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Positive end-expiratory pressure (PEEP) has been an important component of mechani-
cal ventilation for over 50  years, yet PEEP selection remains highly debatable in the 
critical care community. Despite numerous studies trying to answer the ‘PEEP question’, 
there are often conflicting opinions when it comes to recommendations based on clini-
cal trials [1].

Three major studies (ALVEOLI, LOVS, EXPRESS) assessing higher versus lower 
PEEP in combination with low tidal volume (Vt) for acute respiratory distress syndrome 
(ARDS) failed to show decrease in mortality, although a meta-analysis of the three tri-
als suggested a survival benefit for a subgroup of patients with severe ARDS [2]. It is 
universally accepted that higher PEEP may be helpful in ARDS patients where recruita-
bility is expected but proves harmful in other groups of patients contributing to ventila-
tion induced lung injury (VILI). Therefore, as many authors have suggested that not only 
one PEEP does not fit all, but also looking for the ‘best’ PEEP has little meaning because 
within mechanical power, it is just one part of the whole [3].

Since the introduction of PEEP into clinical practice, researchers have been focusing 
on finding the single most suitable PEEP that usually corresponded to best lung mechan-
ics (i.e., highest compliance of the respiratory system) or oxygenation. However, we 
would like to challenge this idea and introduce another approach to PEEP research in 
critically ill lungs. We hypothesize, that patients with nonhomogeneous lungs could be 
supported on mechanical ventilation using multiple and alternating levels of PEEP. In 
the following paragraphs, we will list and elaborate on several reasons supporting our 
hypothesis of potential benefits of using multiple alternating PEEP levels.

First, Suter demonstrated similar respiratory system compliance (CRS) at different 
PEEP levels that depended on the Vt delivered [4]. Data from our research on COVID-
19-related ARDS identified rather a range of suitable PEEP levels where most param-
eters of lung mechanics during pressure-controlled ventilation show very similar values 
(Fig. 1). This range of PEEP levels was relatively wide: 5–8 cm H2O. Range of suitable 
PEEP levels was also reported by other authors assessing driving pressure using vol-
ume-controlled ventilation with different Vt (4, 6 and 8 ml/kg of predicted body weight 
[PBW]) [5].
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Second, the degree of recruitability varies widely in patients with ARDS. If constant 
inspiratory pressure is applied during the ascending PEEP levels and increase in Vt is 
observed, lungs are considered recruitable [6]. Given the previous studies and current 
knowledge, what PEEP level should be chosen if the lungs show evidence of similar 
recruitability at more than just one PEEP level? Furthermore, what deviation from the 
‘best’ value is considered significant to guide the most appropriate PEEP selection? 
This is the range of suitable PEEP levels that show very similar values in the suppos-
edly recruitable zone. Should the highest PEEP where best compliance is observed be 
selected, or rather the lowest PEEP with still satisfactory oxygenation?

Third, ventilation with single PEEP level within recruitable zone of ARDS lungs 
means that some alveoli will not be recruited, and some will be overdistended with 
respect to pathophysiology of the ‘baby lungs’, including different regional time con-
stants and opening airway pressures [7].

Fourth, alveolar dynamics continues to represent a “black box” of mechanical venti-
lation. Intra-tidal collapse has been rightfully feared to contribute to VILI. However, 
it has been shown that intra-tidal collapse and decollapse was similar at PEEPs of 5 
and 15 cmH2O in ARDS patients and that PEEP as high as 15 cmH2O did not prevent 
cyclic alveolar opening and closing [8]. Alveolar collapse happening during tidal ven-
tilation with presumed sufficiently high PEEP is likely because the single best PEEP 
only represents the best tradeoff between recruitment and overdistension.

As Gattinoni et al. stated, “The best PEEP does not exist. To pretend and claim that 
we may find a PEEP level that avoids intra-tidal recruitment–derecruitment, provid-
ing in the meantime the best compliance, best oxygenation and lowest dead space, 
without causing hyperinflation and affecting hemodynamics, reflects a wishful dream 
that has nothing to do with the reality” [9].

Perhaps alternating multiple levels of PEEP should be the parallel focus of research 
where similar lung mechanics are identified. Reasons to use alternating multiple lev-
els of PEEP during mechanical ventilation while delivering controlled or supported 
breaths at each PEEP level, are:

1.	 It was shown on a 5-compartmental model of nonhomogenous lung that the part of 
Vt is redistributed from shorter to longer time constant compartments when using 

Fig. 1  PEEP titration using constant inspiratory pressure of 14 cmH2O during pressure-controlled ventilation 
(PCV) in two different passive severe COVID-19 ARDS patients. Colored boxes are pointing out similar lung 
mechanics at different PEEP levels. Vte—expiratory tidal volume, CRS—respiratory system compliance, Vd/
Vt—dead space fraction, VA—alveolar ventilation, PEEP—positive end-expiratory pressure
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multiple levels of PEEP [10]. In clinical practice, this may represent better aeration 
and decrease in ventilation inhomogeneities.

