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Abstract
Coronavirus disease 2019 (COVID-19) has been declared a pandemic by the World Health

Organization; it has affected millions of people and caused hundreds of thousands of deaths.

Patients with COVID-19 pneumonia may develop acute hypoxia respiratory failure and require

noninvasive respiratory support or invasive respiratory management. Healthcare workers have

a high risk of contracting COVID-19 while fitting respiratory devices. Recently, European experts

have suggested that the use of helmet continuous positive airway pressure should be the first

choice for acute hypoxia respiratory failure caused by COVID-19 because it reduces the spread

of the virus in the ambient air. By contrast, in the United States, helmets were restricted for

respiratory care before the COVID-19 pandemic until the Food and Drug Administration pro-

vided the ‘Umbrella Emergency Use Authorization for Ventilators and Ventilator Accessories’.
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This narrative review provides an evidence-based overview of the use of helmet ventilation for

patients with respiratory failure.

Keywords
helmet ventilation, noninvasive respiratory support, continuous positive airway pressure,

noninvasive positive pressure ventilation, coronavirus disease 2019, respiratory failure

Introduction

Coronavirus disease 2019 (COVID-19), which is caused by severe acute respiratory syn-
drome related coronavirus 2 (SARS-CoV-2),1 was declared a pandemic by the World
Health Organization on 11 March 2020.2 The COVID-19 pandemic has affected millions
of people and caused hundreds of thousands of deaths worldwide.3 People with severe
COVID-19 develop hypoxemic acute respiratory failure (ARF) and require noninvasive
respiratory support or invasive respiratory management.1,4,5 Healthcare workers have a
high risk of contracting SARS-CoV-2 via large droplets, respiratory secretions, contact
with contaminated surfaces, or exposure to exhaled air within a distance of 0.5–1.0 m
while fitting a respiratory device.6,7 During the initial outbreak of COVID-19 in China,
medical teams recommended early endotracheal intubation to avoid clinical deterioration.8

This approach was also suggested by Marini and Gattinoni in a JAMA editorial.9

However, the unprecedented number of patients outnumbered the limited supply of ventila-
tors and the capacity of intensive care units (ICUs). Thus, some experts have argued that
intubation and mechanical ventilation were employed too early10,11 and that noninvasive
respiratory support should be used to prevent clinical deterioration and the complications
of mechanical ventilation.11 Noninvasive respiratory support—including conventional
oxygen therapy (COT), the heated humidified high-flow nasal cannula (HFNC), continuous
positive airway pressure (CPAP), and noninvasive positive pressure ventilation (NIPPV)—
may reduce the need for ventilators and ICU beds. A recent study revealed that delivering
noninvasive respiratory support outside the ICU is a feasible strategy.12 A report from
China indicated that 41% of patients with COVID-19 required oxygen therapy.13 The
average NIPPV usage in China was 20.1% (range, 4.9%–56%),4,5,14 whereas the average
HFNC usage was 22.8% (range, 0%–63.5%),5,14 However, whether noninvasive respiratory
support increases the degree of virus aerosolisation and spread of virus-bearing droplets
remains controversial.15–17 Recently, European experts recommended helmet CPAP as the
first therapeutic choice for hypoxemic ARF caused by COVID-19 because it reduces the
spread of the virus into the ambient air.18–21 By contrast, in the United States, helmets
were not common in respiratory care before the COVID-19 pandemic. On 24 March
2020, the United States Food and Drug Administration (FDA) provided the ‘Umbrella
Emergency Use Authorization (EUA) for Ventilators and Ventilator Accessories’ to
relieve the insufficient supply of FDA-cleared ventilators and ventilator accessories for use
in healthcare settings to treat patients during the COVID-19 pandemic. This EUA authorised
the use of two helmets, namely the Subsalve Oxygen Treatment Hood (Lombardi Undersea
LLC, Middletown, RI, USA) and the StarMed CaStar-R (Intersurgical, Wokingham, UK), on
4 and 14 August, respectively.22 The present narrative review provides an evidence-based
overview of the use of helmet ventilation in patients with respiratory failure.
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Dispersion of exhaled air

