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LETTER TO THE EDITOR

Electrical impedance tomography:
the solution for lung morphology assessment?
Florian Blanchard1,2 , Adrien Picod3 and Jean‑Michel Constantin1,2,4*

Dear editor,
We read with great interest the study by Guillaume
Franchineau et al. [1], which assessed regional ventilation
during prone positioning in acute respiratory distress
syndrome (ARDS) patients treated with venovenousextracorporeal membrane oxygenation (ECMO) using
electrical impedance tomography (EIT). In this work, the
authors found that patients with a compliance gain after
prone positioning (defined as an increase in static respiratory system compliance of more than 3 mL/cmH2O)
had a lower repartition of the tidal volume in the dorsal
region of the lung at baseline. In these patients, compliance gain was associated with a reduction in PaCO2,
despite constant sweep gas flow, suggesting a decrease
in dead-space. Interestingly, this specific pattern of ventilation distribution evokes the one described in patients
with focal ARDS. Indeed, different ARDS phenotypes
have been defined using lung tomography [2]: focal or
lobar ARDS with a loss of aeration in the lower and dorsal part of the lung while the upper lobes are not visually affected. And, in contrast, non-focal or diffuse ARDS
in which loss of aeration is diffuse, affecting both ventral and dorsal regions. Strikingly, patients with focal
ARDS respond to prone positioning in the same way as
the patients exhibiting an increase in compliance during
prone position in the Franchineau’s study. Although both
focal and non-focal ARDS show improved oxygenation
after prone positioning, only focal ARDS gain compliance and exhibit reduced PaCO2 [3]. As pointed out by
Franchineau et al., the reduction of P
 aCO2 and not the
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increase of PaO2 has been linked to the beneficial impact
of prone positioning. Thus, if prone positioning may benefit all ARDS patients, resulting in a more homogeneous
distribution of aeration and reduced dead-space, its beneficial impact on survival is probably largely influenced
by the predominance of the focal pattern among ARDS
patients. This hypothesis was studied in the LIVE study
which assessed whether a personalized mechanical ventilation tailored for lung morphology could improve ARDS
survival outcomes compared to standard of care [4]. The
results for the primary outcome were negative. However,
misclassification of lung morphology occurred in 21%
and excluding those misclassified patients in a per-protocol analysis led to a significant decrease in mortality in
the personalized ventilation group.
Hence, lung morphology assessment seems to be a
major issue. Using a single slice computed tomography to classify lung morphology seems to be inefficient
according to LIVE results [4]. A dynamic lung tomography, defined as a two slices computed tomography (one
obtained at 5 cm H2O and one at 45 cm H2O) to assess
both lung morphology and the potential of lung recruitment could be of more value [5]. However, moving ARDS
patients to CT-scan is not always feasible and safe, especially for patients treated with ECMO. A bedside and
easy-to-use tool with real-time assessment is thus needed
to personalized mechanical ventilation according to lung
morphology. Some authors argue that lung ultrasonography may be of interest [5]. Lung ultrasound is an efficient bedside tool to assess lung morphology allowing to
map the entire subpleural lung parenchyma. Moreover,
similar to lung tomography, lung ultrasonography could
be used to assess changes in lung morphology during a
PEEP trial [5]. However, it does not allow to evaluate lung
overdistension and only focuses on a restricted part of
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the subpleural lung parenchyma. EIT may be more effective, first to assess collapsed and overdistended regions
and determine ARDS morphology, but also as a monitoring tool to assess response to therapies such as positive
end expiratory pressure (PEEP) and prone positioning.
The results of Franchineau et al. may be reconsidered as
an additional clue of the usefulness of EIT in ARDS treatment. Rather than using EIT to monitor local compliance
variation, EIT may be used to select prone position candidates with focal ARDS and to apply an optimal PEEP
after a PEEP trial for non-focal patients.
To conclude, we believe that EIT may be used to assess
lung morphology and apply personalized ventilation
strategy. Further study comparing EIT with dynamic CT
in order to characterize lung phenotype is thus needed.
But first of all, it is mandatory to define what pattern or
measure obtained from EIT could be used to allow a clear
distinction of focal and non-focal ARDS. An example of
such measurements, baseline Vt dorsal/Vt global as suggested by Franchineau’s study, could be of interest but
needs to be prospectively studied and compared with
other EIT-derived indices.
Abbreviations
ARDS: Acute respiratory distress syndrome; ECMO: Extracorporeal membrane
oxygenation; EIT: Electrical impedance tomography; PEEP: Positive end expira‑
tory pressure.
Acknowledgements
Not applicable.
Authors’ contributions
All authors have made substantial contributions to conception and design. All
authors read and approved the final manuscript.
Funding
Not applicable.
Availability of data and materials
Not applicable.
Ethics approval and consent to participate
Not applicable.

Page 2 of 2

Consent for publication
Not applicable.
Competing interests
J-MC reports personal fees and non-financial support from Drager, GE
Healthcare, Sedana Medical, Baxter, and Amomed; personal fees from Fisher
and Paykel Healthcare, Orion, Philips Medical, and Fresenius Medical Care; and
non-financial support from LFB and Bird Corporation, outside of the submitted
work. All other authors declare that they have no competing interests.
Author details
Medecine Sorbonne-Université, DMU DREAM, APHP-Sorbonne Universite,
Pitie-Salpetriere Hospital, Paris, France. 2 GRC ARPE, Medecine SorbonneUniversite, Paris, France. 3 Medecine Sorbonne-Université, Paris, France.
4
Réanimation Chirurgicale, CHU Pitié-Salpêtrière, 47‑83 Boulevard de l’Hôpital,
75013 Paris, France.
1

Received: 5 March 2020 Accepted: 20 July 2020

References
1. Franchineau G, Bréchot N, Hekimian G, Lebreton G, Bourcier S, Demon‑
dion P, et al. Prone positioning monitored by electrical impedance
tomography in patients with severe acute respiratory distress syndrome
on veno-venous ECMO. Ann Intensive Care. 2020;10:12.
2. Jabaudon M, Blondonnet R, Audard J, Fournet M, Godet T, Sapin V, et al.
Recent directions in personalised acute respiratory distress syndrome
medicine. Anaesth Crit Care Pain Med. 2018;37:251–8.
3. Galiatsou E, Kostanti E, Svarna E, Kitsakos A, Koulouras V, Efremidis SC,
et al. Prone position augments recruitment and prevents alveolar overin‑
flation in acute lung injury. Am J Respir Crit Care Med. 2006;174:187–97.
4. Constantin J-M, Jabaudon M, Lefrant J-Y, Jaber S, Quenot J-P, Langeron O,
et al. Personalised mechanical ventilation tailored to lung morphology
versus low positive end-expiratory pressure for patients with acute respir‑
atory distress syndrome in France (the LIVE study): a multicentre, singleblind, randomised controlled trial. Lancet Respir Med. 2019;7:870–80.
5. Chiumello D, Froio S, Bouhemad B, Camporota L, Coppola S. Clinical
review: lung imaging in acute respiratory distress syndrome patients—an
update. Crit Care. 2013;17:243.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

