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Abstract

Introduction: Inspiratory tidal volume is directly dependent on the compliance of the lung and the pressure in the airways. Lung compliance 
is the ratio between tidal volume and pressure (tidal volume/plateau pressure minus PEEP) and is inversely proportional to elastance. The use of 
mechanical devices for performing chest compressions increases intrathoracic pressure, which reduces tidal volume and reduces alveolar ventila-
tion. In our study, we compared two mechanical chest compression devices with different biomechanical effects. We monitored lung dynamics and 
mechanical ventilation effectiveness during resuscitation.

Methods: In the experimental study, we performed mechanical ventilation with a ventilator on a high-performance manikin via an endotracheal 
tube in the control group. In the first test group, in addition to mechanical ventilation with a ventilator, we also performed asynchronous chest com-
pressions with Lucas®, and in the second test group with Autopulse®. The experiment lasted 4 minutes, with three repetitions. We measured the 
parameters inspiratory tidal volume, maximum inspiratory pressure and static lung compliance instrumentally. We used descriptive statistics tests, 
Kolmogorov-Smirnov test, Mann Whitney test, correlation tests and a simple linear regression model.

Results: In the control group, there were no clinically significant differences between the set (Vt: 500 ml) and measured inspiratory tidal 
volumes (498 ml ± 0.19). The device with active decompression enabled statistically significantly higher tidal volumes (365 ml ± 8.59) than the 
device without active decompression (237 ml ± 83.7). With the device with active decompression, the relationship between lung compliance and 
inspiratory tidal volumes was weak (R = 0.14). With the device without active decompression, this relationship was extremely strong (R = 0.937), 
the regression model explained 93% of the variability in volumes relative to static lung compliance.

Discussion and Conclusion: The results clearly show that mechanical chest compressions significantly affect the effectiveness of mechanical 
ventilation. A device with active decompression reduces the negative impact of increased intrathoracic pressure and allows for better alveolar ven-
tilation. In contrast, a device without active decompression causes a marked decrease in inspiratory tidal volumes, which are strongly dependent on 
lung compliance. The study thus fills an important gap in the understanding of the interaction between mechanical compressions and ventilation 
and emphasizes the need for further clinical research and the development of recommendations for optimal ventilation when using mechanical 
devices for performing chest compressions during resuscitation.
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Introduction
The interaction of compressions and mechanical ventilation 

during resuscitation is complex. The goal of performing quality 
chest compressions is to ensure adequate tissue and organ perfusion 
during resuscitation and adequate oxygen delivery [1,2]. Lucas®3 
Chest Compression System (Physio-Control Inc., USA) uses a piston 
that moves up and down to provide active compression and active 
decompression. The piston is mounted on a frame that is attached 
to a rigid board that is placed underneath the patient. Autopulse® 
device (Autopulse® Resuscitation System, Zoll Circulation Inc., 
USA) consists of a strap that contracts and expands around the chest 
with an equal load distribution, thus imitating the performance of 
manual chest compressions. The strap is placed on the baseboard 
on which the patient lies. Depending on the circumference of 
the chest, the device automatically shortens or lengthens this 
strap, ensuring effective compressions. The compression phase is 
therefore active and occurs when the strap contracts or tightens, 
while the decompression phase is passive, when the device releases 
pressure on the strap. Due to these two different operating effects, 
their impact on ventilation is also different. Two adverse effects of 
mechanical ventilation occur during chest compressions. With an 
unprotected airway, the risk of regurgitation of gastric contents 
and the possibility of esophageal or gastric rupture increases due 
to higher intrathoracic pressures. With a definitive airway with an 
endotracheal tube, the risk of pulmonary barotrauma increases 
due to high inspiratory pressures caused by chest compressions 
[3]. Positive pressure ventilation increases intrathoracic pressure, 
reduces venous blood flow to the right heart, and increases 
resistance to ejection [4]. The recommended tidal volume for 
adults remains 500-600 ml. At a tidal volume of approximately 
380 ml, chest rise is observed, which is a criterion for the clinical 
assessment of the adequacy of tidal volume [5]. Increasing tidal 
volumes during resuscitation increases intrathoracic pressure and 
decreases venous return to the right heart, increases pulmonary 
vascular resistance, decreases cardiac output and coronary blood 
flow, and lowers aortic pressure [6]. Hypoxia impairs myocardial 
contractility and increases susceptibility to arrhythmias. 
Hypercapnia and the resulting acidosis also reduce myocardial 
contractility, increase pulmonary vascular resistance, and cause 
cerebral vasodilation [7]. The inspiratory tidal volume is indirectly 
dependent on lung compliance and airway pressure. Lung 
compliance is the ratio of tidal volume to pressure (tidal volume/
plateau pressure minus PEEP) and is inversely proportional 
to elastance. When using a mechanical device for performing 
chest compressions without active decompression (Piston®), 
with volume-controlled ventilation with transport ventilators 
(Medumat®, Oxylog 3000®, Monnal T60®), significantly lower 
tidal volumes than set were achieved, but their values exceeded the 
anatomical dead space and probably provided part of the effective 
alveolar ventilation [8]. Hypoxia and hypercapnia may be the result 
of ineffective ventilation due to the influence of mechanical devices 
for performing chest compressions during resuscitation. Despite 

