S

ELS

Since January 2020 Elsevier has created a COVID-19 resource centre with
free information in English and Mandarin on the novel coronavirus COVID-
19. The COVID-19 resource centre is hosted on Elsevier Connect, the

company's public news and information website.

Elsevier hereby grants permission to make all its COVID-19-related
research that is available on the COVID-19 resource centre - including this
research content - immediately available in PubMed Central and other
publicly funded repositories, such as the WHO COVID database with rights
for unrestricted research re-use and analyses in any form or by any means
with acknowledgement of the original source. These permissions are
granted for free by Elsevier for as long as the COVID-19 resource centre

remains active.



Journal of Critical Care xxx (XXXX) XXX

journal homepage: www.journals.elsevier.com/journal-of-critical-care

Contents lists available at ScienceDirect

Journal of Critical Care

Authors reponse: “Clinical characteristics,
physiological features, and outcomes
associated with hypercapnia in patients with
acute hypoxemic respiratory failure due to
COVID-19—Insights from the
PROVENT-COVID study”

In one of the analyses of our observational study named ‘Practice
of VENTilation in COVID-19 patients’ (PROVENT-COVID), we
showed that hypercapnia has associations with development of
acute respiratory distress syndrome (ARDS) and the occurrence of
venous thromboembolic events. The analysis also indicated that hy-
percapnia has associations with the ventilatory ratio and length of
hospital stay.

Bhattacharya and colleagues correctly state that ‘lung-protective
ventilation’ is the cornerstone of management of patients with
ARDS. We would like to stress, however, that this strategy does in-
volve the use of a lower tidal volume and airway pressure, and not
the use of a higher respiratory rate [1]. While we agree that use of
lower tidal volume could result in the need for using a higher respi-
ratory rate, an increase in rate can be prevented by applying another
important lung-protective strategy named ‘permissive hypercap-
nia’, an often-forgotten part of the tested intervention in the semi-
nal ARMA trial [2]. We should also note that use of a higher
respiratory rate has been shown to have associations with worse
outcomes [3].

With regard to the notion that hypercapnia occurred more often
in obese patients, and the suggestion of the ‘obesity paradox’ we
would like to refer to another analysis of PROVENT-COVID, wherein
we showed that mortality was not higher and lung-protective ven-
tilation was applied similarly in overweight and obese patients
compared to normal-weight patients [4]. We appreciate
Bhattacharya and colleagues’ suggestion to explore the association
of the ventilatory ratio with outcomes, and refer to yet another
analysis of the database, wherein we showed that multiple dead
space estimates, including ventilatory ratio, were not indepen-
dently associated with mortality at day 28 [5].

Lastly, we agree that it could be helpful to dive deeper into the
association of oxygenation with outcomes in patients with ARDS
in general, and in patients with COVID-19 ARDS in particular. This
analysis is complex, and is also affected by effects of the applied
positive end-expiratory pressure (PEEP). Indeed, higher PEEP in-
creases the amount of aerated lung, and with that leads to an in-
crease in alveolar ventilation. We recently showed this to be true
also in patients with COVID-19 ARDS, but also showed that this ap-
proach has an association with worse outcomes, possibly related to
hemodynamic side-effects of higher PEEP [6].
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