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Abstract 
Background: Ventilation is a critical determinant of cardiopulmonary resuscitation efficiency. Our goal was to evaluate how ventilatory parameters 
are reported during cardiopulmonary resuscitation in large animal models of cardiac arrest.

Methods: A scoping review was conducted following the PRISMA-ScR guidelines, including studies referenced in Pubmed over the last decade 
(January 1st, 2015 to July 30th, 2025). The review followed the PCC approach: (P) population: large animal models of cardiac arrest; (C) concept: 
ventilatory settings and parameters during CPR; (C) context: studies aiming at describing or evaluating mechanical or manual ventilation during CPR

in experimental conditions. The reporting of the animal characteristics, ventilatory settings and monitored parameters were extracted and analyzed

descriptively.

Results: We identified 111 relevant publications. Most of them used porcine models (79 %), with ventricular fibrillation being the most common 
method of cardiac arrest induction (59 %). Mechanical ventilation was predominant (75 %), with volume and pressure-controlled modes nearly 
equally represented. The reporting of critical ventilatory settings was inconsistent, with a percentage of appropriate reporting as follows: respiratory 
rate (88 %), fraction of inspired oxygen (83 %), positive end-expiratory pressure (49 %), tidal volume (83 %, among studies with volume-controlled

ventilation), peak inspiratory pressure (92 %, among studies with pressure-controlled ventilation) and inspiratory to expiratory ratio (17 %, among all

studies with mechanical ventilation). Reporting of measured ventilatory parameters during CPR was also limited with, e.g., EtCO2 reported in 41 % of

the studies and arterial blood gases sampled and reported in 50 % of the studies.

Conclusions: This scoping review evidenced substantial variability and frequent omissions in the reporting of ventilatory settings and monitoring in 
large animal CPR studies. Updated recommendations could be useful to provide specific guidelines of reporting in the field.
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Introduction 

In the field of resuscitation research, large animal models are essen-
tial for the translation of experimental findings to clinical practice. In

particular, pigs closely mimic human cardiovascular and pulmonary

physiology,1,2 allowing for realistic modeling of ventilatory and hemo-

dynamic interactions during cardiopulmonary resuscitation (CPR). 
Beyond chest compression, which has been extensively investigated

over the last decades, the impact of ventilation during CPR is critical,
but still insufficiently studied. For instance, many ventilatory param-

eters such as tidal volume (Vt) or positive end-expiratory pressure 
(PEEP) are known to influence intrathoracic pressure, coronary per-

fusion pressure and the likelihood of return of spontaneous circula-

tion (ROSC).3–6 When insufficient, ventilation may impair gas 
exchange and limit oxygenation, while excessive ventilation could 
compromise circulation by increasing lung volume above functional

residual capacity (FRC) and negatively impact venous return.7 In 
addition, the continuous monitoring of ventilatory parameters can 
provide surrogate markers of perfusion and ventilation quality during
rg/ 
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CPR with e.g., end-tidal CO2 (EtCO2 ) or full capnogram analysis.8,9 

Accordingly, rigorous reporting of experimental protocols and ventila-
tory parameters is essential in CPR animal studies to ensure repro-

ducibility and translational relevance in preclinical research.

In line with these requirements, the ARRIVE 2.0 guidelines, 
updated in 2020, offered a structured checklist for the general report

of animal studies.10 However, these guidelines only established gen-
eral standards. More specifically, the Utstein-Style guidelines pub-

lished in 199611 proposed a first template to harmonize 
resuscitation data reporting, including ventilatory support, for labora-
tory CPR research. It remains unclear whether these recommenda-

tions have effectively improved consistency across experimental

studies, particularly in light of the recent progress in ventilation and

monitoring strategies during CPR.

Accordingly, this scoping review aimed at systematically evaluat-
ing how ventilatory parameters were reported in large-animal CPR 
studies over the last decade. Our literature search strategy focused 
on studies properly describing and evaluating ventilation during CPR.