the known negative effects of hypoxia during resuscitation, there 
are few studies with evidence of achieving sufficient tidal volumes 
when using mechanical devices for performing chest compressions 
during resuscitation. Therefore, in our study, we aimed to examine 
the biomechanical effect of the Lucas® and Autopulse® devices on 
pulmonary dynamics during resuscitation.

Methods
We made the research with a quantitative methodological 

approach. We used a descriptive causal experimental research 
method, with a control and two test groups. The experiment was 
conducted in a controlled simulation environment. A repeated 
measures design was used. The principles of reliability, validity 
and repeatability were taken into account. A high-performance 
resuscitation manikin was intubated using the direct laryngoscopy 
method with an endotracheal tube ID 8.0. The Cuff was inflated and 
the pressure in the cuff was set to 25 cmH2O using Tracoe® (Tracoe® 
cuff pressure monitor, GmbH, Germany). The tube was then secured 
at a depth of 21 cm. A Hamilton G5® ventilator (Hamilton G5®, 
Hamilton Medical Inc., USA) was used for mechanical ventilation. 
In the control group, we selected the volume-controlled type of 
mechanical ventilation (S)CMV and set the following parameters: 
frequency 10 x/min, Vt 500 ml, I: E = 1:5, FiO2 100%, pmax 60 
cmH2O. Mechanical ventilation was performed for 4 minutes. The 
experiment was repeated three times.

In the first test group, during mechanical ventilation, the Lucas® 
device was installed, as required by the device manufacturer in 
the instructions for use. We selected the asynchronous mode of 
operation (i.e., continuous mode without pauses for breaths). The 
experiment was performed for 4 minutes, with three repetitions. 
We measured the inspiratory tidal volume, static lung compliance 
and maximum inspiratory pressure instrumentally via a flow sensor 
(Hamilton® flow sensor, Hamilton Medical Inc., USA). In the second 
test group, during mechanical ventilation, the Autopulse® device 
(Autopulse® Resuscitation System, Zoll Circulation Inc., USA) was 
installed, as required by the device manufacturer in the instructions 
for use. We selected the asynchronous mode of operation (i.e., 
continuous mode without pauses for breaths). The experiment 
was performed for 4 minutes, with three repetitions. We measured 
the inspiratory tidal volume, static lung compliance and maximum 
inspiratory pressure instrumentally via a flow sensor (Hamilton® 
flow sensor, Hamilton Medical Inc., USA). The data were analyzed 
using the IBM SPSS Statistics, version 27.0 statistical program (SPSS 
Inc., Chicago, 2021). Numerical variables were analyzed using 
descriptive statistics. The normal distribution was evaluated as a 
comparison between the skewness and kurtosis coefficients. The 
comparison of the frequency of occurrence of the studied variable 
in the sample data (empirical frequencies) with the frequency 
of occurrence of the normal distribution of the variable with the 
same arithmetic mean and standard deviation of the studied 
empirical distribution was checked using the Kolmogorov-Smirnov 
test. To check the relationship between the dependent variable 
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(tidal volume) and the independent variable (lung compliance), 
a statistical test using linear regression was used. The strength of 
the linear relationship between the variables was assessed using 
the values of the correlation and determination coefficients. The 
quality of the regression model as a whole was checked using the 
F test, and the statistically significant influence of the independent 
variable (explanatory) was checked using the t test.

