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We read with great interest the viewpoint by Cove and
coworkers entitled “Are we ready to think differently
about setting PEEP?, recently published in the jour-
nal [1]. The authors provide an insightful explanation of
the unresolved issue of positive end-expiratory (PEEP)
setting in acute respiratory distress syndrome (ARDS)
patients, addressing the pitfalls of the protocols foresee-
ing stepwise increases in PEEP proportional to the frac-
tion of inspirated oxygen (FiO,) required to maintain
arterial oxygen levels within a physiological range (the
so-called PEEP-FiO, tables) [2]. These PEEP-FiO, tables
are based on the concept that there is a substantial cor-
relation between ARDS severity and lung recruitability
[3]; due to their simplicity to use, they are often applied
at the bedside and used as control strategy in randomized
studies, especially as no other approach has been proven
superior in terms of clinical outcome in randomized
trials.

Indeed, lung recruitability as a response to PEEP has
wide inter-subject variability. High PEEP in patients with
poor recruitability increases static stress and strain and
may induce right ventricular dysfunction, finally contrib-
uting to ventilator-induced lung injury and multi-organ
dysfunction. Low PEEP in recruitable patients does not
fully exert its potential benefits, which include avoid-
ance of atelectrauma and reduction in the mechanical
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distortion provided by tidal volume in the aerated lung
(i.e., the dynamic strain) [4]. Cove and coworkers pro-
pose that a PEEP-setting approach to target the highest
respiratory system compliance (and lowest driving pres-
sure), which can be easily measured on every mechanical
ventilator, can identify the PEEP level that best benefits
the patient. From authors’ perspective, if PEEP gener-
ates recruitment of functional lung units, compliance
increases; conversely, if few or no functional units are
recruited, compliance remains unchanged or decreases
due to overdistension of already open lung tissue. This
hypothesis comes from the classical physiological con-
cept of proportionality between respiratory system com-
pliance and aerated lung size [5].

The idea of personalizing PEEP based on the amount
of individual recruitment is physiologically sound [6].
Unfortunately, raising evidence indicates that PEEP-
induced changes in compliance and driving pressure are
inaccurate measures of the amount of recruitment. This
happens both in COVID-19 and non-COVID-19 ARDS.

Alveolar recruitment can be measured with different
tools: Computed tomography scan provides information
about the so-termed tissue recruitment; electrical imped-
ance tomography, pressure—volume curves and their
derived indices (as the recruitment-to-inflation ratio)
measure gas recruitment in the lungs [7, 8].

In a recent computed tomography scan study, sig-
nificant tissue recruitment was not systematically
accompanied by increases in compliance, nor absence
of recruitment could be identified by unchanged or
reduced compliance [9]. Regarding gas recruitment, we
re-analyzed data from a previously published study on

©The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13054-022-04109-7&domain=pdf

Grieco et al. Critical Care (2022) 26:234

30 COVID-19 suffering from moderate-to-severe ARDS
early after intubation [10]: Respiratory mechanics were
measured at PEEP 15 and 5 cmH,0O, and alveolar recruit-
ment was measured through a simplified derecruitment
maneuver. With constant tidal volume, change in PEEP
from 5 to 15 cmH,0O was associated with increased
(>5 ml/cmH,0) compliance in 6 patients (20%),
unchanged compliance in 11 patients (37%) and reduced
(<5 ml/cmH,0) compliance in 13 patients (43%). Aver-
age alveolar recruitment was 32 ml per cmH,O of applied
PEEP, and mean recruitment-to-inflation ratio was 0.81.
As shown in Fig. 1, neither alveolar recruitment nor
the recruitment-to-inflation ratio could be predicted by
changes in respiratory system compliance (p=0.58 and
p=0.14, respectively).

These data indicate that compliance and driving pres-
sure are ineffective estimates of PEEP-induced lung
recruitment, both if recruitment is assessed as tissue
recruitment with computed tomography scan or as gas
recruitment with pressure—volume curves-derived indi-
ces. Using compliance and driving pressure to assess the
response to PEEP may seriously mislead clinicians.

There are several mechanisms that explain why the
“physiologically sound” model foreseeing that changes
in compliance reflect presence or absence of recruit-
ment fails to work in clinical practice. First, compliance
and driving pressure are global measures and do not
account for the regional behavior of lung tissue; alveolar
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recruitment and overdistension are regional and hetero-
geneous phenomena. Second, tidal recruitment is a com-
mon phenomenon in ARDS patients, especially at low
PEEP. Tidal recruitment is the cyclic opening and clos-
ing of alveolar units during tidal ventilation. When this
occurs, alveolar units that are collapsed at end-expiration
reopen due to the increase in airway pressure produced
by tidal volume inflation. Respiratory system compliance
is the sum of the compliance of each alveolar unit that is
open at end-inspiration. When a collapsed alveolar unit
reopens during inspiration, as it is in case of tidal recruit-
ment, its individual compliance tends toward infinity.
This finally increases static respiratory system compli-
ance. This is why tidal recruitment makes static compli-
ance very high at low PEEP and explains why increases in
PEEP, which limits tidal recruitment, may generate wors-
ening compliance also in case of significant recruitment.
In our study [10], 80% of patients showed unchanged
or decreased compliance in spite of alveolar recruit-
ment within average values. Reduced compliance and
increased driving pressure despite significant recruit-
ment have been reported also in patients with ARDS of
non-COVID-19 etiology [11].

Importantly, one large randomized trial on more than
1,000 patients showed that PEEP set to maximize respira-
tory system compliance (and limit driving pressure) may
worsen patients’ survival, as compared to the low-PEEP-
FiO, table [12].
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Fig. 1 Potential for lung recruitment and changes in respiratory system compliance induced by PEEP in 30 ARDS patients. Re-analysis of data from
[10]. Lung recruitability (assessed as absolute recruited volume normalized to the change in PEEP—TIeft, and the recruitment-to-inflation ratio—
right) in patients who showed increased, unchanged (defined as a clinically relevant modification of <5 ml/cmH,0) or diminished respiratory
system compliance as a response to 10-cmH,O PEEP increase. Changes in respiratory system compliance are ineffective measure of the recruitment
induced by PEEP. Data from individual patients, medians and interquartile ranges are displayed. The dotted horizontal lines represent the mean
values of recruitment and recruitment-to-inflation ratio in the study cohort. Data were analyzed with the Kruskal Wallis test. Cyg=respiratory system
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We fully agree with Cove and coworkers that the search
for a personalized PEEP-setting strategy for moderate-
to-severe ARDS patients is of utmost importance and
represents a research priority. Assessment of respira-
tory system compliance and limiting driving pressure are
essential to guide tidal volume setting [13]. Differently,
clinical and physiological data do not support the use
of a PEEP-setting strategy to target maximal respiratory
system compliance (or minimal driving pressure) during
ARDS.

From a clinical standpoint, setting PEEP with the aim of
achieving a transpulmonary pressure close to 0 cmH,O
seems promising in obese patients [14, 15]. Other phys-
iology-based protocols providing individualized PEEP
driven by lung recruitability assessment through elec-
trical impedance tomography, recruitment-to-inflation
ratio (NCT03963622) or bedside lung volume measure-
ment (NCTO04012073) are being tested in randomized
trials and will hopefully illuminate the important aspect
of PEEP individualization during ARDS.
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