass the competence test7,8. All test
stations used the manikin Ambu®Man C (Ambu,
Ballerup, Denmark). One resuscitation study peri-
od lasted 12 minutes.

BLS was performed according to the 2005 Eu-
ropean Resuscitation Council (ERC) guidelines11. It
is worth noting that while the mode and work-
flow of resuscitation has not been changed for
the current guidelines, the targets regarding com-
pression depth and rate have been slightly modi-
fied. For chest compressions the participants were
positioned at the side of the manikin’s chest to
provide ventilation at the side of the head. The
two-rescuer teams changed positions every two

minutes. To provide ventilation, a size four face-
mask (Ambu® Silicon facemask size 4, Ambu,
Ballerup, Denmark) with a self-inflating bag (Am-
bu® Mark IV Adult, Ambu, Ballerup, Denmark) was
used.

The MRD was positioned, as recommended by
the manufacturer, on the manikin as already de-
scribed in detail7,8. Two scoop feeds have to be
pushed under the victim and a pressure stamp
lowered to the victim’s chest. Compression depth
is adjusted automatically by means of an adjust-
ment pin. Ventilation is achieved with an integrat-
ed spiro-set. A facemask is attached with straps to
a neck pillow placed under the victim’s neck to
ensure that the neck is hyper-extended. The cur-
rent airway pressure, which according to the
manufacturer should be 15 mm H2O, can be read
on the pressure manometer. The rescuer should
push the lever of the device at a rate of 100
min.–1 The device switches automatically after 30
chest compressions to execute two ventilations.
The resistance to the lever increases during venti-
lation; therefore ventilations are performed at a
much slower rate. Two rescuers do not have to
change positions to alternate tasks, as the lever
can be pivoted (Figure 1).

Data was recorded using the Ambu® CPR Soft-
ware™ (Version 2.3.9, Ambu, Ballerup, Denmark),
and an Excel® macro was designed specifically for
the analysis using Visual Basic (Visual Basic 6.3,
Excel 2003, Microsoft Corporation, Redmond,
WA, USA). The Excel® macro read the raw data
that the manikin had measured, detecting chest

Figure 1. Manikin with the MRD “Animax”®.
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compressions and ventilation, and processed the
data. The processing of the haemodynamic data
was done in 15-second fragments, ventilation in
one-minute fragments. A chest compression was
recognised when 10 mm compression depth was
exceeded. A ventilation was recorded if at least
50 ml were inflated.

ECR was calculated by multiplying “flow time
(FT)” and “effective compressions”. We consid-
ered 0.79 as the target value for optimal chest
compression. This value is based on current 2010
ERC guidelines12: Five complete cycles of 30 com-
pressions, 2 ventilations should last two minutes.
This is a total of ten ventilations. According to the
guidelines, two ventilations should not take longer
than five seconds. Therefore, the time allocated to
ventilation in the two-minute resuscitation cycle
should not be more than 25 seconds, or 12.5 sec-
onds in one minute. Therefore, the time allocated
to compression (FT) in one minute is 47.5 sec-
onds or 79.2% (or rounded to 79% flow-time and
21% no-flow time). Consequently, the optimal
ECR would be the product of 100% ECs and a FT
of 0.79 (ECR= 1.0 x 0.79 = 0.79)13.

Flow time: FT was the period during which
any kind of chest compressions were performed.
One compression cycle was judged as completed
if no further chest compression was detected dur-
ing 1.5 seconds following the last compression. 

Effective compression: A chest compression
was recorded as effective if the position of the
hands, the compression depth and the decom-
pression were correct as previously described in
detail7,8.

Parameters regarding haemodynamics were
compression depth, compression rate, EC and no-
flow time, for ventilation, ventilation time, tidal
volume and minute volume. The time required to
set up the device was also compared.

Results are stated as mean ± standard devia-
tion or frequencies and percentages. The two co-
horts (single vs. two rescuers) and a combination
of cohort and rescuers (MRD single vs. BLS two
rescuers) were compared with independent two-
sided t tests for metric and Chi2 test for categori-
cal variables. ECR of the different cohorts was
compared using a linear mixed effects model with
the study participants being the random variable.
Additionally, to consider the comparability of the
two cohorts and thus see a possible influence of
gender, age, weight and size on ECR and minute
volume, we used descriptive analyses. P-values of
less than 0.05 were considered statistically signifi-
cant. R Foundation for Statistical Computing (R
2.1.12, R development core team, Vienna, Aus-

tria), SPSS (SPSS 11.5, Chicago, IL, USA) and Ex-
cel® 2003 (Microsoft Corporation, Redmond, WA,
USA) were used for the analyses.

