N

N

Gastric insufflation during cardiopulmonary
resuscitation: A study in human cadavers
Dominique Savary, Ian R. Drennan, Bilal Badat, Domenico L. Grieco, Thomas
Piraino, Arnaud Lesimple, Emmanuel Charbonney, Caroline Fritz, Stephane
Delisle, Paul Ouellet, et al.

» To cite this version:

Dominique Savary, lan R. Drennan, Bilal Badat, Domenico L. Grieco, Thomas Piraino, et al.. Gastric
insufflation during cardiopulmonary resuscitation: A study in human cadavers. Resuscitation, 2020,
146, pp.111-117. 10.1016/j.resuscitation.2019.10.014 . hal-03489766

HAL Id: hal-03489766
https://hal.science/hal-03489766
Submitted on 7 Mar 2022

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.

Distributed under a Creative Commons Attribution - NonCommercial 4.0 International License


https://hal.science/hal-03489766
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://hal.archives-ouvertes.fr

Version of Record: https://www.sciencedirect.com/science/article/pii/S030095721930663X
Manuscript_974be4308efaa46c19145791b3d5efac

~N OB W

oo

10
11

12

13
14

15
16

17
18
19
20

21
22

23
24

25

26

27
28

29
30

GASTRIC INSUFFLATION DURING CARDIOPULMONARY RESUSCITATION: A STUDY IN HUMAN
CADAVERS

Dominique Savary, lan R Drennan, Bilal Badat, Domenico L Grieco, Thomas Piraino, Arnaud
Lesimple, Emmanuel Charbonney, Caroline Fritz, Stephane Delisle, Paul Ouellet, Alain Mercat,
Gilles Bronchti, Laurent Brochard, Jean-Christophe Richard on behalf of the CAVIAR group*.

D Savary - SAMU49, Emergency Department, Angers University Hospital, Angers, France —
Corresponding Author : dsavary74@gmail.com

IR Drennan — ACP BScHK PhD(c), Li Ka Shing Knowledge Institute, St. Michael’s Hospital; Institute
of Medical Science, University of Toronto, Toronto, Ontario Canada

B Badat - Air Liquide Medical Systems, Antony, France

DL Grieco - Department of Anesthesiology and Intensive Care Medicine, Catholic University of
The Sacred Heart, Fondazione Policlinico Universitario A. Gemelli IRCCS, Rome, Italy.

T Piraino - Department of Respiratory Therapy, St. Michael’s Hospital, Toronto, Ontario, Canada.
Division of Critical Care, Department of Anesthesia, McMaster University, Hamilton, Ontario

A Lesimple - Institute of Bioengineering, Swiss Federal Institute of Technology (EPFL), Lausanne
E Charbonney - Département de médecine, Faculté de Médecine, Université de Montréal,
Montréal, Canada

Laboratoire d’anatomie, Université du Québec a Trois-Rivieres (UQTR), Trois-Rivieres, Canada

C Fritz - Department of Anesthesia and Critical Care Medicine, European Hospital Georges
Pompidou, AP-HP, Paris, France / INSERM URM_1116, Team 2, Lorraine University, France

S Delisle - Faculty of Medicine of the University Department of Family Medicine and Emergency
Medicine, Université de Montréal

P Ouellet - Vitalité Health Network, North West Zone, Edmundston, Canada.
A Mercat - Critical Care Department, Angers University Hospital, Angers, France

G Bronchti - Laboratoire d'anatomie, Université du Québec a Trois-Riviéres et CIUSSS MCQ,
Trois-Rivieres, Canada.

L Brochard - Interdepartmental Division of Critical Care Medicine, University of Toronto,
Toronto, Canada.

© 2019 published by Elsevier. This manuscript is made available under the CC BY NC user license
https://creativecommons.org/licenses/by-nc/4.0/


https://www.elsevier.com/open-access/userlicense/1.0/
https://www.sciencedirect.com/science/article/pii/S030095721930663X
https://creativecommons.org/licenses/by-nc/4.0/
https://www.sciencedirect.com/science/article/pii/S030095721930663X

31
32

33

34
35

36

Keenan Research Centre for Biomedical Science, Li Ka Shing Knowledge Institute, St. Michael's
Hospital, Toronto, Canada

JC Richard - SAMU74, Emergency Department, General Hospital of Annecy, Annecy, France.