The goal is to pave the way for up-to-date future recommendations

regarding ventilatory monitoring and reporting in large animals

CPR studies.
Methods 

Design 
This scoping review was drafted following the requirements of the 
Preferred Reporting Items for Systematic reviews and Meta-

Analyses extension for Scoping Review (PRISMA-ScR).
lation were also excluded.

Eligibility criteria 
This scoping review included studies which matched the following 
PCC approach: (P) population: defined as large animal models of 
cardiac arrest; (C) concept: defined as ventilatory settings and mon-

itored parameters during CPR; (C) context: experimental laboratory 
studies on large animals, describing mechanical or manual ventila-

tion under controlled CPR conditions. The search was restricted to

English publications. The following types of publication were

excluded: case reports, reviews, letters, commentaries, editorials,

comments. Animal models including the use of extracorporeal circu-
2015 to July 30th, 2025.

Information source 
Considering that ventilatory management during CPR is constantly 
evolving both in clinical and preclinical studies, the search was 
restricted to the past ten years to ensure that the included studies

reflect current animal experimental practices. The bibliographic data-

base PubMed was searched for articles published from January 1st,
Search strategy and selection process 
The search strategy was developed and refined through team dis-
cussions. It contained keywords relevant to ventilation during car-
diopulmonary resuscitation in large animal models of cardiac

arrest. The full literature search strategy is provided in Supplemental 
material. 

Articles were initially screened based on their titles and abstracts. 
Following the initial screening, relevant full-text articles identified

were reviewed. Any doubt regarding the inclusion or exclusion of
an article was resolved by discussion with a second independent

reviewer.

Data charting and collection
A data-charting form was developed by team discussion to deter-
mine which variables to extract. Two reviewers discussed the results 
and updated the data-charting form in an iterative process. Data 
extracted from the selected papers were classified into 3 categories:

(1) Characteristics of animal models of CPR during cardiac arrest, (2)

Ventilatory settings during CPR, and (3) Ventilatory parameters mon-

itored and reported during CPR.

Animal model characteristics included: the total number of ani-
mals, body weight, sex, method of cardiac arrest induction, and

the modality and rate of chest compressions.

Ventilatory settings reported during CPR included: ventilation 
interface and modality (mechanical or manual), mode of ventilation 
when mechanical, ventilatory settings such as respiratory rate, frac-
tion of inspired oxygen (FiO2) or oxygen flow (for mechanical and 
manual ventilation respectively), tidal volume (Vt) and PEEP. Set-
tings specific to mechanical ventilation including inspiratory trigger,

inspiratory to expiratory ratio (I:E), and peak pressure alarm, as well

as settings specific to manual ventilation including pressure-release

valve and bag volume were also investigated.

Ventilatory parameters monitored during CPR included: Vt, ven-
tilation induced by chest compressions called passive ventilation

(Fig. 1), minute volume, peak inspiratory pressure, intrathoracic 
pressure, and gas exchange variables such as peripheral oxygen 
saturation (SpO 2), end-tidal carbon dioxide (EtCO2) with or without

volumetric analysis, and arterial blood gases. Fig. 1 also schemati-

cally illustrates airway pressures and full capnogram during CPR.

Data synthesis and analysis
Variables were presented as numbers and percentages of publica-
tions evaluating or reporting each condition or parameter. Numerical 
values of set parameters during CPR were expressed as median and

interquartile range. Statistical analyses were performed with Micro-

soft Excel SoftwareC.

Results 

Study selection 
A total of 200 studies were identified from PubMed. After excluding 
one corrigendum counted as a duplicate, 199 studies were screened 
by title and abstract. Out of these, 126 studies passed the first 
screening and had full-text articles retrieved. Following secondary 
screening, 15 were excluded because the experimental configuration 
was not considered clinically relevant to ventilation monitoring. The

remaining 111 studies were included in the final analysis. The agree-

ment between reviewers during the screening process was assessed

to ensure consistency in study selection, resulting in a Cohen’s

kappa coefficient of 0.8, indicating excellent agreement. Fig. 2 shows 
the PRISMA flow diagram for study inclusion and exclusion.

