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Abstract 

Extracorporeal Carbon Dioxide Removal (ECCO2R) is used in acute respiratory distress syndrome (ARDS) patients 
to facilitate lung-protective ventilatory strategies. Electrical Impedance Tomography (EIT) allows individual, non-
invasive, real-time, bedside, radiation-free imaging of the lungs, providing global and regional dynamic lung analyses. 
To provide new insights for future ECCO2R research in ARDS, we propose a potential application of EIT to personal-
ize End-Expiratory Pressure (PEEP) following each reduction in tidal volume (VT), as demonstrated in an illustrative 
case. A 72-year-old male with COVID-19 was admitted to the ICU for moderate ARDS. Monitoring with EIT was started 
to determine the optimal PEEP value (PEEPEIT), defined as the intersection of the collapse and overdistention curves, 
after each reduction in VT during ECCO2R. The identified PEEPEIT values were notably low (< 10 cmH2O). The decrease 
in VT associated with PEEPEIT levels resulted in improved lung compliance, reduced driving pressure and a more 
uniform ventilation pattern. Despite current Randomized Controlled Trials showing that ultra-protective ventila-
tion with ECCO2R does not improve survival, the applicability of universal ultra-protective ventilation settings for all 
patients remains a subject of debate. Inappropriately set PEEP levels can lead to alveolar collapse or overdistension, 
potentially negating the benefits of VT reduction. EIT facilitates real-time monitoring of derecruitment associated 
with VT reduction, guiding physicians in determining the optimal PEEP value after each decrease in tidal volume. 
This original description of using EIT under ECCO2R to adjust PEEP at a level compromising between recruitability 
and overdistention could be a crucial element for future research on ECCO2R.
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To the Editor
Extracorporeal carbon dioxide removal (ECCO2R) is a 

device designed to eliminate carbon dioxide in patients 
with acute respiratory failure. In acute respiratory dis-
tress syndrome (ARDS), ECCO2R facilitates lung-protec-
tive ventilatory strategies, by allowing a reduction of tidal 
volumes and thus generating less ventilator-induced lung 
injuries (VILI) [1]. Despite the limited availability of high-
quality evidence, the utilization of ECCO2R is increas-
ingly prevalent [2–4]. In ARDS under Extracorporeal 
life support (ECLS), the exact safe limits for volume and 
pressure settings remain unclear. Evidence suggests that 
deviating from conventional lung-protective ventilation, 
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involving a reduction in the intensity of mechanical ven-
tilation, may be associated with improved outcomes [5]. 
Ultraprotective ventilation with low tidal volumes may 
inadvertently cause pulmonary derecruitment if positive 
end-expiratory pressure (PEEP) is not adequately titrated. 
Conversely, inappropriately high PEEP levels may lead to 
overdistention [6]. Regarding PEEP and ECCO2R, in the 
SUPERNOVA pilot trial, which investigated the feasibil-
ity and safety of three different ECCO2R systems in ARDS 
patients, PEEP was titrated to target a plateau pressure 
(PPLAT) of 23–25 cmH2O, yielding a median value of 15.5 
[10.0–16.0] cmH2O. In the recently completed REST 
trial, which evaluated the impact of ECCO2R on mortal-
ity in ARDS, PEEP was based on ARDSNet tables, result-
ing in a mean value of 11.3 (± 3.1) cmH2O [7].

Electrical impedance tomography (EIT) allows indi-
vidual, non-invasive, real-time, bedside, radiation-free 
imaging of the lungs, providing global and regional 
dynamic lung analyses. Recent study results underscore 
the utility of EIT in identifying the optimal PEEP during 
venovenous extracorporeal membrane oxygenation with 
low tidal volume [8]. To provide new insights for future 
ECCO2R research in ARDS and to avoid a "one size fits 
all" approach we present a potential application of EIT 
to personalize PEEP selection under ECCO2R, following 
each decrease in tidal volume.

Patient
A 72-year-old male with no prior respiratory history was 
intubated due to SARS-CoV-2-related moderate ARDS. 
His respiratory mechanics progressively worsened, with a 
respiratory system compliance (CRS) of 22 mL/cmH2O, a 
driving pressure (ΔP) of 19 cmH2O and a tidal volume of 
420 mL at a PEEP level of 11 cmH2O. ECCO2R was initi-
ated to enhance ultra-protective lung ventilation.