* CAVIAR (Cardiac Arrest and Ventilation International Association for Research) INSERM 955,
Créteil, France



37

38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64

Abstract: Introduction:

Bag-valve-mask ventilation is the first-line ventilation method during cardiopulmonary
resuscitation (CPR). Risks include excessive volume delivery and gastric insufflation, the latter
increasing the risk of pneumonia. The efficacy of ventilation can also be reduced by airway
closure. We hypothesized that continuous chest compression (CC) could limit the risk of gastric
insufflation compared to the recommended 30:2 interrupted CC strategy. This experimental
study was performed in human “Thiel” cadavers to assess the respective impact of discontinuous
vs. continuous chest compressions on gastric insufflation and ventilation during CPR.

Methods:

The 30:2 interrupted CC technique was compared to continuous CC in 5 non-intubated cadavers
over a 6 minute-period. Flow and Airway Pressure were measured at the mask. A percutaneous
gastrostomy allowed measuring the cumulative gastric insufflated volume. Two additional
cadavers were equipped with esophageal and gastric catheters instead of the gastrostomy.
Results:

For the 7 cadavers studied (4 women) median age of death was 79 [74-84] years.

After 6 minutes of CPR, the cumulative gastric insufflation measured in 5 cadavers was markedly
reduced during continuous CC compared to the interrupted CC strategy: (1.0 [0.8-4.1] vs. 5.9
[4.0-5.6] L; p<0.05) while expired minute ventilation was slightly higher during continuous than
interrupted CC (1.9 [1.4-2.8] vs. 1.6 [1.1-2.7] L/min; P<0.05).

In 2 additional cadavers, the progressive rise in baseline gastric pressure was lower during
continuous CC than interrupted CC (1 and 2 cmH,0 vs. 12 and 5.8 cmH;0).

Conclusion:

Continuous CC significantly reduces the volume of gas insufflated in the stomach compared to
the recommended 30:2 interrupted CC strategy. Ventilation actually delivered to the lung is also
slightly increased by the strategy.

Keywords: Cardio pulmonary resuscitation; Chest compression; Gastric insufflation; Esophageal

pressure
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1. Introduction

Survival from out-of-hospital cardiac arrest depends on the rapid initiation of cardiopulmonary
resuscitation (CPR) and defibrillation to maintain perfusion to vital organs and promptly restore
spontaneous circulation(1). The importance of high-quality CPR is strongly emphasized by the
International Liaison Committee on Resuscitation but there is considerable debate around the
role of ventilation during CPR. Current guideline recommendations are to provide chest
compressions and bag-valve-mask ventilation in a 30:2 ratio for adult patients in the absence of
an advanced airway (2). Studies have not shown that performing continuous chest compressions
with regular, interspersed ventilation cycles resulted in improved outcomes(3,4).

While ventilation is critical for maintaining tissue oxygenation and CO2 elimination, during
cardiac arrest, the metabolic demand is decreased due to a low cardiac output and peripheral
perfusion. Even if ventilation is necessary for prolonged resuscitation(5), excessive ventilation can
have a detrimental physiological effect and lead to adverse patient outcomes. Ventilating with
excessive pressure, volume, or rates can also result in gastric insufflation and increased
intrathoracic pressure, leading to decreased venous return and cardiac output(6,7). The efficacy
of ventilation can also be reduced by airway closure that was recently described in patients with
out of hospital cardiac arrest(8,9). Gastric gas insufflation may lead to regurgitation and results in
the occurrence of aspiration pneumonia or pneumonitis(10). We hypothesized that continuous
chest compressions (CC) could limit the risk of gastric inflation without impairing ventilation
compared to the recommended 30:2 interrupted CC strategy.

The objective of this study was to assess the impact of continuous CC on gastric insufflation and

effective ventilation during bag-valve-mask ventilation.

2. Materials and Methods:

Human cadavers and set-up: The human “Thiel” cadavers came from a specific donation program
of the anatomy laboratory of UQTR (Université du Québec a Trois-Rivieres) and experiments
were conducted in accordance with Canadian regulations after approval from the local Research
Ethics Board (CER-14-201-08-03.17). The Thiel embalmed cadavers are the result of a special

preparation method that allows for preservation of the tissue elastic properties, flexibility, and
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texture. In addition, the anatomy of the oropharynx and upper airway are especially well-
preserved and allow for realistic bag-valve-mask ventilation (11,12). The respiratory mechanic
characteristics as well as the similarity with out-of-hospital cardiac arrest (OHCA) patients,

including the presence of airway closure, have been previously described by Charbonney et al.(9).

Initial preparation: The cadavers were initially intubated and ventilated with a tidal volume of
6mL/kg predicted body weight, respiratory rate 10/min and a PEEP of 10cmH20 as previously
described (9).

