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Noninvasive support techniques can improve hypoxemia 
in respiratory failure and acute respiratory distress syn-
drome (ARDS) and may help avoid endotracheal intuba-
tion. However, patients who fail noninvasive support are 
burdened by worse clinical outcome. This possibly occurs 
due to delays in endotracheal intubation with progres-
sion of lung injury caused by the prolonged exposure of 
injured lungs to high inspiratory effort combined to ven-
tilatory heterogeneities [1, 2].

High-flow nasal oxygen is currently recommended as 
first-line strategy to treat hypoxemic patients, due to its 
ease of use, enhanced comfort, and improvement of clini-
cal outcomes [3, 4].

Recently, there has been renewed interest in the use of 
noninvasive ventilation (NIV) and continuous positive-
airway pressure (CPAP) delivered through the helmet 
interface. This comes from a deeper understanding of the 
physiology of spontaneous breathing during lung injury, 
and the possible beneficial effects of helmet specific set-
tings, that relieve muscle workload, favor homogeneous 
ventilation, possibly mitigating the risk of self-inflicted 
lung injury [5].

Set‑up
The helmet is a transparent hood that covers the entire 
head of the patient, is sealed through a soft collar around 
the neck that avoids air leaks once the device is pressur-
ized, and is further secured through arm straps (Fig. 1). 

In contrast to facemask NIV and CPAP, skin ulcers are 
seldom observed, and the interface is well tolerated for 
long-term uninterrupted treatments. Furthermore, mini-
mal air leaks permit the successful application of high 
positive end-expiratory pressure (PEEP) with good com-
fort [6].

The helmet can be used to deliver NIV and CPAP. For 
NIV, patients are connected to a mechanical ventilator 
through a bi-tube circuit, and the ventilator is set in the 
pressure support mode (PEEP 10–14  cmH2O, PS 12–16 
 cmH2O, flow trigger 2 L/min, fastest pressurization time, 
cycling off criteria 10–40% of the maximum inspira-
tory flow, maximum inspiratory time 1–1.2 s) [6, 7]. For 
CPAP, a high-flow generator (turbine, air/oxygen blender 
or venturi system) is connected to the interface through a 
single tube and generates a flow of at least 50 L/min; ade-
quacy of the delivered flow prevents decreases in system 
pressure during inspiration and facilitates  CO2 washout. 
PEEP ranging between 10 and 14  cmH2O is produced by 
a valve placed on the exhalation ports of the interface [8].

Gas heating and humidification through heated humid-
ifiers could be advisable during CPAP when gas flow (> 35 
L/min) and  FiO2 (> 60%) are high, especially if an air/oxy-
gen blender is used [9]. Lowering humidification cham-
ber temperature may limit water condensation in the 
interface, in case of discomfort. During NIV, no external 
system for heating and humidification is needed, as the 
interface itself acts as a mixing chamber, enabling ade-
quate conditioning of inhaled gasses [10].

Physiology
The most relevant feature of the helmet interface is the 
possibility to apply higher levels of PEEP in spontane-
ously breathing patients for prolonged periods of time. 
High PEEP during spontaneous breathing exerts relevant 
physiological effects which include: (1) alveolar recruit-
ment, improving hypoxemia and relieving dyspnea, 
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which are the most frequent causes of treatment failure 
[5, 7]; (2) modulation of the inspiratory effort by dia-
phragmatic electro-mechanical uncoupling, yielding 
lower tidal volume, transpulmonary driving pressure and 
transvascular pressure; (3) prevention of the diaphrag-
matic myotrauma induced by intense inspiratory effort; 
(4) more homogeneous distribution of the inspiratory 
effort, with reduction of ventilator inhomogeneities and 
pendelluft phenomenon (the intra-tidal shift of gas from 
non-dependent to dependent lung regions, that causes 
overstretch in the dorsal areas of the lung, perpetuating 
lung injury) [11].