Assessment
ECCO2R was initiated as part of the PRISMALUNG 
study (BXU542357). The patient was deeply sedated and 
paralyzed under assist-control volumetric ventilation. 
The tidal volume was adjusted to target 6, 5 and 4  mL/
Kg of predicted body weight (PBW), each step lasting 
10  min. The ‘best’ positive end-expiratory pressure was 

determined for each tidal volume levels, by EIT during 
a decremental PEEP trial from 15 cmH2O to 5 cmH2O, 
with steps of 2 cmH2O for a duration of 2 min [9]. Bed-
side parameters are derived from the calculus of rela-
tive changes in pixel compliance and estimate alveolar 
collapse and hyperdistension according to the Costa 
algorithm [10]. We assessed respiratory parameters 
with esophageal pressure and ventilation distribution 
with EIT (Dräger, Pulmovista, Lübeck, Germany) at the 
end of a stabilization period of 10 min after each reduc-
tion of tidal volume at the ‘best’ PEEP derived from EIT 
(PEEPEIT) (Fig.  1). Ventilator data were continuously 
recorded by the EIT-device through a serial interface 
(Medibus, Dräger Medical, Lübeck, Germany) from the 
ventilator (Dräger, C500, Lübeck, Germany). The blood 
flow of ECCO2R was gradually set at 400 mL/min with-
out gas flow. Gaz flow was started as soon as PaCO2 
was > 50 mmHg.

Results
The optimal PEEPEIT, determined after each PEEP trial 
after reduction of tidal volume was relatively low (< 10 
cmH2O). The decrease in tidal volume associated with 
PEEPEIT level resulted in three outcomes:

•	 First, an improvement in lung compliance (CL) asso-
ciated with a slight increase in end-expiratory lung 
impedance (EELI).

•	 Secondly, as expected with ECCO2R, a reduction 
in ΔP and a decrease in the intensity of mechanical 
ventilation, assessed by mechanical power (MP) cal-
culated according to the equation proposed by Gat-
tinoni et al. [11].

•	 To finish, this approach led to a more homogene-
ous ventilation pattern, as indicated by a shift in the 
ratio between anterior and posterior lung zones from 
39/61 to 46/54 between tidal volumes of 6 and 4 mL/
Kg.

It is noteworthy that there was no difference in oxygen-
ation at different levels of tidal volume, and we did not 
observe any hemodynamic events.

Fig. 1  (from top to bottom): decremental PEEP trials from 15 cmH2O to 5 cmH2O (by steps of 2 cmH2O), at each level of tidal volume (VT). Clinical, 
respiratory and EIT parameters at VT of 6, 5 and 4 ml/kg of PBW with PEEP set at the best EIT-derived PEEP. The last insert represents percentages 
of variation in impedance during ventilation (ΔZ) in the right (R) and left (L) half of the lung, and anterior (A) and posterior (P) half of the lung. Δ 
EELI: end-expiratory lung impedance variation. ECCO2R: Extracorporeal carbon dioxide removal. PPLAT: plateau pressure. ΔP: driving pressure defined 
as the difference between plateau pressure and total PEEP. PLend-insp ER derived: transpulmonary pressure at end inspiration, computed as follows: PPLAT 
x (EL/Ers) where EL is the lung elastance and Ers the respiratory system elastance; PLend-exp: transpulmonary pressure at end expiration CRS: respiratory 
system compliance. CL: lung compliance. Ccw: Chest wall compliance. MP: Mechanical power. EIT: electrical impedance tomography. RVD: Regional 
ventilatory delay. C loss HP: Compliance loss at high pressure (i.e. overdistention). C loss LP: Compliance loss at low pressure (i.e. collapse)