Measurement and setup: Respiratory system compliance and resistance were calculated after 30
minutes of ventilation by measuring airway pressure (Paw) during end-inspiratory and end-
expiratory occlusion; the endotracheal tube was then removed in order to proceed with the
experiments. Flow and Paw were measured at the mask using a Pneumotachograph (Fleisch ne3,
Lausanne, Switzerland) positioned proximally to the mask (or the endotracheal tube during initial
preparation) and connected to a Biopac module system (Goleta, CA, USA) for later processing
(Acknowledge 3.7.3, Biopac Systems, Goleta, CA). Volume delivered by each bag valve mask
ventilation was measured as the integral of inspiratory flow for the insufflated volume and

expiratory flow for the expired tidal volume.

Experiment 1: In 5 cadavers, a percutaneous surgical gastrostomy was performed in the anterior
wall of the stomach through a 5 cm midline laparotomy to introduce a cuffed endotracheal tube
(size #6) into the stomach cavity. The duodenum was not clamped. An airtight purse suture was
placed on the stomach and the abdominal wall was sutured in two layers. The end of the
endotracheal tube was connected to a spirometer (Wright Medical, Tennessee, USA) to measure
the cumulative gas volume in the stomach cavity for each of the two tested CPR procedures. The
amount of gas accumulated in the stomach was measured at one-minute intervals for a total of 6

minutes.

Experiment 2: In 2 cadavers, esophageal and gastric pressures were measured using an
esophageal and gastric balloon catheter during 3 minute-experiments of the two previously

tested strategies. No gastrostomy was placed in these cadavers.
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Different chest compression-ventilation strategies tested: Each cadaver underwent 2 different
manual bag-valve-mask CPR strategies randomly applied during 6 minute-periods (experiment 1)

and during 3 minute-periods (experiment 2). The two tested strategies were as follows:

A. Interrupted CC and ventilation with a 30:2 (CC/ventilation) ratio

B. Continuous CC with two insufflations administered after every thirty chest compressions

In the interrupted CC arm, two successive bag-valve-mask ventilations not exceeding one second
each were delivered every 30 CC while temporarily pausing chest compressions. In the
continuous CC arm, two successive bag-valve-mask ventilations not exceeding one second each

were delivered every 30 CC without interrupting CC during ventilation.

In-between each period of CPR, the stomach was completely emptied through the gastrostomy
tube prior to initiating CPR. CPR was performed according to the following procedure. Bag mask
ventilation was performed by two operators with professional experience in CPR (DS and JCR)
throughout the entire experimental procedure using a two-person ventilation technique. A two-
handed mask seal was obtained by the first person while ventilation was administered by the
second operator. The mask used was a standard facemask (inflatable air cushion mask, ResMed,
Taiwan). Compression of the bag was performed cautiously, following guideline
recommendations. To standardize as much as possible bag compressions independently of the
procedure tested, the two operators were trained before the experiment during a period of
resuscitation mixing continuous and interrupted CC. In addition, a metronome (a 1 second light
flashing 2 times every 30 CC) was specifically adapted and used for rhythm and duration of bag
insufflations. The head of each cadaver was held in extension and an oropharyngeal airway was
inserted as recommended. Chest compressions were performed by two other operators with
experience in CPR (IRD and EC) according to international recommendations at 100-110/min with

personnel changes every two minutes. A metronome was used to maintain appropriate CC rate.
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Esophageal pressure measurement: In the 2 additional cadavers, esophageal and gastric balloon
(Nutrivent, Mirandola, Italy) were positioned as previously described (13) in complement to the
tube position inside the stomach.

Opening pressure of the lower esophageal sphincter was assessed in 3 of the cadavers. After
intubating the corps directly into the esophagus, the stomach was insufflated by a ventilator at a
pressure incremented step by step from 0 to 25 cmH20. The volume insufflated at each step of
incremented pressure was noted. The pressure at which the insufflated volume increased
significantly (from O to greater than 50 ml) was considered as the critical pressure threshold

above which the oesophagus was open (opening pressure of the lower esophageal sphincter).

Statistical analysis: Variables are expressed as median [25™ - 75™ percentiles]. Differences
between variables across different data obtained for each strategy were tested by a non-
parametric signed-ranked test (Wilcoxon). A level of p < 0.05 was considered to be statistically

significant.