Results

Demographics of the two cohorts are shown in
Table 1. In every group we lost one data set due
to technical difficulties. Figure 2 shows the se-
quence of the testing.

The cohort of single rescuers achieved an ECR
of 0.57 ± 0.3, the cohort of two-rescuers
0.32 ± 0.3. This was significantly less (p < 0.001,
Table 2). The ECR decreased by 0.01 (2.2%) in
the single rescuer cohort and 0.004 (1.1%) in the
two-rescuer cohort per minute (p = 0.01) (Figure
3).

Haemodynamics. The single rescuer cohort
achieved significantly less compression depth
(41.8 ± 3.7 mm vs. 46.2 ± 6.9 mm, p < 0.001)
but relatively more ECs (66 ± 34 % vs. 38 ± 35
%, p < 0.001). There was no statistically signifi-
cant difference regarding compression rate and
no-flow time (Table 2).

Ventilation. The single-rescuer cohort achieved
a significantly higher tidal volume (360 ± 90 ml
vs. 330 ± 80 ml, p = 0.037). There was no differ-
ence regarding minute volume and ventilation
time (Table 2). The single rescuer cohort needed
significantly more time to set up the MRD and to
start chest compressions (48 ± 12 sec vs. 36 ± 14
sec, p < 0.001).

The cohort of single rescuers achieved an ECR
of 0.25 ± 0.2, the cohort of two rescuers
0.3 ± 0.2, p = 0.22 (Table 3).

The cohort of single MRD rescuers achieved an
ECR of 0.57 ± 0.3 compared to the cohort of two
rescuers BLS 0.3 ± 0.2, p < 0.001 (Table 4). The
ECR decreased by 0.01 (2.3%) in the single res-
cuer MRD cohort, but in the two-rescuer BLS co-
hort per minute only by 0.006 (1.9%) (p = 0.05).

Since the two cohorts differed significantly re-
garding age and gender because of the different
settings (medical students and flight attendants),
we studied the influence of the demographic fac-

Table 1. Demographics of participants

Single Two p-value
rescuer rescuers

Number of participants [n] 80 78 (39 teams) –
Gender [women%] 50 83 < 0.001
Age [years]* 23 ± 3 34 ± 7 < 0.001
Body mass index [kg/m2]* 22 ± 3 21 ± 3 0.76
*Data are presented as mean ± SD and compared using an unpaired t-
test, except for gender where a χ2-test was used.
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tors on ECR and minute volume in the two stan-
dard BLS groups. We found no difference regard-
ing age (ECR: R2 = 0.0006, minute volume:
R2 = 0.05), weight (ECR: R2 = 0.006, minute vol-
ume: R2 = 0.05), height (ECR: R2 = 0.02, minute

volume: R2 = 0.006), or gender (ECR: male vs. fe-
male 0.25 ± 0.19% vs. 0.26 ± 0.2%; minute vol-
ume: 1940 ± 959 ml vs. 2028 ± 1014 ml).

Discussion

The aim of our study was to compare the
quality of resuscitation performed according to
ERC guidelines9 using an MRD and the new pa-
rameter “effective compression ratio” in a single
rescuer or two-rescuer setting. Surprisingly, the
two-rescuer teams achieved significantly less ECR
compared to the single rescuers. ECR is a new pa-
rameter that we have introduced for this study
that encompasses the most relevant parameters of
chest compressions and therefore mirrors the effi-
ciency of chest compressions.

The main reason why the two rescuers
achieved significantly less ECR is mainly due to
the fact that they performed significantly less ECs.

Figure 2. Flow-chart participants.

Table 2. MRD Results

Single Two p-value
rescuer rescuers

Effective compression ratio* 0.57 ± 0.3 0.32 ± 0.3 < 0.001
Compression depth [mm] 41.8 ± 3.7 46.2 ± 6.9 < 0.001
Compression rate [Comp/min] 87 ± 10 91 ± 15 0.086
Effective compressions [%]** 66 ± 34 38 ± 35 < 0.001
Ventilation time [sec/min] 5.3 ± 1.7 5.1 ± 2 0.689
No-flow time [sec/min] 11.6 ± 3.9 10.5 ± 3.5 0.078
Tidal volume [ml] 360 ± 90 330 ± 80 0.037
Minute volume [ml] 1,860 ± 660 1,700 ± 710 0.232
Assembly time [sec] 48 ± 12 36 ± 14 < 0.001
Data are presented as mean ± SD and compared using an unpaired t-
test. *Effective compression ratio (ECR) was calculated by multiplying
“effective compressions” and “flow time”. **A chest compression was
recorded as “effective compression” if the hand position, the compres-
sion depth and the decompression were correct.
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In most cases this was related to the wrong pres-
sure point on the manikin’s chest. This could be
due to the design of the device. The two scoop
feeds do not optimally protect the device from
sliding and tilting, a phenomenon also know from
other MRDs14. It is likely that the pivoting of the
lever between the two rescuers led to more tilting
and sliding of the pressure stamp compared to
the lever being used mainly in the same position
by a single rescuer. This increased instability was
quite probably the reason for the low number of
ECs in the two-rescuer group. An advantage of
the device was less no-flow time in both MRD
groups compared to standard BLS. Less no-flow
time is solidly linked to a better outcome15-17. This
is due to the rescuer not having to change posi-
tion when alternating between chest compres-
sions and ventilations.