Animal characteristics 
As shown in Table 1, the vast majority of studies employed a porcine 
model (79 %), and the remainder used lamb (16 %), or canine (5 %) 
models. The median number of animals per study was 22 (IQR 13–

32). Median body weight was 32 kg (IQR 12–39) in pigs, 4 kg (IQR

4–5) in lambs and 25 kg (IQR 13–27) in dogs. Lamb studies mostly
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Fig. 1 – Schematic representation of the waveforms for important ventilation parameters during cardiopulmonary 
resuscitation. 
Paw, Airway pressure; Ti, inspiration time; Te, expiration time; Flow, airway flow; Vti, inspiratory tidal volume, corresponding to the usual Vt

value (active ventilation); Vdecomp, passive ventilation during chest decompression; CO2 max, maximal exhaled CO2 during expiration; EtCO2,

Fig. 2 – Flow chart of study selection.
19 % females, and 36 % including both sexes.

focused on pediatric conditions (4–5 kg). They were included in the 
full analysis as complying in the initial search strategy. When

reported, sex distribution was relatively balanced, with 21 % males,
constituted the second most frequent method (39 %).

In most studies, cardiac arrest was induced by ventricular fibrilla-
tion with electrical stimulation (59 %). Asphyxia, achieved by occlud-

ing the endotracheal tube and disconnecting the ventilator,
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Table 1 – Main characteristics of the animal models in the included studies. Data are expressed as mean and IQR
or number of publications and percentage of total number for each species.

Total (N = 111) Pig (N = 88) Lamb (N = 18) Dog (N =  5  )

Number of animals 22 (13–32) 20 (12–32) 24 (18–33) 20 (12–24) 
Weight (kg) 27 (5–36) 32 (12–39) 4 (4–5) 25 (13–27) 

Sex 
Male 23 (21 %) 23 (26 %) 0 (0 %) 4 (80 %)

Female 21 (19 %) 17 (19 %) 0 (0 %) 1 (20 %)

Both 40 (36 %) 21 (24 %) 18 (100 %) 0 (0 %)

Not reported 27 (24 %) 27 (31 %) 0 (0 %) 0 (0 %)

Cardiac arrest 
Ventricular fibrillation 66 (59 %) 62 (70 %) 0 (0 %) 4 (80 %)

Asphyxia 43 (39 %) 24 (27 %) 18 (100 %) 1 (20 %)

Other 2 (2 %) 2 (2 %) 0 (0 %) 0 (0 %)

Chest compressions modality* 
Mechanical 58 (52 %) 57 (65 %) 0 (0 %) 1 (20 %)

Manual 39 (35 %) 30 (34 %) 5 (28 %) 4 (80 %)

Quality monitoring 8/39 (21 %) 8/30 (27 %) 0/5 (0 %) 0/4 (0 %)

Not reported 17 (15 %) 4 (5 %) 13 (72 %) 0 (0 %)

Chest compressions* 
Continuous 75 (68 %) 72 (82 %) 3 (17 %) 0 (0 %)

Interrupted 39 (35 %) 22 (25 %) 14 (78 %) 3 (60 %)

Not reported 10 (9 %) 7 (8 %) 1 (6 %) 2 (40 %)
* For chest compressions (mechanical vs manual or continuous vs interrupted), percentage can be superior to 100 % since some studies compared different

conditions.
The majority of studies used chest compressions with an auto-
mated mechanical device (52 %). When manual chest compressions 
were applied (35 %), compression quality was monitored in 21 % of 
the studies. Continuou s chest compressions were more frequently

reported (68 %) than interrupted compressions (35 %), considering

that few studies compared both conditions and were included in both

categories.

Ventilatory settings during cardiopulmonary resuscitation

As shown in Table 2, almost all studies relied on invasive ventilation 
(95 %), most frequently with mechanical ventilation (75 %), while 
manual bag-valve ventilation was reported in 26 % of the studies.