3. Results

For all the 7 cadavers tested (5 cadavers for experiment 1, and 2 for experiment 2), anthropic
characteristics and respiratory mechanics, including the level of airway closure, are listed in Table

1.
Experiment 1 (5 cadavers):

Number of insufflations, insufflation time, mean and maximal airway pressure (Mean P,y and
Max Paw), ventilation and insufflation per minute (MVinsp, MVexp, Insufflgast) are listed in Table 2.
Ventilation was delivered at the same rate in both strategies. Gastric insufflation was observed in
all the 5 cadavers tested in all conditions, with an amount that depended on the conditions

tested.

After 3 minutes of CPR the cumulative volume of gas insufflated into the stomach was reduced
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on average by 1.6 L and at the end of the 6 minutes of CPR by 4.9 L during continuous CC
compared to interrupted CC 0.4 [0.4-2.0] vs. 2.0 [1.9-2.3] L and 1.0 [0.8-4.1] vs. 5.9 [4.0-7.6] L;
p=0.0002; figure 1). Inspired ventilation was slightly but significantly lower, while expired

ventilation was slightly but significantly higher with continuous CC (figure 2 & table 2).

On average, the volume delivered by a single bag mask insufflation was lower during continuous
CC compared to interrupted CC (592 £ 99 mL vs 722 + 111 mL). Bag mask insufflations were
characterized by an identical amount of leaks between the two strategies (26% vs. 26%) but the
distribution of insufflated gastric volume and expired volume was different (respectively 11% vs.

26% and 63% vs. 48%) during continuous CC compared to interrupted CC as shown in figure 3.

The opening esophageal pressure, measured as described above in 3 cadavers, was 15, 16, and

19 cmH0 respectively.

Experiment 2 (2 cadavers):

The changes in baseline gastric pressure (APgas) over the 3 minutes induced by gastric insufflation
were measured in 2 cadavers during the 2 strategies tested: it amounted to respectively 12.0 and
5.8 cmH,0 during interrupted CC but only 1.0 and 2.0 cmH>0 during continuous CC (figure 4).

Esophageal pressure swing due to chest compressions was not significantly different during

continuous CC compared to interrupted CC (11.7 [5.3-20.1] vs. 12.8 [6.0-20.5] cmH,0; p=0.49).
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Discussion:

Main findings:

Our study shows that continuous CC significantly reduced the volume of gas insufflated in the
stomach compared to the recommended 30:2 interrupted CC strategy. In addition, continuous
CC do not impair the amount of ventilation actually delivered to the lungs during manual bag-

mask-ventilation.

Impact of continuous CC on gastric insufflation and ventilation

The risk of hyperventilation associated with manual bag ventilation during resuscitation has been
extensively documented(14,15). The associated risk of gastric regurgitation is also well
described(16,17).  Previous observations suggest that even moderate, gastric distension
generated by manual bag insufflation may affect both CPR attempt and post-resuscitation
care(18,19). The most commonly recognised complication of gastric insufflation is regurgitation
of gastric content. In a recent large randomized controlled trial, the incidence of clinically
observed gastric regurgitation during conventional 30:2 bag mask ventilation reached 15,2% of
CPR attempts(20). Several experiments have tried to analyse whether the peak or the duration of
airway pressure above the lower esophageal sphincter opening pressure is mainly responsible of
gastric insufflation(16,21). Unfortunately, these studies evaluated gastric inflation only during
interrupted CC in models far from the physiological conditions of a real cardiac arrest patient
(7,22,23). The substantial amount of gastric insufflation reported in the present study during the
30:2 strategy is high but consistent with findings already obtained in a cadaver model(24). In this
study, the authors demonstrated that continuous CC associated with continuous flow insufflation
(generating positive pressure with no additional bag ventilation) significantly reduced gastric
insufflation compared to the conventional bag mask 30:2 interrupted chest compression
strategy. Bag insufflation associated with continuous flow insufflation was not tested, however,
and this study did not permit to distinguish the sole effect of continuous CC irrespective of
insufflation. The authors concluded that gastric distension was essentially due to the high airway
pressure resulting from bag insufflation rather than the effect of CC per se. Unfortunately,

insufflated volume and airway pressure were not measured in that study.
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In the present study, we demonstrate that for a similar ventilation strategy (2 insufflations every
30 CQ), continuous chest compression significantly reduces gastric insufflation, whether it is
guantified per minute or cumulatively. Continuous CC allows for the redistribution of gastric
insufflation to lung ventilation despite the expected overall reduction of insufflated volume
delivered by the bag. The optimal level of lung ventilation including the potential contribution of

CC-induced ventilation is still a matter of debate which the present experiment did not address.