(See figure on next page.)
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Fig. 1  (See legend on previous page.)
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Discussion
The reduction of tidal volume in ARDS, facilitated 
by ECCO2R, primarily aims to decrease VILI. Ultra-
protective ventilation supported by extra-corporeal 
devices failed to improve survival in current RCTs [7]. 
Whether universal ultra-protective ventilation set-
tings can be applied and benefit to all patients remains 
controversial. A bundle of tidal volume, I/E ratio, res-
piratory rate and PEEP level should be daily adjusted to 
reduce both baro- and atelec-trauma. An inappropriate 
PEEP level can lead to alveolar collapse or overdisten-
sion, and potentially negate the benefits of tidal volume 
reduction. EIT allows real-time monitoring of the dere-
cruitment associated with the decrease of tidal volume 
and guides the physician with determining the optimal 
PEEP value after each reduction in tidal volume. This 
value was ultimately lower compared to PEEP proposed 
in guidelines and clinical trials [1, 2, 7]. In the present 
issue, EIT allowed the selection of personalized PEEP 
levels accross different tidal volume settings, balancing 
recruitability and overdistention, maintaining a reduc-
tion in mechanical ventilation intensity, and resulting 
in a more homogeneous distribution of mechanical 
ventilation.

Our report has also limitations. First, given the short 
stabilization period between the PEEP trials and serial 
measurements, each PEEP trial could have had an 
impact on the lung recruitment, although the highest 
PEEP was relatively low (15 cmH2O) if we consider it 
as a recruitment maneuver. Second, the assessment of 
tidal recruitability was not performed in this patient 
and may have underestimate the effect of tidal recruit-
ment impacted by tidal volume lowering [12]. Thirdly, 
the PEEP level achieved using the crossing point strat-
egy is not directly measured by the EIT device, but 
rather inferred by our team based on the interpolation 
of overdistention and collapse curves. Additionally, the 
determined PEEP level from the crossing point is influ-
enced by the range of PEEP settings. This variability can 
be attributed to the computational method employed 
for assessing lung collapse and overdistension, which 
involves comparing maximal compliance with current 
compliance for each pixel at a specified PEEP level. At 
lower PEEP levels, overdistension is consistently cal-
culated as zero due to the algorithm’s design, although 
it is conceivable that overdistention may not truly be 
absent. The crossing point would have been perhaps 
different  with other ranges of PEEP during the PEEP 
trial. Although PEEPEIT tends to reduce both overdis-
tension and collapse, this does not necessarily mean 
that this PEEP level will be the one that best mitigates 
VILI despite a more homogenous ventilation [13, 14].

Conclusion
During tidal volume reduction under ECCO2R, EIT 
allows the personalization of the PEEP level by allowing a 
bedside evaluation of the compromise between recruita-
bility and overdistention, even if the EIT based technique 
is still not free from uncertainties. This original descrip-
tion presents a strategy avoiding the "one-size-fits-all" 
approach to mechanical ventilation in ARDS patients, 
and suggests potential future aspects of research on 
ARDS and ECCO2R.

Abbreviations
ECCO2R	� Extracorporeal carbon dioxide removal
ARDS	� Acute respiratory distress syndrome
VILI	� Ventilator-induced lung injury
PBW	� Predicted body weight
PPLAT	� Plateau pressure
CRS	� Respiratory system compliance
CL	� Lung compliance
CCW	� Chest wall compliance
ΔP	� Driving pressure
PEEPEIT	� ‘Best’ PEEP derived from EIT
EELV	� End-expiratory lung volume
MP	� Mechanical Power
VT	� Tidal volume

Acknowledgements
Pulmovista were furnished by Draguer. Draguer was not involved in the study 
design, collection, analysis, interpretation of data, the writing of this article or 
the decision to submit it for publication.

Author contributions
BP: data collection, data analysis, data interpretation, writing, MK: data collec-
tion, data analysis, data interpretation, writing, ML: data interpretation, writing. 
AC: data interpretation, writing BL: data interpretation, writing. All authors read 
and approved the final manuscript.

Funding
There was no specific funding for this work.

Availability of data and materials
The data used and/or analysed during the current assessment are available 
from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate 
Informed consent was obtained from the patient.

Consent for publication
Informed consent was obtained from the patient.

Competing interests
The authors declare that they have no competing interests.

Received: 6 February 2024   Accepted: 11 April 2024

References
	1.	 Combes A, Fanelli V, Pham T, Ranieri VM. Feasibility and safety of extracor-

poreal CO2 removal to enhance protective ventilation in acute respiratory 



Page 5 of 5Pequignot et al. Critical Care          (2024) 28:124 	

distress syndrome: the SUPERNOVA study. Intensive Care Med mai. 
2019;45(5):592–600.