2.	 Higher PEEP is not sustained and therefore negative consequences (i.e., higher 
mechanical power delivered to the lung tissue or negative impact on hemodynamics) 
might not be so pronounced.

3.	 If the recruitable zone of the ARDS lungs is larger than delivered protective Vt (i.e., 
6 ml/kg/PBW), then using constantly alternating multiple PEEP levels might allow 
improved recruitment without significantly increasing driving pressure (i.e., protec-
tive Vt is delivered at different PEEP levels, thus ventilating bigger part of recruitable 
zone of ARDS lung).

Therefore, if we acknowledge that intra-tidal collapse cannot be avoided and also know 
that ‘highest’ compliance, ‘best’ oxygenation and ‘lowest’ Vd/Vt, all occur at different PEEP 
levels, should research focus continue to seek the single best PEEP or rather consider a dif-
ferent approach? Targeting recruitable zone of the nonhomogenous lungs using multiple 
alternating PEEP levels throughout the acute phase of ARDS, might propose an alternative 
approach on which to focus further research efforts.

Abbreviations
ARDS: Acute respiratory distress syndrome; COVID-19: Coronavirus disease 2019; CRS: Respiratory system compliance; 
PBW: Predicted body weight; PCV: Pressure-controlled ventilation; PEEP: Positive end-expiratory pressure; VA: Alveolar 
ventilation; Vd/Vt: Dead space fraction; VILI: Ventilator-induced lung injury; Vt: Tidal volume; Vte: Expiratory tidal volume.

Acknowledgements
Not applicable.

Authors’ contributions
All authors read, reviewed the manuscript for important intellectual content and approved the final manuscript. All 
authors read and approved the final manuscript.

Funding
The funding institutions had no role in the conception, design, or conduct of the study; the collection, management, 
analysis, interpretation, or presentation of the data; or the preparation of the manuscript.

Availability of data and materials
Any data-related questions should be directed to the corresponding author.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
FD and MG disclose research funding from IPM Chirana and EU Grant (No. 313011ATG9). MZ has no conflicts of interest 
to disclose.

Author details
1 Department of Anesthesiology and Intensive Care, East Slovak Institute for Cardiovascular Diseases, Ondavská 8, 040 
11 Košice, Slovakia. 2 Faculty of Medicine, Pavol Jozef Šafárik University, Košice, Slovakia. 3 Department of Anesthesiology, 
Intensive Care and Pain Management, University Medical Centre Maribor, Maribor, Slovenia. 4 Faculty of Medicine, Univer-
sity of Ljubljana, Ljubljana, Slovenia. 5 IPM Chirana Inc, Durham, NC, USA. 

Received: 21 January 2022   Accepted: 16 March 2022



Page 4 of 4Depta et al. Intensive Care Medicine Experimental            (2022) 10:9 

References
	1.	 Papazian L, Aubron C, Brochard L et al (2019) Formal guidelines: management of acute respiratory distress syn-

drome. Ann Intensive Care 9:69
	2.	 Briel M, Meade M, Mercat A et al (2010) Higher vs lower positive end-expiratory pressure in patients with acute lung 

injury and acute respiratory distress syndrome: systematic review and meta-analysis. JAMA 303(9):865–873
	3.	 Coppola S, Froio S, Chiumello D (2018) Higher vs. lower PEEP in ARDS: just one part of the whole. J Thorac Dis 

10(1):56–59
	4.	 Suter PM, Fairley HB, Isenberg MD (1978) Effect of tidal volume and positive end-expiratory pressure on compliance 

during mechanical ventilation. Chest 73(2):158–162
	5.	 McKown AC, Semler MW, Rice TW (2018) Best PEEP trials are dependent on tidal volume. Crit Care 22:115
	6.	 Del Sorbo L, Tonetti T, Ranieri VM (2019) Alveolar recruitment in acute respiratory distress syndrome: should we 

open the lung (no matter what) or may accept (part of ) the lung closed? Intensive Care Med 45:1436–1439
	7.	 Karagiannidis C, Waldmann AD, Róka PL et al (2018) Regional expiratory time constants in severe respiratory failure 

estimated by electrical impedance tomography: a feasibility study. Crit Care 22:221
	8.	 Cressoni M, Chiumello D, Algieri I et al (2017) Opening pressures and atelectrauma in acute respiratory distress 

syndrome. Intensive Care Med 43:603–611
	9.	 Gattinoni L, Carlesso E, Cressoni M (2015) Selecting the “right” positive end-expiratory pressure level. Curr Opin Crit 

Care 21(1):50–57
	10.	 Török P (2008) The theory and simplified mathematical model of multi-level intermittent positive pressure ventila-

tion. Anest intenziv Med 19(2):96–104

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


	Should we continue searching for the single best PEEP?
	Acknowledgements
	References