Physiological interpretation of the results

The fact that continuous CC significantly reduces gastric distension without impairing lung
ventilation could seem counterintuitive at first sight. These findings can be explained by the
physiological rules that govern gas motion entering and exhaling the respiratory system during
chest compressions.

The pressure at which the lower esophageal sphincter opens in alive patient during anaesthesia
has been estimated around 20 cmH20(6,10). The lower esophageal sphincter pressure has been
also measured before and immediately after death in a series of 3 patients using simple
manometry showing an opening pressure that decreased around 5 cmH20 immediately after
death, thus suggesting that gas may easily inflate the stomach during positive pressure
ventilation in cardiac arrest patients(25,26). Interestingly, we determined in 3 cadavers the lower
esophageal sphincter opening pressure by specifically assessing the pressure at which gas starts
to enter into the stomach and we found significantly higher values. This apparent inconsistency
may be explained by the fact that conventional manometry assessing the pressure in the
esophagus may underestimate the pressure needed to push gas along the entire esophageal
length. This hypothesis explains why not only the exceeding pressure above the theoretical
esophageal opening pressure but also the time during which this pressure is applied in the
oropharynx has been identified as the two distinct mechanisms explaining gastric insufflation
during bag mask ventilation(16,21). Despite the relatively high lower esophageal opening
pressure observed in our model, the exceeding pressure above oesophageal opening pressure
delivered along the 1 second insufflation time explain the substantial amount of gastric

insufflation reported during the 30:2 interrupted CC strategy (see figure). In addition the recently
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described phenomenon of intrathoracic airway closure that has been shown to impede lung
ventilation may also have facilitated gastric insufflation(27,28). In fact, this unrecognized
phenomenon may tend to redistribute gas from the trachea to the esophagus in non-intubated

patients.

How continuous CC can limit gastric insufflation without impairing ventilation?

During a 1 second bag insufflation, 2 CC occur on average, i.e., meaning 2 compressions and
decompressions. The pressure applied on the sternum during CC increases intrathoracic and
esophageal pressure and as a result tends to collapse the lungs and close the esophagus. In other
words, physiologically, the higher the pressure generated by CC, the lower the lung and
esophageal distending pressures. Both lung and esophageal insufflations are significantly
impeded during CC. During decompression, intrathoracic pressure suddenly decreases due to
thoracic recoil pressure and as result aspirates gas pushed by the bag inside the bronchial tree
and the lung thus favouring lung ventilation. In contrast, duration of decompression is too short
to permit positive bag pressure to reopen the esophagus, which is a virtual lumen previously
collapsed by CC. Thus, CC impedes both lung and gastric insufflation while decompression
increases transpulmonary pressure and lung ventilation but not gastric insufflation. Recordings of
pressure generated by the bag and pleural pressure illustrated in the figure 4 highlight this

mechanism.

Clinical implications:

The main rationale for interrupted 30:2 CC ventilation ratio before advanced airway placement is
that continuous CC may jeopardize bag ventilation and favour gastric regurgitation by increasing
airway pressure (32). The rational supporting this recommendation is weak and the physiological
impact of continuous versus interrupted CC on both ventilation and gastric insufflation has never
been specifically investigated. Nevertheless, despite animal and human studies demonstrating
the benefit of continuous CC on circulation a recent large RCT has failed to demonstrate a benefit
on outcome of a systematic continuous CC strategy compared to the interrupted CC strategy(29—

31). Regurgitation was not systematically assessed in this study. Interestingly, the advantage of
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continuous CC over interrupted CC regarding dispatch guided CPR and simplicity for CPR is
strong(30). The observations reported in the present study suggest (taking in to account the
methodological limits of the experiment) that continuous CC do not affect ventilation during bag
mask ventilation and significantly limit the risk of gastric insufflation thus suggesting that this

strategy is feasible.