Results
Control Group Results

In the control group, the set tidal volume was 500 ml. The mean 
value of the measured tidal volumes (n=123) was 497 ± 2.15 ml. 
The median value of the measured tidal volumes (n=123) was 498 
ml (IQR=2). The mean value and the median are approximately the 
same. The skewness parameter is 0.714, and the kurtosis parameter 
is 2.782. The mean value of the measured static lung compliance 
(n=123) was 44.26 ± 1.02 ml/cmH2O. The median value of the 
measured static lung compliance (n=123) was 44 ml/cmH2O 
(IQR=2). The mean value and the median are approximately the 
same. The skewness parameter is 0.30, and the kurtosis parameter 
is -0.84. The average measured value of the maximum inspiratory 
pressure (n=123) is 16 ± 0.00 cmH2O. The median of the measured 
values of the maximum inspiratory pressure (n=123) is 16 cmH2O 
(IQR=0). The average value and the median are the same. The 
skewness parameter is 0.00, and the kurtosis parameter is also 
0.00. To check the normality of the distribution of the variable 
tidal volume in the control group, the Kolmogorov–Smirnov test 
with Lilliefors correction and the Shapiro–Wilk test was used. The 
results of the Kolmogorov–Smirnov test (D=0.173, N=123, p<0.05) 
and the Shapiro-Wilk test (W=0.903, N=123, p<0.001) show that 
the distribution of the variable inspiratory tidal volume in the 
control group deviates statistically significantly from the normal 
distribution.

First Test Group Results

The mean value of the measured tidal volumes in the first test 
group (n=123) is 365 ± 8.59 ml. The median value of the measured 
tidal volumes (n=123) is 368 ml (IQR=3). The mean value and the 
median are approximately the same. The skewness parameter is 
-2.393, and the kurtosis parameter is 5.396. The mean value of the 
measured static lung compliance in the first test group (n=123) is 
43.95 ± 0.19 ml/cmH2O. The median of the measured static lung 
compliance values (n=123) is 43.9 ml/cmH2O (IQR=1.2). The mean 
value and the median are approximately the same. The skewness 
parameter is 0.018, and the kurtosis parameter is 21.55. The 
average measured value of the maximum inspiratory pressure in 
the first test group (n=123) is 16.16 ± 0.033 cmH2O. The median 
of the measured values of the maximum inspiratory pressure 
(n=123) is 16 cmH2O (IQR=0). The average value and the median 
are approximately the same. The skewness parameter is 1.85, and 
the kurtosis parameter is 1.45. Based on descriptive statistics and 
graphical representation, we assessed that the measured values of 

tidal volume were not normally distributed, which was proven with 
the Kolmogorov-Smirnov test. The results showed a statistically 
significant deviation from the normal distribution (D = 0.321; p < 
0.001).

Second Test Group Results

The mean value of the measured tidal volumes in the test 
group (n=123) is 273 ± 83.711 ml. The median of the measured 
tidal volumes (n=123) is 211 ml (IQR=50). The mean value and 
the median are not approximately equal. The skewness parameter 
is 0.877, and the kurtosis parameter is 0.396. The mean value of 
the measured static lung compliance in the test group (n=123) is 
30.27 ± 3.33 ml/cmH2O. The median of the measured static lung 
compliance values (n=123) is 12.3 ml/cmH2O (IQR=1.2). The mean 
value and the median are not approximately equal. The skewness 
parameter is 1.388, and the kurtosis parameter is 0.035. The 
average measured value of the maximum inspiratory pressure in 
the test group (n=123) is 44.75 ± 0.264 cmH2O. The median of the 
measured values of the maximum inspiratory pressure (n=123) 
is 45 cmH2O (IQR=0). The average value and the median are 
approximately the same. The skewness parameter is 0.148, and 
the kurtosis parameter is 1.079. Based on descriptive statistics 
and graphical display, we estimated that the measured values of 
the tidal volume are not normally distributed, which was proven 
by the Kolmogorov-Smirnov test. The test showed a statistically 
significant deviation from the normal distribution (D = 0.253; p < 
0.001). The data are shown in Table 2.

Correlation between Lung Compliance and Tidal Volume 
in First and Second Test Group

Using a bivariate correlation test, we examined the relationship 
between lung compliance variables and tidal volume in the first and 
second test groups and compared them with each other. Pearson 
correlation analysis showed a statistically significant positive 
correlation between the variables inspiratory tidal volume and 
static lung compliance within each control group. In the second 
test group using the Autopulse® device (Autopulse® Resuscitation 
System, Zoll Circulation Inc., USA), a very strong positive correlation 
was found (r = 0.937; p < 0.001), indicating a high degree of linear 
correlation between the two variables. In the first test group using 
the Lucas®3 device (Lucas®3, Chest Compression System, Physio-
Control Inc., USA), a moderate positive correlation was found 
between inspiratory tidal volume and static lung compliance (r = 
0.380; p < 0.001), which is also statistically significant (Graphs 1 
& 2).