In both cohorts the low tidal and minute vol-
umes are notable, a fact that we have described
before7,8. In the meantime the manufacturer has
launched “animax mono”, which only does com-

pressions and is targeted at semi-professional or
professional rescuers.

According to the literature, standard BLS
shows a drastic decline in the quality of resuscita-
tion after three minutes5. MRDs were developed
to sustain high quality chest compressions over an
extended period. The MRD tested in our study
did not sufficiently satisfy this goal, as seen in the
evolution of ECR over time. Single rescuers started
compressions at an acceptable quality level, but
show a drastic decline over the first three min-
utes. However, single rescuers still performed bet-
ter overall than two rescuers.

As summarized in Table 4, indeed single res-
cuer were more efficient using the MRD than two
rescuers applying standard BLS measured by the
ECR (0.57 ± 0.3 vs. 0.3 ± 0.2, p < 0.001), and the
ECR decreased by 2.3% in the single rescuer MRD
cohort, compared to 1.9% in the two-rescuer BLS
cohort per minute (p = 0.05).

A major problem comparing the use of the
MRD and standard BLS is the time that is spent to

Figure 3. Evolution of the “Effective Compression Ratio (ECR)” over time – MRD.

Table 3. BLS Results 

Single Two p-value
rescuer rescuers

Effective compression ratio* 0.25 ± 0.2 0.3 ± 0.2 0.22
Compression depth [mm] 42.3 ± 7.9 43.7 ± 6.4 0.33
Compression rate [Comp/min] 107 ± 12 106 ± 12 0.6
Effective compressions [%]** 41.2 ± 33.5 35.9 ± 22.9 0.37
Ventilation time [sec/min] 4.1 ± 1.4 6.4 ± 2.1 < 0.001
No-flow time [sec/min] 24.7 ± 3.0 13.2 ± 3.5 < 0.001
Tidal volume [ml] 410 ± 130 460 ± 130 0.02
Minute volume [ml] 1,630 ± 720 2,740 ± 1,050 < 0.001
Data are presented as mean ± SD and compared using an unpaired t-
test. *Effective compression ratio (ECR) was calculated by multiplying
“effective compressions” and “flow time”. **A chest compression was
recorded as “effective compression” if the hand position, the compres-
sion depth and the decompression were correct.

Table 4. BLS two rescuers vs. MRD single rescuer Results

Single Two p-value
rescuer rescuers

Effective compression ratio* 0.3 ± 0.2 0.57 ± 0.3 < 0.001
Compression depth [mm] 43.7 ± 6.4 41.8 ± 3.7 0.09
Compression rate [Comp/min] 106 ± 12 87 ± 10 < 0.001
Effective compressions [%]** 35.9 ± 22.9 66 ± 34 < 0.001
Ventilation time [sec/min] 6.4 ± 2.1 5.3 ± 1.7 0.01
No-flow time [sec/min] 13.2 ± 3.5 11.6 ± 3.9 0.02
Tidal volume [ml] 460 ± 130 360 ± 90 < 0.001
Minute volume [ml] 2,740 ± 105 1,860 ± 660 < 0.001
Data are presented as mean ± SD and compared using an unpaired t-
test. *Effective compression ratio (ECR) was calculated by multiplying
“effective compressions” and “flow time”. **A chest compression was
recorded as “effective compression” if the hand position, the compres-
sion depth and the decompression were correct.
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assemble and to align the MRD at the start phase
of CPR. Important time necessary to convert car-
diac arrest into ROSC might be lost with the
MRD.

Since the MRD is manually powered, one res-
cuer is constantly tied to the device. Fully auto-
matic MRDs do not have this disadvantage. An-
other important aspect is the set-up time of the
device: The manufacturer claims that the set-up
takes 23 seconds (20 seconds for preparation and
three seconds to position the device on the pa-
tient). Participants in our studies needed 48 ± 12
seconds (single-rescuer) or 36 ± 14 seconds (two-
rescuers) (p < 0.001). During this time no chest
compressions are possible, which is another im-
portant disadvantage, since several studies have
shown that the time between cardiac arrest and
the start of BLS is directly related to survival1-3.