Continuous-flow oxygen was rarely used (6 %).

Among mechanical ventilation strategies, volume-controlled 
(48 %) and pressure-controlled (46 %) modes were nearly equally 
represented. Among the studies with volume or pressure-controlled 
ventilation, a small proportion of studies reported specific CPR-
adapted modes (11 %), including ultra-low tidal volume ventilation

(ULTVV, 5 %), chest compression synchronized ventilation (CCSV,

4 %), or cardiopulmonary ventilation (CPV, 1 %).

Among ventilatory settings, the most frequently documented 
parameters were respiratory rate (88 %), Vt (83 % among studies 
with volume-controlled ventilation), inspiratory pressure (92 %, 
among studies with pressure-controlled ventilation), FiO2 or oxygen 
flow (83 %), and PEEP (49 %). In contrast, only few studies reported

the settings (specific to mechanical ventilation) for inspiratory to expi-

ratory ratio (17 %), inspiratory trigger (6 %), or inspiratory pressure

alarm (6 %). Numerical values of the corresponding set parameters

are shown in Table 3.
Reporting of ventilatory parameters during 
cardiopulmonary resuscitation (CPR)

Table 4 shows the reporting of the different ventilatory parameters 
monitored during CPR and reported in the included studies. Among 
all studies, only 23 % reported Vt, 22 % documented peak inspiratory

pressure, and 11 % minute volume. Additionally, passive ventilation

(3 %) and intrathoracic pressure (3 %) were rarely measured.

EtCO2 monitoring during CPR was described in 41 % of the stud-
ies. Only 26 % specified the sensor type (mainstream or sidestream), 
and 16 % reported the use of volumetric capnography. Arterial blood 
gases were sampled during CPR in 50 % of the studies. Of note, 12
studies mentioned EtCO2 monitoring during CPR without reporting

the corresponding data, 9 studies monitored peak inspiratory pres-

sure but did not report it, and 4 studies monitored Vt and minute ven-

tilation without providing the associated values.

Evaluation of arterial and/or tissular oxygenation was rare as only 
14 % of the studies reported arterial oxygen saturation (SaO2), 13 % 
reported mixed venous oxygen saturation (SvO2) or mixed venous 
oxygen pressure (PvO2) as indicators of tissue oxygen consumption,

and 23 % reported regional cerebral oxygenation with the use of near

infrared spectroscopy or direct intraparenchymal probe.

Discussion 

In this scoping review, we provided a comprehensive overview of 
ventilatory parameters reporting in large animal models of CPR over

the past decade, thirty years after the establishment of the Utstein-

Style Guidelines.11 To our knowledge, this is the first review to
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Table 2 – Reporting of the ventilatory settings during cardiop ulmonary resuscitation (CPR) in the included studies.

Total (N = 111) Pig (N = 88) Lamb (N = 18) Dog (N =  5  )

Ventilation 
Invasive 106 (95 %) 85 (97 %) 18 (100 %) 3 (60 %)

Non-invasive 1 (1 %) 1 (1 %) 0 (0 %) 0 (0 %)

Both 4 (4 %) 2 (2 %) 0 (0 %) 2 (40 %)

Ventilation modality* 
Mechanical 83 (75 %) 61 (69 %) 18 (100 %) 4 (80 %)

Bag valve device 29 (26 %) 27 (31 %) 1 (6 %) 1 (20 %)

Continuous flow oxygen 7 (6 %) 7 (8 %) 0 (0 %) 0 (0 %)

Not reported 3 (3 %) 3 (3 %) 0 (0 %) 0 (0 %)

Ventilation mode (when mechanical)* 
Volume-controlled 40/83 (48 %) 39/61 (64 %) 0/18 (0 %) 1/4 (25 %)

Report of Vt set point 33/40 (83 %) 33/39 (85 %) – 0/1 (0 %)

Report of Vt relatively to body weight 30/40 (75 %) 30/39 (77 %) – 0/1 (0 %)