Linear Regression of the Dependence of Tidal Volume on 
Static Lung Compliance in The First Test Group

The regression constant is 297.148 and the regression 
coefficient is 1.55. The obtained data of the regression constant and 
the regression coefficient were inserted into the equation of the 
linear function, and the linear regression model was written as: y 
(VTINSPLucas®3) = 297 + 1.55 x cstat Lucas®3 
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Notes*: The results are shown in the scatter diagram as frequencies. 
Abbreviations: CSTATLUCAS: Static Lung Compliance in the first test group, expressed in ml/cmH2O; VTINSPLUCAS: Inspiratory Tidal Volume 

in The First Test Group, Expressed in ml.
Graph 1: Scatterplot between the variable static lung compliance and tidal volume in the first test group.

Notes*: The results are shown in the scatter diagram as frequencies. 
Abbreviations: CSTATLUCAS: Static Lung Compliance in the first test group, expressed in ml/cmH2O; VTINSPLUCAS: Inspiratory Tidal Volume 

in The First Test Group, Expressed in ml.
Graph 2: Scatterplot between the variable static lung compliance and tidal volume in the second test group.
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The data are shown in Table 1.

Table 1: Simple Linear Regression of the Dependence of tidal volume on static lung compliance in the first test group.

Model

B

Unstandardized Coefficients Standardized Coefficients t Sig.

Std. Error Beta    

1 (Constant) 2,97,148 15,169   19,589 0

  CSTAT Lucas®3 (Lucas®3, Chest Compression System, 
Physio-Control Inc., USA) 1,555 345 380 4,512 0

a. Dependent Variable: VTINSP Lucas®3 (Lucas®3, Chest Compression System, Physio-Control Inc., USA)

Notes*: Static lung compliance has a positive and statistically significant effect on the achieved tidal volume in the first test group. An increase in 
static lung compliance by 1 unit leads to an increase in inspiratory tidal volume by approximately 1.56 units. The standardized coefficient (Beta = 0.38) 
indicates that the effect is moderately strong. 

Abbreviations: B: Coefficient of the Regression Equation (Indicates how much the dependent variable changes when the independent variable in-
creases by one unit); Std. Error: Standard Error (Of the B Coefficient, Which Measures the precision of the Estimate); Beta: Standardized Coefficient 
(Shows the Strength of the Influence of the Independent Variable Regardless of the Units of Measurement); t: Test Statistic (To check whether the 
Coefficient is Statistically Different From 0); p: Statistical Significance.

Linear Regression of the Dependence of Tidal Volume on 
static lung compliance in the second test group

The regression constant is 172.862, and the regression 
coefficient is 2.119. The obtained data of the regression constant 

and the regression coefficient were inserted into the equation of 
the linear function, and the linear regression model was written 
as: y (VTINSP Autopulse®) = 172.862 + 2.119 x the value of cstat 
Autopulse® 

The data are shown in Table 2.
Table 2: Simple linear regression of the dependence of tidal volume on static lung compliance in the second test group.

Coefficientsa

Model

B

Unstandardized Coefficients Standardized Coefficients t Sig.

Std. Error Beta    

1 (Constant) 1,72,862 3,415   50,624 0

  Autopulse® (Autopulse® Resuscitation 
System, Zoll Circulation Inc., USA) 2,119 72 937 29,608 0

a. Dependent Variable: VTINSPAUTOPULSE

Notes*: A change in the independent variable static lung compliance in the second test group by one unit increases the inspiratory tidal volume by 
2.119 units. The Beta value of 0.937 indicates a very strong positive effect. The effect is extremely statistically significant (p < 0.001). 

Abbreviations: B: Coefficient of the Regression Equation (Means How Much the Dependent Variable Changes If the Independent Variable Chang-
es By 1 Unit); Std. Error: Standard Error of the B Coefficient (Measures the Precision of the Estimate); Beta: Standardized Coefficient (Shows the 
Strength of the Influence of the Independent Variable Regardless of the Units of Measurement); t: Test Statistic (To Check whether the Coefficient Is 
Statistically Different From 0); p: Statistical Significance.