Noninvasive respiratory support is essential in the treatment of COVID-19; however,
exhaled air can promote dispersion of the virus, thus increasing the risk of nosocomial
infection.23 Because droplets from patients with COVID-19 are currently considered a
major route for transmission, healthcare workers must be aware of the dispersion of
exhaled air during noninvasive respiratory support.15,24,25 Hui et al. examined exhaled
air dispersion during COT, HFNC, CPAP, and NIPPV (Table 1). In these in vitro
studies, smoke laser visualisation was used to assess the dispersion distance of exhaled
air from a high-fidelity human patient simulator in a hospital bed reclined at 45°.26–33

COT via a nasal cannula

COT via a nasal cannula with an oxygen flow rate of 3 L/min was performed in differ-
ently sized negative pressure rooms; the maximal distance of exhaled air dispersion
was 36–70 cm.27,28 When the oxygen flow was increased to 5 L/min, the maximal dis-
tance of exhaled air increased to 100 cm.27

COT via a simple mask

For COT via a simple mask, the maximal exhaled air dispersion was 40 cm for an oxygen
flow rate of 4 L/min, but details of the environmental conditions were not provided.29

Another examination was conducted in a laboratory room, and a jet plume of air
leaked through the side vents to lateral distances of 40 cm during the delivery of
oxygen at a flow rate of 10 L/min. However, room ventilation was temporarily suspended
for this test, which is not a realistic scenario.30

COT via a Venturi mask

Use of COT via a Venturi mask was evaluated in a general ward with ambient pressure
and double exhaust fans for room ventilation. When the fraction of inspired oxygen
(FiO2) for the Venturi mask was 0.24 and 0.4, the exhaled air dispersion distances
were 33 and 44 cm, respectively.28

COT via a nonrebreathing mask

Because of its one-way valves, the nonrebreathing mask reduced the exhaled air disper-
sion distance to less than 10 cm, even for an oxygen flow rate of 12 L/min.28

Jet nebuliser

A jet nebuliser with an airflow of 6 L/min yielded a maximum exhaled air dispersion dis-
tance of 45 cm.26 The National Institute for Health and Care Excellence34 and The Global
Initiative for Chronic Obstructive Lung Disease35 have suggested that regular inhalation
therapy should be maintained for patients with chronic obstructive lung disease. Because
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exhaled air is a concern, healthcare workers should consider using pressurised metered-
dose inhalers (pMDIs), dry powder inhalers (DPIs), or soft mist inhalers (SMIs) instead of
jet nebulisers. Use of valved holding chambers with pMDIs or SMIs is also possible.
DPIs are breath-actuated devices; healthcare workers should pay attention to coughs
caused by DPI use. The use of nebulisers for patients with COVID-19 is controver-
sial,36,37 and unnecessary or unproven nebulisation therapies should be avoided.38,39

High-flow oxygen therapy via a nasal cannula

When an HFNC was appropriately inserted into the nostril, exhaled air was detected at
distance of up to 6, 13, and 17 cm when the total flow rate was 10, 30, and 60 L/min,
respectively. However, the dispersion distance of exhaled air gradually increased to
62 cm as the fit between the nasal cannula and nostril became looser.31

High-flow oxygen therapy via tracheostomy

The dispersion of exhaled air during the application of high-flow oxygen therapy via
tracheostomy has not been examined. The large expiratory port on the high-flow trache-
ostomy interface (OPT970, Fisher & Paykel Healthcare, Auckland, New Zealand) is
designed for exhalation; thus, considerable leakage and a large distance of exhaled air
dispersion might reasonably be expected.40 Based on our experience, high-flow tracheal
oxygen is not recommended for patients with suspected or confirmed COVID-19.

CPAP via a nasal pillow

Two nasal pillows (i.e. Respironics Nuance Pro Ge and RedMed Swift FX) were tested
with CPAP values of 5, 10, 15, and 20 cmH2O. Similar exhaled air dispersion distances
were observed for the Respironics Nuance Pro Ge and RedMed Swift FX (26 and 33 cm,
respectively).31

CPAP via an oronasal facemask (with exhalation port)

No significant exhaled air dispersion was observed from the Quattro Air mask, even with
a CPAP of 20 cmH2O.

31 In contrast to NIPPV, CPAP provides constant airway pressure
during the respiratory cycle; thus, leakage was limited by the absence of a delta pressure
between the inspiratory positive airway pressure (IPAP) and expiratory positive airway
pressure (EPAP).