Pressure-controlled 38/83 (46 %) 20/61 (33 %) 18/18 (100 %) 0/4 (0 %)

Report of inspiratory pressure set point 35/38 (92 %) 18/20 (90 %) 17/18 (94 %) – 
Specific CPR mode (e.g., CPV, CCSV, ULTVV) 9/83 (11 %) 9/61 (15 %) 0/18 (0 %) 0/4 (0 %)

Not reported 11/83 (13 %) 8/61 (13 %) 0/18 (0 %) 3/4 (75 %)

Report of other ventilation parameters

Respiratory rate 98 (88 %) 77 (88 %) 18 (100 %) 3 (60 %)

FiO2 or Oxygen flow 92 (83 %) 70 (80 %) 18 (100 %) 4 (80 %)

PEEP 54 (49 %) 37 (42 %) 17 (94 %) 0 (0 %)

Among studies with mechanic al ventilation
Inspiratory trigger 5/83 (6 %) 5/61 (8 %) 0/18 (0 %) 0/4 (0 %)

I:E ratio 14/83 (17 %) 12/61 (20 %) 2/18 (11 %) 0/4 (0 %)

Pressure alarm 5/83 (6 %) 5/61 (8 %) 0/18 (0 %) 0/4 (0 %)

Among studies with bag valve device

Pressure release valve 3/29 (10 %) 3/27 (11 %) 0/1 (0 %) 0/1 (0 %)

Bag volume 1/29 (3 %) 1/27 (4 %) 0/1 (0 %) 0/1 (0 %)

Data are expressed as number of publications using or reporting the corresponding setting or parameter, as well as percentage of publication number. 
Vt, tidal volume; Ppeak, peak inspiratory pressure; CPV, cardiopulmonary ventilation; CCSV, chest compression synchronized ventilation; ULTVV, ultra-low tidal

volume ventilation; PEEP, positive end-expiratory pressure; FiO2, fraction of inspired oxygen.
* For ventilation modality and mode, percentage can be superior to 100% since some studies compared different conditions.
systematically describe ventilatory settings and monitoring practices
during experimental CPR.

Our analysis yielded several key observations. First, our findings 
are consistent with previous reports highlightin g variability in ventila-

tory strategies during both clinical and experimental CPR.12 Indeed, 
ventilatory strategies and settings were highly heterogenous across 
studies. Most of the basic data recommended by the Utstein-Style 
Guidelines were correctly reported: ventilatory interface (100 %), 
ventilation mode when mechanical (88 %), inspired O2 concentration 
or oxygen flow (83 %), Vt set (83 %), respiratory rate (88 %), syn-
chronization with chest compressions (91 %). The description of 
the PEEP level (49 %) and the inspiration to expiration ratio when 
mechanical (17 %) were frequently neglected. Finally, specific venti-
lator settings of inspiratory trigger and peak inspiratory pressure

alarm were almost never documented. In addition, monitoring of

many variables were often absent, such as Vt during CPR (23 %),

minute volume (11 %) or peak inspiratory pressure (22 %). In fact,

each of these parameters has the potential to significantly influence

delivered ventilation that may impact intrathoracic pressure, hemo-

dynamics, and ultimately the general outcome of most studies. Sec-

ond, despite clinical findings and Utstein-Style guidelines
emphasizing the importance of monitoring EtCO2 and blood gases 
as surrogates for perfusion and ventilation quality,11,13 these vari-
ables were underreported in our review. EtCO2 during CPR was 
described in less than half of the studies, and when available, wave-

form analysis or volumetric capnography was rarely included despite

their potential additional value.14,15 Similarly, few studies docu-
mented intrathoracic pressure, even though it is highly relevant for
assessing interactions between ventilation and chest compressions

during CPR.16 

This lack of standardization has significant implications. Incom-

plete or heterogeneous reporting limits comparison across studies, 
reduces reproducibility, and hinders the interpretation of experimen-

tal findings. Furthermore, given the increasing reliance on animal 
models to guide clinical practice, harmonized reporting of ventilatory

settings and monitoring during CPR is essential, along with the con-

sistent use of a common terminology as previously suggested.17 

For instance, even if the settings for Vt were among the most 
widely reported in our analysis, the monitoring of the actual mea-

sured inspiratory and expiratory Vt was very rare. Moreover, no

methodological recommendations currently exist regarding its

measurement. The optimal Vt to be delivered during CPR, i.e. active
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Table 3 – Numerical values of set parameters during cardiopulmonary resuscitation (CPR) in the included studies
when corresponding values were available.