We examined two cohorts using an almost
identical study design. There were relevant differ-
ences regarding gender and age, but we did not
find any influence of these parameters on ECR or
minute volume. This is in accordance with prior
studies that showed that quality of chest com-
pressions is independent from the rescuer’s gen-
der5.

ECR and minute volume of the two cohorts
that did standard BLS achieved values comparable
to prior studies9,14,19-22 and comparing these two
groups, we found no difference regarding ECR
(Table 3). Interestingly, we found that the two
rescuers achieved significantly less no-flow time
compared to the single rescuers, but the two
groups did not differ regarding ECs (Table 3).

The strength of our study is the detailed analy-
sis of haemodynamic and ventilatory parameters,
which is impossible using the standard software.
The time-dependent analysis was possible using a
special Excel® macro, which did a beat-to-beat
analysis and is able to collect and calculate many
more parameters. The detailed description of the
use of the macro and its application to calculate
ECR is described elsewhere13.

The new parameter ECR that we introduced
encompasses the most relevant measurements
that describe chest compression and distils them
into a single number. This product of the percent-
ages of ECs and FT can range between 0, if there
is no chest compression and 1 during compres-
sion-only CPR. Since the guidelines recommend
that ventilation should take five seconds, an opti-
mal ECR would be 0.79. In our study, neither us-
ing an MRD as a single rescuer nor working in a
team of two rescuers came close to attaining this
index number. We believe that ECR is an interest-

ing parameter, since it made it possible to directly
compare complex haemodynamic parameters
with one characteristic in different resuscitation
studies for the first time.

The results of this study on manikins cannot
necessarily be extrapolated to humans in cardiac
arrest. The manufacturers of the MRD claim that
the device slides more readily on a manikin com-
pared to humans due to the manikin’s back being
flatter, resulting in more misplaced compressions.
In the absence of any study on humans, we can-
not comment on this.

In conclusion, the MRD Animax™ was superior
regarding the new parameter ECR in a single res-
cuer setting compared to two rescuers and com-
pared to standard BLS. ECR decreased substantial-
ly during the first three minutes, when single
rescuers used the MRD. However, single rescuers
performed better than two rescuers overall. De-
spite the set-up time of the device that delayed
the start of chest compressions compared to stan-
dard BLS, use of the MRD resulted in less no-flow
time compared to standard BLS both in the single
and the two-rescuer setting. Before this MRD be-
comes used more widely, the device should be
tested on animals and humans to determine its
safety, efficiency and potential harm to the pa-
tients compared to other MRDs and BLS.
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Estudio comparativo con maniquís entre uno o dos rescatadores usando un dispositivo
de resucitación mecánico

Fischer H, Stumpf D, Neuhold S, Frantal S, Rützler K, Rinösl H, Hochbrugger E, Theiler L, Greif R

Objetivo: Comparar la eficacia del dispositivo mecánico de reanimación (DMR) Animax (dispositivo con accionamien-
to manual de resucitación cardiopulmonar) basado en el nuevo parámetro de relación de compresión efectiva. Hemos
analizado las diferencias cuando este DMR lo usan uno o por dos socorristas en maniquís.
Método: Se realizó un estudio de cohorte comparativo. Los datos de estudios anteriores se analizaron y compararon
utilizando Excel macro. Para comparar la calidad de la reanimación, se introdujo el parámetro de relación de compre-
sión efectiva (RCE) que integra parámetros relevantes para una resucitación eficaz.
Resultados: Un solo rescatador logró una mayor RCE (0,57 ± 0,3 vs 0,32 ± 0,3, p < 0,001), pero con un descenso
más rápido de la misma (2,2% frente a 1,1% por minuto, p = 0,01) y menos profundidad de compresión (41,8 ± 3,7
vs 46,2 ± 6,9 mm, p < 0,001). La RCE disminuye 0,01 (2,3%) en la cohorte de rescatador único y 0,004 (1,1%) en la
cohorte de dos rescatadores (p = 0,01).
Conclusión: En el dispositivo Animax®, el parámetro RCE es mejor con un rescatador que con dos. En comparación, la
disminución de la RCE en los rescatadores individuales fue más pronunciada en los primeros tres minutos. Antes de
usar este dispositivo son precisos estudios clínicos de seguridad y eficacia en los pacientes. [Emergencias 2013;25:278-
284]

Palabras clave: Soporte vital básico. Dispositivo de resucitación mecánica. Relación compresión efectiva.


