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Dear Editor,

With great interest we have read the recent paper in the 
journal ’Critical Care,’ titled: ‘The future of intensive care: 
delirium should no longer be an issue,’ by Kotfis et al. [1]. 
Kotfis et al. state that the major factor to prevent delirium 
on an intensive care unit (ICU) is an awake, non-sedated 
patient [1]. However, the standard mechanical ventilation 
support on the ICU is through positive pressure ventila-
tion (PPV), and in the cases that this ventilation support 
requires intubation of the patient, sedatives are frequently 
administered. Sedation is a major risk factor to develop 
delirium [2, 3]. Delirium is harmful for the brain as it is 
associated with long-term cognitive impairment [3].

Kotfis et al. recommend that new technologies should 
be implemented for delirium prevention [1]. In response 
to that suggestion, we would like to draw the attention 
of the ICU community to the reintroduction of nega-
tive pressure respiratory support [4, 5]. Patients receiv-
ing ventilation support by negative pressure ventilation 
(NPV) do not require intubation, so the need for seda-
tion is greatly reduced. Therefore, NPV will avoid one of 
the major risk factors for delirium: sedatives. Moreover, 
since patients remain conscious during negative pressure 
ventilation support, the medical staff and family can con-
tinue to communicate with the patients. This diminishes 
the risk of developing a post-intensive care syndrome 

(PICS), which includes not only cognitive decline but also 
psychiatric symptoms like depression and post-traumatic 
stress disorder (PTSD) [1, 2].

By avoiding the use of sedatives negative pressure res-
piratory support protects the brain. NPV may prove to be 
a worthy addition to the current range of respiratory sup-
port strategies [4, 5].

Author’s reply to Correspondence “Negative 
pressure ventilation protects the brain”

Katarzyna Kotfis6*, Irene van Diem‑Zaal7,8,  
Shawniqua Williams Roberson9,10,11, Marek Sietnicki12, 
Mark van den Boogaard7, Yahya Shehabi13,14 and  
E. Wesley Ely9,15,16

*Correspondence: katarzyna.kotfis@pum.edu.pl

6 Department of Anesthesiology, Intensive Therapy and Acute Intoxications, 
Pomeranian Medical University, Szczecin, Poland.
7 Department of Intensive Care, Radboud Institute for Health Sciences, Rad‑
boud University Medical Center, Nijmegen, The Netherlands.
8 Department of Intensive Care Medicine, University Medical Center 
Utrecht, Utrecht, The Netherlands
9 Critical Illness, Brain Dysfunction, and Survivorship (CIBS) Center, Center 
for Health Services Research, Nashville, TN, USA
10 Department of Neurology, Vanderbilt University Medical Center, 
Nashville, TN, USA
11 Department of Biomedical Engineering, Vanderbilt University, Nashville, 
TN, USA
12 Department of Architecture, West Pomeranian University of Technology 
in Szczecin,  Szczecin, Poland
13 Monash Health School of Clinical Sciences, Monash University, 
Melbourne, VIC, Australia
14 School of Clinical Medicine, University of New South Wales, Sydney, 
NSW, Australia
15 Division of Allergy, Department of Medicine, Pulmonary, and Critical Care 
Medicine, Vanderbilt University Medical Center, Nashville, TN, USA
16 Geriatric Research, Education and Clinical Center (GRECC) Service, Nashville 
Veterans Affairs Medical Center, Tennessee Valley Healthcare System, Nashville, 
TN, USA. 

Open Access

This comment refers to the article available online at https://​doi.​org/​10.​1186/​
s13054-​022-​04077-y.

*Correspondence:  tineke.vanrijn@donders.ru.nl

1 Donders Institute for Brain, Cognition and Behaviour, Donders Centre 
for Cognition, Radboud University, Thomas van Aquinostraat 4, 6525 
GD Nijmegen, The Netherlands
Full list of author information is available at the end of the article

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/s13054-022-04150-6&domain=pdf
https://doi.org/10.1186/s13054-022-04077-y
https://doi.org/10.1186/s13054-022-04077-y


Page 2 of 3van Rijn et al. Critical Care          (2022) 26:334 

non-pharmacological support in healing environment 
that minimizes stressors [1, 9].

Abbreviations
ICU: Intensive care unit; NPV: Negative pressure ventilation; PICS: Post-inten‑
sive care syndrome; PPV: Positive pressure ventilation; PTSD: Post-traumatic 
stress disorder.
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We would like to thank van Rijn and colleagues for taking 
time to read our Viewpoint recently published in Critical 
Care [1] and raising attention of the possible benefits 
of continuous external negative-pressure ventilation 
(CENPV) in the context of delirium. We agree that 
excessive sedation is one of the major factors contributing 
to the development of delirium in the intensive care unit 
(ICU) as is intubation and continuous positive-pressure 
ventilation (CPPV). The COVID-19 pandemic, with the 
initial ventilator shortage, has been an overwhelming 
global challenge, but it also brought our attention to 
technology advances in the field of mechanical ventilation 
and towards the use of modalities that do not require 
tracheal intubation.