Total Pig Lam Dog 

Respiratory rate (/per minute)* 10 (10–30) 10 (10–20) 
N = 73

40 (30 
N

40) 
1  7

7 (7–9) 
N = 3

FiO2 (%)† 100 (100–100) 10 (100–100) 
N =  61
5 (0–5)

100 (21– 
N 
5 (

00) 
18  
–5)

61 (21–100) 
N =  4  
N = 0

N =  54 N =  37
(1:1.3–1:2)

N 
1:2 (1:2

17  
1:2 )

N =  14 N =  12  
60 (60–60)

N = 5

=  2  
= 0

Set Vt (mL/kg) among studies with 10 (7–10) =  0 N =  010 (7–10) 
N = 33

Targeted Vt mL/kg, among studies 9 (8–10) = 0 12 (12–12)9 (8–10) 
N = 18

Inspiratory pressure (cmH2O) 30 (25–34) 35)25 (20–30) 
N = 18

33 (30
N

N =  0  

controlled ventilation 
hen different values were reported in the same study in different groups, each experim

IQR).

ntal group was co nted independent y. Data are expr
( 
FiO2, fraction of inspired oxygen; PEEP, positive end-expiratory pressure; Vt, tidal volume. 
* We couldn’t calculate the respiratory rate for three studies as they only reported the compression to ventilation ratio without reporting the compression rate.

We also excluded studies with continuous insufflation. 
† We excluded studies which reported oxygen flow and not fraction of inspired oxygen.
+ When tidal volume was not indexed to body weight, we reported it to mean weight of animals in the corresponding study.

Table 4 – Reporting of monitored ventilatory parameters during cardiopu lmonary resuscitation (CPR) in the
included studies.

Total (N = 111) Pig (N = 88) Lamb (N = 18) Dog (N =  5  )

Evaluation and report of monito red ventilation parameters

Vt 25 (23 %) 21 (24 %) 4 (22 %) 0 (0 %)

Inspiratory Vt 8/25 (32 %) 8/21 (38 %) 0/4 (0 %) – 
Expiratory Vt 7/25 (28 %) 7/21 (33 %) 0/4 (0 %) – 

Minute volume 12 (11 %) 12 (14 %) 0 (0 %) 0 (0 %)

Passive ventilation 3 (3 %) 3 (3 %) 0 (0 %) 0 (0 %)

Ppeak 24 (22 %) 24 (27 %) 0 (0 %) 0 (0 %)

Intrathoracic pressure 3 (3 %) 3 (3 %) 0 (0 %) 0 (0 %)

Evaluation and report of gas exchan ge parameters (during CPR)

EtCO2 45 (41 %) 44 (50 %) 0 (0 %) 1 (20 %)

Volumetric capnography 7/45 (16 %) 7/44 (16 %) – 0/1 (0 %)

Mainstream sensor 10/45 (22 %) 10/44 (23 %) – 0/1 (0 %)

Side stream sensor 2/45 (4 %) 2/44 (5 %) – 0/1 (0 %)

Not reported 29/45 (64 %) 28/44 (64 %) – 1/1 (100 %)

Blood gases (per CPR) 56 (50 %) 42 (48 %) 11 (61 %) 3 (60 %)

Evaluation of arterial and tissue oxygenation (during CPR)

SpO2 4 (4 %) 4 (5 %) 0 (0 %) 0 (0 %)

SaO2 15 (14 %) 10 (11 %) 4 (22 %) 1 (20 %)