Limitations

Some limitations of our study deserve to be discussed. First, the cadaveric model is not entirely
comparable to a real cardiac arrest patient. However, the lower esophageal opening pressure
reported in the present study is higher than previously described immediately after death(25,26)
and this may have interfered with our results by limiting gastric insufflation. Second, the method
we used to assess gastric insufflation along time, previously reported by Segal et al. (24)(i.e., a
surgical gastrostomy) may have limited stomach distension because the gastrostomy works as a
leak, and result in a lower impact on ventilation. However, our additional experiment preserving
the integrity of the stomach shows consistent result by directly measuring gastric pressure
change. Third, investigators could not be blinded, which may have influenced both CC and
ventilation. To limit this potential bias, the two investigators performing bag ventilation were
managed by a third investigator (for rhythm and bag compression) independently of the two
investigators performing CC who followed a specific metronome. Regarding bag ventilation a
specific training was performed before the experiment to standardize bag compression (strength
and duration) during interrupted and continuous CC. The fact that the experiment was limited to
6 minutes in our study might have favoured the quality of the ventilation while a longer duration
usually observed in real conditions tends to limit the attention of the rescuers and as results the
guality of bag-mask ventilation. Last, in the present experiment we did not measure the potential
contribution of CC-induced ventilation, which may have contributed to increase slightly actual

ventilation.
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Conclusion:

During bag-valve-mask ventilation, continuous chest compressions significantly reduce the
quantity of gas insufflated into the stomach and increase lung ventilation compared to 30:2

interrupted CC strategy.
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Main figures



Fig. 1: Volume of gas insufflated in the stomach during
resuscitation.
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This figure shows the cumulative gastric insufflation, along the six-minutes resuscitation. Gastric insufflation
was significantly higher in the interrupted CC resuscitation compared the continuous CC strategy.

ICC: interrupted chest compression; CCC: continuous chest compression



Fig. 2: Individual values of ventilation and gastric insufflation
expressed per minute during resuscitation.
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This figure shows individual values per minute for mean inspired and expired ventilation, and gastric insufflation, measured
during the two 6 min strategies. Gastric insufflation was observed in all corpses, and all cadavers (except one) have a
diminution of gastric insufflation in continuous CC strategy compared with the interrupted CC strategy. Continuous CC
significantly impaired and reduced inspired ventilation while it slightly significantly increased expired ventilation compared to

interrupted CC. ICC: interrupted chest compression; CCC: continuous chest compression



Fig. 3: Repartition of inspired volume delivered by one bag mask
insufflation.
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This figure shows expired ventilation, gastric insufflation, and leaks volumes expressed as percentage of a mean bag mask
ventilation. Leaks were estimated from mean volumes for a single insufflation as “Leaks = VT, o, = (VT + Veast)”-

ICC: interrupted chest compression; CCC: continuous chest compression



Fig. 4: Pressure tracings during bag mask insufflations.
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This figure illustrates, transpulmonary pressure (Paw — Peso), and gastric pressure tracings recorded in the two additional corps
(experiment 2) during two bag mask insufflations for both resuscitation strategies. Gastric insufflation is driven by
transpulmonary pressure according to a peak of pressure and a time effect. During continuous CC, each CC occurring during
bag insufflation tends to suddenly reduce transpulmonary pressure and close esophagus. As result, the time during which
positive transpulmonary pressure may insufflate the stomach is reduced, during continuous CC thus explaining the significant
reduction of stomach insufflation. This result is illustrated by the increase of the baseline after the two insufflations during
interrupted CC, while there is no increase of the baseline in continuous CC, suggesting less volume into the stomach during the

continuous CC compared to interrupted CC strategy.  cc: interrupted chest compression; CCC: continuous chest compression



Tables



Table 1 : Anthropic characteristics and respiratory mechanics of
the corps.

: : Airway closing
Corps | Experiment Death pressure
(cmH,0)

Arrhythmia 63 160 63.5 23.5 12 5
#2 1 F Myocardial 78 154 66 40 12 12
infarction
#3
1 M Cancer 69 178 86 40 16 5
#4 .
1 F Heart failure 86 150 54 45 14 7
#5
1 M Cancer 79 165 73 44 10 5
#6 2 F Stroke 91 152 37 38 15 4
Kidney
Failure




Table 2: Insufflations data and volumes per minute for the
two tested strategies.

Insufflations

Pressure
(cmH,0)

Minute

ventilation/insufflation
(L/min)

Per minute

Time (sec)

Mean P,

Max P,

MV

insp

MV

exp

Insuffl

5.7 [5.0-5.7]

0.8 [0.7-1.0]

24.6 [21.5-27.5]

36.8 [33.2-39.2]

3.4 [2.8-3.7]

1.9 [1.4-2.8]

0.2 [0.1-0.7]

5.3 [5.3-5.3]

0.9 [0.7-1.1]

25.5[21.4-28.4]

35.3 [31.3-38.1]

3.6 [3.5-4.0]

1.6 [0.2-2.7]

0.7 [0.4-1.3]

0.25

0.75

0.27

0.05

0.0047

0.001

0.001