NIPPV via an oronasal facemask (with exhalation port within the mask)

The maximal dispersion distance of exhaled air during the application of NIPPV via an
oronasal facemask with an exhalation port within the mask was 45 cm for an IPAP of 18
cmH2O and an EPAP of 4 cmH2O. However, the environmental conditions of this test
were unrealistic because the room ventilation was temporarily suspended.6 This examin-
ation was performed again in a negative pressure isolation room several years later, and
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the maximal exhaled air dispersion distance was increased to 85 cm for an IPAP of 18
cmH2O and an EPAP of 4 cmH2O.

28

NIPPV via an oronasal facemask (without exhalation port within the mask) plus
external exhalation port

When the oronasal facemask does not contain an exhalation port, an additional exhalation
port should be applied to create a continuous leakage path and prevent carbon dioxide
(CO2) rebreathing during NIPPV with a single limb breathing circuit. The maximal
exhaled air dispersion distance was 95 cm for the oronasal facemask connected to a
Whisper Swivel Exhalation Port.28

NIPPV via a total full facemask

Exhaled air dispersion was measured during application of NIPPV via a Respironics
Total facemask with IPAP values 10, 14, and 18 cmH2O and EPAP maintained at 5
cmH2O. The exhaled air dispersion distances were 69, 70, and 91 cm, respectively.32

NIPPV via a helmet

During the application of NIPPV via two helmets (i.e. Sea-Long head tent and CaStar-R
StarMed), air exhalation was observed from the neck–tent interface. In the examination,
EPAP was maintained at 10 cmH2O for all scenarios. For the Sea-Long head tent with a
double limb breathing circuit, IPAP values of 12, 14, 18, and 20 cmH2O resulted in dis-
persion distances of 17, 20, 21, and 27 cm, respectively. For the CaStar-R StarMed, air
leakage was negligible due to the soft collar around the neck–helmet interface with a
double limb breathing circuit.32

This series of investigations demonstrated the relationship between noninvasive
respiratory support and the dispersion of exhaled air from a human patient simulator.
Although these data could have been overestimated due to droplets being heavier than
smoke, some phenomena and trends should be considered. The use of an external exhal-
ation port (the Whisper Swivel) resulted in a gradual increase of the dispersion distance of
exhaled air, even with a low IPAP setting.32 A higher IPAP resulted in a wider spread of
exhaled air, especially when the total full facemask was employed, which may have not
provided a tight seal at the interface.28 Compared with NIPPV via an oronasal facemask,
an HFNC did not result in a wider spread of exhaled air as expected.31 However, tight fit
of a nasal cannula into the nostril is difficult to maintain. The most valuable information
obtained from these studies was that exhaled air dispersion was negligible when CPAP
was used via an oronasal facemask31 or NIPPV was performed via a helmet32 even
though the treatment pressures for the helmet tests were relatively low (delta pressure:
2–10 cmH2O) compared with those in the other scenarios, such as NIPPV via an oronasal
facemask or total full facemask.28,32 Reduced dispersion of exhaled air could contribute
to minimising environmental contamination. However, unlike the in vitro studies by Hui
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et al., two in vivo studies have revealed that facemask noninvasive respiratory support
does not increase aerosol generation and dispersal compared with HFNC or COT.16,17

Helmet ventilation

NIPPV is usually administered via a facemask rather than a helmet. A large web-based
European survey of 25 countries showed that the most frequently used interface was
the oronasal facemask, followed by the total full facemask, nasal mask, and helmet.
The helmet has been extensively used in Italy, but the overall percentage of use in
Europe is relatively low.41 Ulcerations of the nasal bridge, skin damage, air leakage,
and discomfort are the most common complications when patients receive facemask
NIPPV.42–44 Recently, the application of NIPPV via a helmet has attracted considerable
attention worldwide due to the COVID-19 pandemic. Patients with COVID-19 can be
treated with noninvasive respiratory support via a helmet in general wards, freeing up
ICU beds.45

The helmet is a transparent latex-free polyvinyl chloride hood originally designed for
the administration of a specific gas concentration in hyperbaric oxygen therapy;46 it sur-
rounds the patient’s head and is sealed around the neck with a soft latex-free polyurethane
collar.47 The hood and neck collar are connected by a hard plastic ring and secured to the
patient with padded armpit braces, which are attached to hooks on the front and back of
the hard plastic ring.47 To ensure a tight but comfortable seal, the size of the helmet is
selected on the basis of the patient’s neck circumference. The helmet can be connected
to a ventilator by using conventional breathing circuit to join two ports and thus
provide inspiratory and expiratory flow. In contrast to the oronasal facemask, the
helmet surrounds the patient’s head and is sealed around the neck using a soft collar
without contacting the nose or mouth (Figure 1).