Discussion
The main findings in our study are: 1. There are no clinically 

significant differences between set and achieved tidal volumes 
when using ventilation without chest compressions; 2. A mechanical 
chest compression device with active decompression allows for 
statistically significantly higher tidal volumes compared to a chest 
compression device without active decompression; 3. When using 
a mechanical chest compression device with active decompression, 
the relationship between lung compliance and tidal volume is 

weak (R = 0.14); 4. When using a mechanical chest compression 
device without active decompression, the relationship between 
compliance and volume is extremely strong (R = 0.937).

For effective alveolar ventilation, after establishing a secure 
airway in patients in cardiac arrest, a maximum of 10 breaths per 
minute and inspiratory tidal volumes between 500 and 600 ml should 
be provided to ensure adequate minute alveolar ventilation [9]. In 
our experiment, we found that the average tidal volume achieved, 
where there was no effect of chest compressions, was 497 ± 2.15 
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ml. Taking into account the fact that the dead space in mechanical 
ventilation of adults is 150 ml, we can state that the tidal volume of 
alveolar ventilation in this case is 347 ml, which represents 70% 
of the total tidal volume. Average tidal volume where the Lucas®3 
device was used (Lucas®3, Chest Compression System, Physio-
Control Inc., USA) was 365 ± 8.59 ml. Taking into account the fact 
that the dead space in mechanical ventilation of adults is 150 ml, we 
can say that the tidal volume of alveolar ventilation is 215 ml (which 
represents 59% of the total tidal volume). The average tidal volume, 
where the Autopulse® device was used (Autopulse® Resuscitation 
System, Zoll Circulation Inc., USA), was 273 ± 83.711 ml. Taking 
into account the fact that the dead space in mechanical ventilation 
of adults is 150 ml, we can state that the tidal volume of alveolar 
ventilation is 123 ml (which represents 45% of the total tidal 
volume). The Autopulse® device works by moving the entire chest 
over the compression belt and without an active decompression 
component. As a result, the chest passively returns to its original 
position after compression, which in conditions of low compliance 
causes a significant reduction in intrathoracic expansion (chest 
expansion) and limits the delivered tidal volume [10]. Passive 
rebound of the chest wall is therefore the only force that causes 
decompression of the chest after the cessation of compression. 
Importantly, oxygen delivery to the brain during resuscitation does 
not differ between patients receiving manual chest compressions 
and those receiving mechanical devices during resuscitation 
[11,12]. Similarly, survival after discharge from hospital of patients 
who have suffered out-of-hospital cardiac arrest does not differ 
between those receiving mechanical devices for compressions 
[13]. Lung compliance is the ratio of tidal volume to pressure 
(tidal volume/plateau pressure minus PEEP) and is inversely 
proportional to elastance [14]. Thus, if tidal volume increases at 
constant pressure, static lung compliance will increase and vice 
versa. Increased tidal volumes and increased inspiratory pressures 
during resuscitation lead to increased morbidity and mortality from 
acute lung injury [15], and limiting peak inspiratory pressure poses 
a risk of inadequate tidal volumes during resuscitation. Measuring 
lung compliance during controlled ventilation provides a good 
insight into the mechanics of the lungs and chest and the dynamics 
of lung inflation. In addition, the driving pressure at a selected tidal 
volume depends on lung compliance. This is a key risk indicator 
for ventilator-induced lung injury. The product of lung compliance 
and resistance represents a time constant that represents the 
opening of the alveoli per unit of time [16]. According to literature 
data, static lung compliance in patients during resuscitation is 
22-51 cmH2O, which is comparable to the results of static lung 
compliance from our study. Also, under simulated resuscitation 
conditions, an average static lung compliance value of 36 cmH2O 
was measured on the Laerdal Resusci AnneTM manikin (Laerdal 
AS, Copenhagen, Denmark) [17], which is also comparable to the 
data from our study. A simple linear regression test showed that 
the regression constant was 172.862 and the regression coefficient 
was 2.119. Such a high correlation indicates that the Autopulse® 

mechanical device (Autopulse® Resuscitation System, Zoll 
Circulation Inc., USA) does not have biomechanical mechanisms 
that would compensate for the low static lung compliance. As a 
result, the volumes are highly dependent on the stiffness of the 
lung model. The mechanics of the belt, which compresses the entire 
chest, cause a significant increase in intrathoracic pressure, which 
further reduces the inspiratory tidal volume during the delivery of 
the tidal volume. The literature on the use of mechanical devices 
for performing chest compressions without active decompression 
similarly emphasizes the high sensitivity of these devices to chest 
elasticity, lower inspiratory tidal volumes with reduced static 
lung compliance, and greater variability of maximum inspiratory 
pressures, which was also demonstrated in our study. The mean 
values of maximum inspiratory pressures measured in the test 
group are comparable to the values in cadavers, where the mean 
value of maximum inspiratory pressures was 32.4 cmH2O [18].