During NIV, but not during CPAP, pressure support 
is applied to assist the inspiration. This helps unload 
respiratory muscle, which may be preferrable in case of 
intense inspiratory effort. The risk of applying pressure 
support in hypoxemic patients is that this sums up with 

the inspiratory effort, finally generating high transpulmo-
nary driving pressure. However, not all applied pressure 
support reaches patient’s airways and contributes to the 
stress applied to the lungs, as part of it is dissipated to 
pressurize and distend the interface. Moreover, due to 
the significant trigger delays caused by interface com-
pliance, inspiratory effort and ventilator assistance are 
(at least in part) out-of-phase, avoiding excessive dumps 
in transpulmonary pressure during inspiration. This de-
synchronization may further enhance lung protection 
[12] (Fig. 1). In this sense, the onset of incidental or sys-
tematic patient-ventilator asynchronies is only an appar-
ent disadvantage of helmet NIV. These are mostly related 
to inspiratory and expiratory trigger delays, and the slow 
increase/decrease in airway pressure caused interface 
compliance. These asynchronies are well tolerated and 
may not be relevant, as the helmet has a large internal 

Fig. 1 Top: Circuit set-up for helmet CPAP, using a high-flow generator or a Venturi system. Bottom: Circuit set-up for helmet NIV in the pressure 
support mode, using a ventilator. In the lower right box, the characteristic pattern of patient-ventilator de-synchronization during helmet NIV is 
shown; these are representative tracings of inspiratory flow, airway pressure (PAW), esophageal pressure (PES) and dynamic transpulmonary pressure 
(PL, calculated as PAW−PES) during helmet pressure support ventilation in a hypoxemic patient. Inspiratory and expiratory trigger delays and the 
short time of synchrony are displayed together with the slow increase and decay of airway pressure due to the high interface compliance (slopes of 
the PAW vs. time tracing). This de-synchronization makes the inspiratory effort (ΔPES) and ventilator assistance (Pressure support) not fully synchro-
nous, avoiding positive dumps in the transpulmonary pressure during inspiration (ΔPL). Moreover, due to cycling off delay and the slow decay in 
pressure after cycling off, the mean expiratory airway pressure is higher that set PEEP (dotted lines in the PAW tracing) and the mean expiratory 
transpulmonary pressure is higher than end-expiratory transpulmonary pressure (dotted lines in the PL tracing). This contributes to alveolar recruit-
ment
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volume pressurized at PEEP level that can satisfy the flow 
needs of the patient regardless of ventilator response. 
Double triggering, a commonly observed phenomenon, 
may be prevented by acting on the cycling off criterion, 
or by switching to a ventilator mode with a time-regu-
lated cycling off (Pressure assist-control).

The major drawback of helmet NIV and CPAP is the 
impossibility to measure the tidal volume. During NIV, 
the tidal volume displayed on the ventilator does not 
inform about the actual tidal volume delivered to the 
patient, as it also includes all the gas volume spent to dis-
tend the helmet. For accurate monitoring of tidal volume/
inspiratory effort, other tools as esophageal manometry, 
electrical impedance tomography and diaphragm ultra-
sound are being evaluated. From a clinical standpoint, 
lack of improvement/worsening oxygenation, persistent 
tachypnea and dyspnea should be considered signs of 
treatment failure and prompt endotracheal intubation.

Clinical implications
As compared to high-flow nasal oxygen, helmet NIV 
improves hypoxemia, reduces inspiratory effort and 
dyspnea, with a mixed effect on transpulmonary driving 
pressure that mostly depends on the entity of inspiratory 
effort [7]. Two small, randomized trials and a network 
metanalysis suggested that helmet NIV may reduce the 
rate of endotracheal intubation compared to facemask 
NIV and high-flow nasal oxygen [6, 7, 13]. One of the 
major advantages of helmet NIV pertains to patients 
with intense inspiratory effort, possibly identified by the 
presence of hypocapnia [14]. These observations suggest 
the need for a personalized approach to hypoxemic res-
piratory failure based on physiologic phenotypes, such 
as patients with low (< 10  cmH2O) vs. high (> 10  cmH2O) 
inspiratory effort. Direct head-to-head comparisons 
between helmet high-PEEP CPAP and NIV are lacking, 
but ongoing studies may illuminate these important con-
siderations (NCT04241861, NCT05089695).