Ventilator settings should be adjusted to prevent patients from rebreathing CO2; that
is, the pressure support levels should be set to maintain an inspiratory flow rate of >100 L/
min.47 To prevent patient–ventilator asynchrony and minimise the breathing effort, the
inspiratory rise time should be 50 ms, and the ventilator off-cycling should be set at
50% of the peak inspiratory flow rate.48 If available, the end-tidal CO2 inside the
helmet can be monitored using a sampling line.49 To reduce the noise generated by the
high rate of gas flow, a heat and moisture exchange filter can be connected to the inspira-
tory limb close to the helmet as an exhaust gas muffler.50 Under-humidification can cause
problems if active humidification is not performed during helmet ventilation. Chiumello
et al. investigated the humidity inside a helmet for high-flow generator CPAP and venti-
lator CPAP. During ventilator CPAP, the humidity inside the helmet was similar to that of
the ambient air. The large internal gas volume can be considered a chamber in which the
dry inspired medical gas and the heated humidified gas expired by the patient are mixed.
By contrast, during high-flow generator CPAP, the humidity inside the helmet was lower
than that in the ambient air. To improve gas temperature and humidity, Chiumello et al.
suggested applying an active humidifier with an inspiratory heated breathing circuit,
especially for high-flow generator helmet CPAP.51 If a heat and moisture exchange
filter is employed for noise reduction, it should be placed between the outlet of ventilator
and the inlet of the auto-feeding water chamber.52
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We suggested used a heat and moisture exchange filter for noise reduction and apply-
ing a cold passover humidifier during a helmet ventilation (Figure 1).

Clinical effects of helmet ventilation

Although helmet ventilation is currently used extensively in Italy, in the past two decades,
few studies have compared CPAP or NIPPV via a helmet with a traditional interface. For
CPAP, Chiumello et al. demonstrated that application via a helmet or a traditional inter-
face yielded similar effects in terms of breathing pattern and work of breath in healthy
subjects; moreover, they revealed that NIPPV via an oronasal facemask reduced work
of breath.53

Helmet CPAP

Most helmet CPAP is delivered by using a high-flow generator and not a ventilator
(Table 2). For helmet CPAP delivery with a ventilator, a high-flow oxygen therapy
mode with a continuous flow >50 L/min is suggested.47 To evaluate the helmet as a
novel interface for CPAP, two prospective, historical case–control studies compared
the efficacy of the helmet and facemask in 2003 and 2004, respectively (Table 1).54

Figure 1. (A) Configuration of a helmet connected to an ICU ventilator with a cold passover

humidifier. HMEF: Heat and moisture exchanging filter; ICU: Intensive care unit; NG tube:

Nasogastric tube.
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Principi et al. indicated that the helmet had higher tolerability than the facemask;54,55

Tonnelier et al. obtained similar results.55 To investigate the efficacy of helmet CPAP
for patients with hypoxemic ARF, three multicentre trials56–58 and one single-centre
trial59 were conducted in Italy. Squadrone et al. demonstrated that helmet CPAP
improved oxygenation56,59 and reduced the need for ICU admission and ventilatory
support.59 In a study of patients with severe hypoxemic ARF after abdominal surgery
and another of patients with haematologic malignancy, the incidence of endotracheal
intubation was lower in the helmet CPAP group than in the COT group.56,59 Two multi-
centre investigations by Cosentini et al. and Brambilla et al. demonstrated that CPAP via
a helmet rapidly increased oxygenation57,58 and reduced the need for endotracheal intub-
ation in patients with pneumonia and hypoxemic ARF.58 A meta-analysis of these four
heterogeneous randomised controlled trials concluded that helmet CPAP improves oxy-
genation, reduces the incidence of endotracheal intubation, and lowers mortality.60