Mann-Whitney test demonstrated statistically significant 
differences in the average values of the inspiratory tidal volumes 
between the first and second test groups (U=2739.500; p=0.000), 
and in addition, to assess the adequacy of alveolar ventilation, it is 
necessary to take into account the fact that in the second test group 
it is lower than the tidal volume of dead space. In this case, effective 
alveolar ventilation is not ensured, the ventilation-perfusion 
ratio, which is the basic condition for gas exchange, is disrupted. 
The results of our study have important implications for clinical 
practice, especially in situations where resuscitation is performed 
in conditions of reduced compliance, such as: acute respiratory 
distress, severe bronchoconstriction, pulmonary edema and 
traumatic chest injuries. A limitation of the study is that the lungs 
in the simulation model are do not completely reflect the human 
lung in a human at cardiac arrest [19].

Conclusion
Our study clearly shows that mechanical devices for 

performing chest compressions significantly affect the 
effectiveness of mechanical ventilation. Therefore, monitoring 
of mechanical ventilation parameters during the performance 
of chest compressions with mechanical devices is justified. We 
have demonstrated that a mechanical chest compression device 
with active decompression enables statistically and clinically 
significant more stable ventilation compared to mechanical chest 
compression devices without active decompression. This stability 
is reflected in higher values of inspiratory tidal volumes and 
significantly lower variability of these values, which is crucial for 
maintaining adequate alveolar ventilation and oxygenation during 
cardiopulmonary resuscitation. Adequate ventilation during this 
period directly affects gas exchange, intrathoracic pressures and 
indirectly also the hemodynamic efficiency of resuscitation. We 
have found that mechanical chest compression devices without 
active decompression can cause a marked decrease in delivered 
tidal volume. Such a decrease has important pathophysiological 
consequences in real clinical situations, as it can lead to 
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hypoventilation, carbon dioxide accumulation (hypercapnia), and 
poor oxygenation, all of which negatively affect the outcome of 
resuscitation. Of particular concern is the fact that the decrease in 
tidal volume when using mechanical devices for chest compressions 
without active decompression is not necessarily clinically apparent 
and is difficult to detect without careful monitoring of ventilation 
parameters, which increases the risk of inadequate oxygenation 
and ventilation during cardiopulmonary resuscitation. The strong 
correlation between the inspiratory tidal volume and static 
lung compliance when using mechanical devices without active 
decompression indicates that the functioning of these systems is 
strongly dependent on the biomechanical properties of the chest 
and lungs. Such devices are therefore more suitable for patients with 
normal or increased static lung compliance, and significantly less 
so for patients with reduced lung compliance or a rigid chest, such 
as patients with acute respiratory distress syndrome, pulmonary 
edema, or patients after long-term mechanical ventilation. Our 
study thus provides important biomechanical and ventilatory 
insights that have potential implications for clinical practice, future 
research development, and the selection and use of resuscitation 
devices. The results emphasize the importance of an individualized 
approach to ventilation during resuscitation and the necessity of 
adapting ventilation strategies according to the mechanical chest 
compression system used and the characteristics of the patient’s 
respiratory system and lungs. Further research in clinical models 
will be needed to confirm these findings and to define optimal 
ventilation protocols in combination with different mechanical 
chest compression devices.

Limitation
As with all simulation studies, caution is required when 

interpreting the results and applying them to a clinical setting. An 
artificial chest model cannot fully mimic the elastic properties of the 
human chest. Lung compliance in the simulation model is stable, 
but in real patients it changes dynamically during resuscitation. 
The influence of intrathoracic pressures and lung perfusion cannot 
be accurately assessed in this simulation model. Nevertheless, the 
simulation model allows for a very precise analysis of the mechanics 
of ventilation and is therefore relevant.
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