From a clinical standpoint, noninvasive oxygen sup-
port in hypoxemic respiratory failure has high failure 
rates regardless of the variety of forms of respiratory sup-
port [15]. Thus, developing clinical expertise in the use of 
these devices and strict physiological monitoring remain 
important to promptly identify patients at risk of failure, 
to avoid delays in endotracheal intubation and institution 
of protective ventilation.

Author details
1 Department of Emergency, Intensive Care Medicine and Anesthesia, Fon-
dazione Policlinico Universitario A. Gemelli IRCCS, Rome, Italy. 2 Department 
of Anesthesiology and Intensive Care Medicine, Catholic University of The 
Sacred Heart, Fondazione ‘Policlinico Universitario A. Gemelli’ IRCCS, L.go F. 
Vito, 00168 Rome, Italy. 3 Department of Medicine, Section of Pulmonary 
and Critical Care, University of Chicago, Chicago, IL, USA. 

Author contributions
All authors contributed to literature search and manuscript drafting. All the 
authors reviewed the final draft of the manuscript and agreed on submitting it 
to Intensive Care Medicine.

Funding
This research did not receive any specific grant from funding agencies in the 
public, commercial, or not-for-profit sectors. Outside of the submitted work, 
DLG is supported by research Grants by ESICM and SIAARTI. Outside of the 
submitted work, BKP is supported by a research grant from the NIH/NHLBI 
(K23 HL148387).

Data availability
Not applicable.

Declarations

Conflicts of interest
DLG has received payments for travel expenses by Maquet, Getinge and 
Air Liquide, personal fees by Gilead, Intersurgical and GE. MA has received 
personal fees by Maquet, and a research grant by Toray. DLG and MA disclose 
a research grant by GE.

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

Received: 30 March 2022   Accepted: 11 May 2022
Published: 17 June 2022

References
 1. Grieco DL, Maggiore SM, Roca O et al (2021) Non-invasive ventilatory 

support and high-flow nasal oxygen as first-line treatment of acute 
hypoxemic respiratory failure and ARDS. Intensive Care Med 47:851–866. 
https:// doi. org/ 10. 1007/ s00134- 021- 06459-2

 2. Yoshida T, Fujino Y, Amato MBP, Kavanagh BP (2017) Fifty years of research 
in ARDS. Spontaneous breathing during mechanical ventilation. risks, 
mechanisms, and management. Am J Respir Crit Care Med 195:985–992. 
https:// doi. org/ 10. 1164/ rccm. 201604- 0748CP

 3. Rochwerg B, Einav S, Chaudhuri D et al (2020) The role for high flow nasal 
cannula as a respiratory support strategy in adults: a clinical practice 
guideline. Intensive Care Med 46:2226–2237. https:// doi. org/ 10. 1007/ 
s00134- 020- 06312-y

 4. Ranieri VM, Tonetti T, Navalesi P et al (2022) High-flow nasal oxygen for 
severe hypoxemia: oxygenation response and outcome in patients with 
COVID-19. Am J Respir Crit Care Med 205:431–439. https:// doi. org/ 10. 
1164/ rccm. 202109- 2163OC

 5. Grieco DL, Menga LS, Raggi V et al (2020) Physiological comparison of 
high-flow nasal cannula and helmet noninvasive ventilation in acute 
hypoxemic respiratory failure. Am J Respir Crit Care Med 201:303–312. 
https:// doi. org/ 10. 1164/ rccm. 201904- 0841OC

 6. Patel BK, Wolfe KS, Pohlman AS et al (2016) Effect of noninvasive ventila-
tion delivered by helmet vs face mask on the rate of endotracheal intuba-
tion in patients with acute respiratory distress syndrome: a randomized 
clinical trial. JAMA 315:2435–2441. https:// doi. org/ 10. 1001/ jama. 2016. 
6338