To determine the effects of helmet CPAP in patients with COVID-19, two multicentre,
observational studies were conducted in Italy.61

The helmet CPAP failure rate were 44.6% in the high-dependency units61 and 48% in
the COVID-19 wards,62 the failure was associated with the severity of pneumonia,61 age,
time to oxygen therapy failure, PaO2/FiO2 ratio during helmet CPAP, C-reactive protein,
and number of comorbidities.62 Oxygenation was significantly improved in both
studies.61,62

Ali et al. demonstrated that no patients were intubated within the 1 h after helmet
CPAP initiation, and only 2.5% of patients discontinued helmet CPAP due to intolerance
in the high-dependency units. Moreover, 123 patients (78.3%) avoided endotracheal
intubation.61 Coppadoro et al. showed the feasibility of using helmet CPAP outside
the ICU, without major adverse event. Helmet CPAP had resulted a good outcome in
69.3% of the full treatment patients without escalating to intubation or mortality. As a
rescue therapy, 28.5% of Do Not Intubated patients survive with helmet CPAP
treatment.62

Helmet NIPPV

Antonelli et al. conducted two multicentre, prospective, case–control studies of patients
with hypoxemic ARF during 2000–2001. Oxygenation was improved by both helmet
NIPPV and facemask NIPPV.63,64 The intubation rate, ICU length of stay (LOS), and
incidence of mortality were similar for these two interfaces in patients with hypoxemic
ARF63 and in those with acute exacerbation of chronic obstructive pulmonary disease
(AECOPD).64 Intolerances and complications related to the facemask were more
common than those related to the helmet in both studies (Table 3).63,64

In a single-centre, prospective, case–control study on immunocompromised patients
with hypoxemic ARF, helmet NIPPV and facemask NIPPV yielded similar effects in
terms of avoiding intubation. Sustained improvement of oxygenation was more
common among patients who received helmet NIPPV than among those receiving face-
mask NIPPV, and they also exhibited lower occurrence of complications.65 Moreover,
three single-centre trials66–68 and one multicentre trial69 have compared the efficacy of
helmet NIPPV and facemask NIPPV in patients with hypercapnic ARF due to
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AECOPD. Antonaglia et al. enrolled 40 participants who responded to facemask NIPPV
and randomly assigned them to the helmet NIPPV group or facemask NIPPV group.
Similar effects on oxygenation were observed in the groups. Facemask NIPPV resulted
in higher CO2 clearance, shorter ICU LOS, and shorter duration of NIPPV compared
with helmet NIPPV, but helmet NIPPV yielded a higher tolerance rate and a lower intub-
ation rate.66 Two small single-centre trials conducted in Turkey demonstrated improved
oxygenation in both helmet NIPPV and facemask NIPPV groups; no differences in oxy-
genation or incidence of intubation were observed between the groups.67,68 In the study
of Ali et al., the facemask NIPPV group had superior CO2 clearance compared with the
helmet NIPPV group.67 By contrast, according to Özlem et al., the improvement in CO2

level was similar between the groups, but the decrease in CO2 level was slower in the
helmet NIPPV group than in the facemask NIPPV group.68

Short-term physiological response was evaluated using a multicentre trial. A total of
80 participants who presented with AECOPD were randomly assigned to receive
NIPPV with either the facemask or helmet. Oxygenation, partial pressure of CO2, respira-
tory rate, and dyspnoea were improved by both interfaces, but the dyspnoea score
decreased more during facemask NIPPV than during helmet NIPPV. The intubation
rate was low and similar between the groups. None of the participants discontinued
NIPPV due to intolerance; however, two participants in the helmet NIPPV group required
a change of interface due to claustrophobia.69