	2.	 Combes A, Auzinger G, Capellier G, Du Cheyron D, Clement I, Consales G, 
et al. ECCO2R therapy in the ICU: consensus of a European round table 
meeting. Crit Care déc. 2020;24(1):490.

	3.	 Combes A, Brodie D, Aissaoui N, Bein T, Capellier G, Dalton HJ, et al. Extra-
corporeal carbon dioxide removal for acute respiratory failure: a review 
of potential indications, clinical practice and open research questions. 
Intensive Care Med. 2022;48(10):1308–21.

	4.	 Barbič B, Bianchi C, Madotto F, Sklar MC, Karagiannidis C, Fan E, et al. 
The failure of extracorporeal carbon dioxide removal may be a failure of 
technology. Am J Respir Crit Care Med. 2024;202:309–1628.

	5.	 Serpa Neto A, Deliberato RO, Johnson AEW, Bos LD, Amorim P, et al. 
Mechanical power of ventilation is associated with mortality in critically 
ill patients: an analysis of patients in two observational cohorts. Intensive 
Care Med. 2018;44(11):1914–22.

	6.	 Terragni PP, Rosboch G, Tealdi A, Corno E, Menaldo E, Davini O, et al. Tidal 
hyperinflation during low tidal volume ventilation in acute respiratory 
distress syndrome. Am J Respir Crit Care Med. 2007;175(2):160–6.

	7.	 McNamee JJ, Gillies MA, Barrett NA, Perkins GD, Tunnicliffe W, Young D, 
et al. Effect of lower tidal volume ventilation facilitated by extracorporeal 
carbon dioxide removal vs standard care ventilation on 90-day mortality 
in patients with acute hypoxemic respiratory failure: the rest randomized 
clinical trial. JAMA. 2021;326(11):1013.

	8.	 Franchineau G, Bréchot N, Lebreton G, Hekimian G, Nieszkowska A, Trouil-
let JL, et al. Bedside contribution of electrical impedance tomography to 
setting positive end-expiratory pressure for extracorporeal membrane 
oxygenation-treated patients with severe acute respiratory distress 
syndrome. Am J Respir Crit Care Med. 2017;196(4):447–57.

	9.	 Kobylianskii J, Murray A, Brace D, Goligher E, Fan E. Electrical impedance 
tomography in adult patients undergoing mechanical ventilation: a 
systematic review. J Crit Care. 2016;35:33–50.

	10.	 Costa ELV, Borges JB, Melo A, Suarez-Sipmann F, Toufen C, Bohm SH, 
et al. Bedside estimation of recruitable alveolar collapse and hyperdis-
tension by electrical impedance tomography. Intensive Care Med juin. 
2009;35(6):1132–7.

	11.	 Gattinoni L, Tonetti T, Cressoni M, Cadringher P, Herrmann P, Moerer O, 
et al. Ventilator-related causes of lung injury: the mechanical power. 
Intensive Care Med. 2016;42(10):1567–75.

	12.	 Mojoli F, Pozzi M, Arisi E, Mongodi S, Orlando A, Maggio G, et al. Tidal lung 
hysteresis to interpret PEEP-induced changes in compliance in ARDS 
patients. Crit Care. 2023;27(1):233.

	13.	 Heines SJH, De Jongh SAM, Strauch U, Van Der Horst ICC, Van De Poll 
MCG, Bergmans DCJJ. The global inhomogeneity index assessed by 
electrical impedance tomography overestimates PEEP requirement 
in patients with ARDS: an observational study. BMC Anesthesiol. 
2022;22(1):258.

	14.	 Blankman P, Hasan D, Erik G, Gommers D. Detection of ‘best’ positive 
end-expiratory pressure derived from electrical impedance tomography 
parameters during a decremental positive end-expiratory pressure trial. 
Crit Care. 2014;18(3):R95.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Contribution of electrical impedance tomography to personalize positive end-expiratory pressure under ECCO2R
	Abstract 
	Patient
	Assessment
	Results
	Discussion
	Conclusion
	Acknowledgements
	References