SvO2 or PvO2 14 (13 %) 12 (14 %) 1 (6 %) 1 (20 %)

Regional cerebral oxygenation 26 (23 %) 22 (25 %) 4 (22 %) 0 (0 %)

Importantly, measured parameters can differ from set parameters due to metrological and physiological reasons, emphasizing the importance of subsequent 
reporting (e.g., Vt during bag ventilation, etc). 
Data are expressed as numbers of publication using or reporting the corresponding setting or parameter, as well as percentage of publication number. 
Vt, tidal volume; Ppeak, peak inspiratory pressure; EtCO2, end-tidal CO2; SpO2, peripheral capillary oxygen saturation; SaO2, arterial oxygen saturation; SvO2,

mixed venous oxygen saturation; PvO2, mixed venous oxygen pressure.



Gas exchange parameters

e

F V al

o v

R E S U S C I T A T I O N P L U S 2 7 ( 2 0 2 6 ) 1 0 1 1 8 5 7

Table 5 – Proposition of ventilation settings and parameters that should be reported and measured for a 
compreh ensive description of ventilation impact in large animal models of cardiopulmonary resuscitation (CPR).

Ventilatory settings during CPR
Interface Invasive or non-invas ive
Modality Mechanical, bag valve device, continuous flow oxygen or other

Mode Volume-controlled, pressure-controlled, or specific CPR mode

Ventilation parameters Respiratory rate, FiO2, Vt (reported to body weight), PEEP, inspiratory trigger, and I:E ratio

Ventilatory parameters monitored during CPR

Inspiratory Vt (active ventilation), Ppeak, minute volume (including passive ventilation), Source of 
measurements (ventilator or laboratory recordings) 
N.B.: Ideally, intrathoracic pressure is relevant during mechanical ventilation, but its measurement 
during CPR is technically difficult because the dynamic and unstable conditions complicate accurate

and reproducible assessment

Blood gases EtCO2, sensor type and ideally volumetric or waveform analysis (e.g., CO2 max)

Ventilation monitor ing

Arterial and tissular oxyg 

iO2, fraction of inspired oxygen;

nation SaO2, SvO2 and/or PvO2 
Ideally, cerebral oximetry with near infrared spectroscopy or intraparenchymal probe

xygen saturation; SvO2, mixed

t, tidal volume; PEEP, positive end-expiratory pressure; Ppeak, peak inspiratory pressure; EtCO2, end-tidal CO2; SaO2 , arteri

enous oxygen saturation; PvO2, mixed venous oxygen pressure.
ventilation, remains debated. In the clinical field, a recent post hoc 
analysis of a large randomized controlled trial even suggested that 
ventilation, measured by thoracic impedance, is most of the time

inadequate before advanced airway placement, and likely associated

with a worse prognosis.18 Therefore, measuring and reporting of Vt is 
essential. Interestingly, after intubation, inspiratory Vt (Vt delivered 
during inspiration time) should be preferred, as expiratory Vt is

affected by chest compressions and their impact on absolute lung

volume (Fig. 1). Of note, monitoring Vt (whether inspiratory or expi-
ratory) during ventilation without a secured airway remains highly
challenging due to inspiratory and expiratory leaks at the mask inter-

face.19,20 Ventilation that results from repeated chest compressions 
and decompressions during the expiration time, usually called pas-
sive ventilation, may also contribute to overall gas exchange. In 
the landmark study from Peter Safar, passive ventilation evaluated

in humans was highly variable with gas movements induced by chest

compressions ranging from 0 ml to more than 50 ml.21 In addition, 
the recently described airway closure phenomenon has been incrim-

inated as limiting passive ventilation.22 Interestingly, internal func-
tioning of different medical devices may significantly increase (e.g. 
active decompression) or stop passive ventilation (e.g. impedance 
threshold device or PEEP valve), thus impacting gas exchange 
and absolute lung volumes. For this purpose, the measurement of