Experimental data have shown that continuous exter-
nal negative-pressure ventilation simulates natural lung 
movements, reduces the incidence of barotrauma and 
adverse cardiovascular events [6]. Negative-pressure 
ventilation provides more physiological inflation of the 
lung volume during both inspiration and expiration and 
may result in better oxygenation and less lung injury as 
compared with CPPV [6]. According to Raymondos and 
colleagues in patients with acute respiratory distress 
syndrome (ARDS) CENPV with tank respirator leads to 
improved gas exchange at lower transpulmonary, airway 
and intraabdominal pressures [7].

However, the effects of CENPV on the brain and its 
association with delirium remain unknown. Palmer 
et  al. reported a decrease in cerebral blood volume and 
a decrease in both oxygenated and deoxygenated hemo-
globin during CENPV in newborns, suggesting increased 
venous drainage from the cerebral circulation during 
negative pressure ventilation [8].

Nevertheless, to decrease the incidence of delirium 
many overlapping factors must be considered. The devel-
opment of delirium in critically ill patients is multifac-
torial and does not entirely rely on sedation practices, 
but rather on the way we manage critically ill patients 
in general [9]. With CENPV a range of possible fac-
tors contributing to delirium exist that include limited 
access to patients for nursing procedures, possible sen-
sory deprivation and muscle wasting through prolonged 
immobilization, limited physiotherapy, and poor sleep 
hygiene. Moreover, the nursing workload is likely to be 
increased. Despite unquestionable advantages, CENPV 
due to its robust size and technical requirements that 
causes limited mobility may be another factor predis-
posing the patients to delirium. Therefore, further stud-
ies are necessary in this field. The mainstay of delirium 
management is humanitarian care through good sedation 
practices, excellent pain relief, respiratory support per-
sonalized to suit patients’ individual needs, and optimal 

https://doi.org/10.1186/s13054-022-04077-y
https://doi.org/10.1186/s13054-022-04077-y
https://doi.org/10.1016/j.ccc.2022.01.001
https://doi.org/10.1016/j.ccc.2022.01.001
https://doi.org/10.1097/CCM.0b013e3181e47be1
https://doi.org/10.1097/CCM.0b013e3181e47be1
https://doi.org/10.4103/abmj.abmj_7_22
https://doi.org/10.1111/anae.15350


Page 3 of 3van Rijn et al. Critical Care          (2022) 26:334 	

	6.	 Corrado A, Gorini M. Negative-pressure ventilation: is there still a role? Eur 
Respir J. 2002;20(1):187–97. https://​doi.​org/​10.​1183/​09031​936.​02.​00302​
602.

	7.	 Raymondos K, Molitoris U, Capewell M, Sander B, Dieck T, Ahrens J, 
Weilbach C, Knitsch W, Corrado A. Negative- versus positive-pressure ven‑
tilation in intubated patients with acute respiratory distress syndrome. 
Crit Care. 2012;16(2):R37. https://​doi.​org/​10.​1186/​cc112​16.

	8.	 Palmer KS, Spencer SA, Wickramasinghe YA, Wright T, Southall DP, Rolfe 
P. Effects of positive and negative pressure ventilation on cerebral blood 
volume of newborn infants. Acta Paediatr. 1995;84(2):132–9. https://​doi.​
org/​10.​1111/j.​1651-​2227.​1995.​tb135​95.x.

	9.	 Stollings JL, Kotfis K, Chanques G, Pun BT, Pandharipande PP, Ely EW. 
Delirium in critical illness: clinical manifestations, outcomes, and manage‑
ment. Intensive Care Med. 2021;47(10):1089–1103. https://​doi.​org/​10.​
1007/​s00134-​021-​06503-1

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

https://doi.org/10.1183/09031936.02.00302602
https://doi.org/10.1183/09031936.02.00302602
https://doi.org/10.1186/cc11216
https://doi.org/10.1111/j.1651-2227.1995.tb13595.x
https://doi.org/10.1111/j.1651-2227.1995.tb13595.x
https://doi.org/10.1007/s00134-021-06503-1
https://doi.org/10.1007/s00134-021-06503-1

	Negative pressure ventilation protects the brain
	Author’s reply to Correspondence “Negative pressure ventilation protects the brain”
	Acknowledgements
	References