 7. Grieco DL, Menga LS, Cesarano M et al (2021) Effect of helmet nonin-
vasive ventilation vs high-flow nasal oxygen on days free of respiratory 
support in patients with COVID-19 and moderate to severe hypoxemic 
respiratory failure: the HENIVOT randomized clinical trial. JAMA 325:1731–
1743. https:// doi. org/ 10. 1001/ jama. 2021. 4682

 8. Coppadoro A, Zago E, Pavan F et al (2021) The use of head helmets to 
deliver noninvasive ventilatory support: a comprehensive review of 
technical aspects and clinical findings. Crit Care 25:1–11. https:// doi. org/ 
10. 1186/ s13054- 021- 03746-8

 9. Chiumello D, Chierichetti M, Tallarini F et al (2008) Effect of a heated 
humidifier during continuous positive airway pressure delivered by a 
helmet. Crit Care 12:R55. https:// doi. org/ 10. 1186/ cc6875

https://doi.org/10.1007/s00134-021-06459-2
https://doi.org/10.1164/rccm.201604-0748CP
https://doi.org/10.1007/s00134-020-06312-y
https://doi.org/10.1007/s00134-020-06312-y
https://doi.org/10.1164/rccm.202109-2163OC
https://doi.org/10.1164/rccm.202109-2163OC
https://doi.org/10.1164/rccm.201904-0841OC
https://doi.org/10.1001/jama.2016.6338
https://doi.org/10.1001/jama.2016.6338
https://doi.org/10.1001/jama.2021.4682
https://doi.org/10.1186/s13054-021-03746-8
https://doi.org/10.1186/s13054-021-03746-8
https://doi.org/10.1186/cc6875


1075

 10. Bongiovanni F, Grieco DL, Anzellotti GM et al (2021) Gas conditioning 
during helmet noninvasive ventilation: effect on comfort, gas exchange, 
inspiratory effort, transpulmonary pressure and patient–ventila-
tor interaction. Ann Intensive Care 11:184. https:// doi. org/ 10. 1186/ 
s13613- 021- 00972-9

 11. Morais CCA, Koyama Y, Yoshida T et al (2018) High positive end-expiratory 
pressure renders spontaneous effort noninjurious. Am J Respir Crit Care 
Med 197:1285–1296. https:// doi. org/ 10. 1164/ rccm. 201706- 1244OC

 12. Richard JCM, Lyazidi A, Akoumianaki E et al (2013) Potentially harmful 
effects of inspiratory synchronization during pressure preset ventila-
tion. Intensive Care Med 39:2003–2010. https:// doi. org/ 10. 1007/ 
s00134- 013- 3032-7

 13. Ferreyro BL, Angriman F, Munshi L et al (2020) Association of noninvasive 
oxygenation strategies with all-cause mortality in adults with acute 
hypoxemic respiratory failure. JAMA 324:57. https:// doi. org/ 10. 1001/ jama. 
2020. 9524

 14. Grieco DL, Menga LS, Cesarano M et al (2022) Phenotypes of patients 
with COVID-19 who have a positive clinical response to helmet noninva-
sive ventilation. Am J Respir Crit Care Med 205:360–364. https:// doi. org/ 
10. 1164/ rccm. 202105- 1212LE

 15. Menga LS, Cese LD, Bongiovanni F et al (2021) High failure rate of 
noninvasive oxygenation strategies in critically ill subjects with acute 
hypoxemic respiratory failure due to COVID-19. Respir Care 66:705–714. 
https:// doi. org/ 10. 4187/ respc are. 08622

https://doi.org/10.1186/s13613-021-00972-9
https://doi.org/10.1186/s13613-021-00972-9
https://doi.org/10.1164/rccm.201706-1244OC
https://doi.org/10.1007/s00134-013-3032-7
https://doi.org/10.1007/s00134-013-3032-7
https://doi.org/10.1001/jama.2020.9524
https://doi.org/10.1001/jama.2020.9524
https://doi.org/10.1164/rccm.202105-1212LE
https://doi.org/10.1164/rccm.202105-1212LE
https://doi.org/10.4187/respcare.08622

	Helmet noninvasive support in hypoxemic respiratory failure
	Set-up
	Physiology
	Clinical implications
	References