flow entering into the thorax during decompression (i.e., expiratory

reverse flow, also known as ventilation volume during decompres-

sion) may be recommended as a surrogate of passive ventilation

(Fig. 1). 
Among the monitored parameters acting as possible surrogates 

of ventilation and CPR efficiency, it was also surprising that EtCO2 

was not widely reported. Although EtCO2 monitoring is easily avail-
able in laboratory settings, its proper interpretation could remain 
challenging. EtCO2 variation could indeed reflect blood flow induced 
by chest compressions but also changes of global ventilation. A pre-

vious work showed that rather than the EtCO2 value, the maximum

value of exhaled CO2 (CO2 max) might be a closer surrogate of alve-

olar CO2, and should therefore be monitored (Fig. 1).23 Thus, caution 
is warranted when interpreting CO2 signal. More recently, specific 
CO2 patterns have been described allowing to recognize potentially

harmful situations such as airway closure or thoracic distension; in
these cases, adapting ventilation settings may permit to optimize res-

piratory support.15 The analysis of the capnogram could be consid-
ered as an insightful parameter to report in complement of EtCO2

measurements (including sensor type).

Accordingly, as a minimal requirement, future studies should 
ensure consistent reporting of the parameters recommended by 
the current Utstein-Style guidelines, including animal characteristics 
(weight, sex, method of cardiac arrest induction), ventilatory interface 
and mode (when mechanical ventilation), FiO2 or oxygen flow, Vt, 
PEEP, respiratory rate, and I:E ratio. During CPR, peak inspiratory 
pressure, inspiratory Vt, real minute volume, EtCO2 and blood gas 
sampling with arterial and mixed venous oxygen saturation should 
also be documented. Additionally, we believe that it is important to 
report indexed inspiratory Vt to body weight and inspiratory trigger 
setting for mechanical ventilation. As stated above, measurement

of expiratory Vt (when airways are secured) should not be recom-

mended as it is highly dependent upon ventilators or monitoring

devices and largely heterogenous due to the impact of chest com-

pressions. We also encourage the documentation of intrathoracic

pressure, which could provide relevant information to interpret the

potential hemodynamic impact of ventilation. To support this pur-

pose, we provided a structured template of key variables that appear

important for standardized reporting in future experimental CPR pro-

tocols (Table 5). Of note, the direct assessment of the hemodynamic 
effects of ventilation during CPR (which is not within the scope of this

work) also provide valuable insights (e.g., using coronary perfusion

pressure and tissular oxygen delivery).

This scoping review has several limitations. First, our review was 
limited to English-language publications over the past 10 years. Sec-
ond, the heterogeneity of protocols prevented quantitative synthesis 
and the reliability of our analysis depended on the extent of reporting 
provided in the included studies. Finally, our review was restricted to 
large animal models, which may limit generalizability to small species 
or clinical settings. Although large animal models provide valuable

insights into ventilatory physiology during CPR, translating these

findings to human clinical practice remains challenging. Despite their

similarity to human cardiopulmonary physiology, differences in chest

morphology and airway anatomy may influence effect of ventilation

and its impact on gas exchange during resuscitation. Furthermore,
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controlled experimental settings only partially reflect the complexity 
of human cardiac arrest, including comorbidities and resuscitation 
quality. Beyond these biological and contextual differences, method-

ological heterogeneity in ventilatory management and monitoring fur-
ther limits comparability between studies. By mapping current

experimental practices, this scoping review highlights methodologi-

cal gaps that, if properly considered, could improve validity and bet-

ter delimit the translational value of animal research in CPR.

Conclusion 

Ventilatory settings and monitoring during experimental CPR in ani-
mals are reported with considerable variability and frequent omis-

sions. Critical parameters such as PEEP, I:E ratio, inspiratory 
trigger (specific to mechanical ventilation), and EtCO2 analysis are 
often absent, highlighting the need for standardized reporting. Updat-

ing the minimal reporting standards would improve comparability,

strengthen translational relevance, and guide the design of future

animal studies.
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