Patel et al. conducted a single-centre trial in Chicago, United States, to determine
whether helmet NIPPV could reduce the intubation rate or improve clinical outcomes
in patients with acute respiratory distress syndrome. The intubation rate was significantly
lower in the helmet NIPPV group than in the facemask NIPPV group (adjusted hazard
ratio, 0.24; 95% CI, 0.11–0.50; p < 0.001). Helmet NIPPV resulted in more ventilator-
free days (28 vs. 12.5 days; p < 0.001) and shorter ICU LOS (4.7 vs. 7.8 days; p=
0.4) compared with the facemask NIPPV group. Compared with facemask NIPPV,
helmet NIPPV also yielded a lower 90-day mortality (adjusted hazard ratio, 0.51; 95%
CI, 0.23–0.99; p= 0.047). The overall incidence of adverse effects was low and did
not differ significantly between the groups. However, the results of this study may
have been compromised and the outcomes may have been exaggerated by early termin-
ation of the study based on the predetermined criteria for efficacy.70 Liu et al. performed a
meta-analysis in which patients who received helmet CPAP or helmet NIPPV were
enrolled.71 Despite combining helmet CPAP and helmet NIPPV in the same study,
similar improvement in oxygenation, reduction in the intubation rate, and decreased mor-
tality were observed as in a previous report on helmet CPAP.60 However, the present
revealed high heterogeneity across the studies. The ability of CO2 recovery in helmet
NIPPV remains controversial. Some studies have indicated that helmet NIPPV may
not clear CO2 as efficiently as facemask NIPPV does.64,66,67 No clear complications or
adverse effects were observed during helmet NIPPV, although claustrophobia was
reported in one study.69

To determine the effects of helmet NIPPV in patients with COVID-19, an open-label
multicentre, prospective, randomised controlled trial was conducted in Italy.72 A total of
109 patients who had a confirmed molecular diagnosis of COVID-19 were enrolled and
completed the study. Among them, 54 were assigned to the helmet NIPPV group and 55
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were assigned to the HFNC group. Compared with the HFNC group, the helmet NIPPV
group exhibited more favourable oxygenation (PaO2/FiO2 ratio, 188 vs. 138; p < 0.001).
Those in the HFNC group had a lower PaCO2 level than those in the helmet NIPPV group
(35 vs. 36 mmHg, p= 0.008). Although dyspnea improved in the helmet NIPPV group,
this group also experienced more device-related discomfort. The number of respiratory
support–free days was comparable between groups. The helmet NIPPV group had a
lower intubation rate and more ventilator-free days than did the HFNC group.
Compared with the helmet NIPPV group, more participants in the HFNC group were
intubated because of hypoxemia, signs of respiratory muscle fatigue, and breathing
deterioration. The two groups exhibited similar results in ICU LOS and mortality rate.

Table 4. Helmet ventilation devices.

Reference Location Helmet Power source

Helmet CPAP
Tonnelier, 200354 France CaStar StarMed High-flow generator
Principi, 200455 Italy CaStar StarMed High-flow generator
Squadrone, 200559 Italy CaStar StarMed High-flow generator
Squadrone, 20105* Italy CaStar StarMed High-flow generator
Cosentini, 201057 Italy CaStar StarMed High-flow generator
Brambilla, 201458 Italy CaStar StarMed High-flow generator
Aliberti, 202061 Italy CaStar StarMed High-flow generator
Coppadoro, 202162 Italy No report High-flow generator
Helmet NIPPV/PS
Antonelli, 200263 Italy CaStar-R StarMed ICU ventilator (Servo 300 and Evita 4)
Antonelli, 200464 Italy CaStar-R StarMed ICU ventilator (Servo 300 and Evita 4)
Rocco, 200465 Italy CaStar-R StarMed ICU ventilator (Servo 300)
Antonaglia, 201166 Italy CaStar-R StarMed ICU ventilator (Puritan Bennett 7200)
Ali, 201167 Turkey CaStar-R StarMed ICU ventilator (Newport e500)
Özlem, 201568 Turkey CaStar-R StarMed ICU ventilator (Servo S)
Pisani, 201569 Italy CaStar-R StarMed ICU ventilator (No report)
Patel, 201670 USA Sea-Long ICU ventilator (Engström

Carestation)
Grieco, 2021722 Italy CaStar-R StarMed or

Dimar
Compressed gas-based ventilator (No

report)

CPAP: continuous positive airway pressure; NIPPV: noninvasive positive pressure ventilation; PS: pressure

support; ICU: intensive care unit.

Table 5. Comparison of caStar and caStar-R.

CaStar CaStar-R

Intended use CPAP NIPPV
Internal volume (L) 16 11
inflatable cushion Not applicable Built-in
Pressure manometer Built-in Optional

CPAP: continuous positive airway pressure; NIPPV: noninvasive positive pressure ventilation.
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Strengths and limitations

The CaStar StarMed series has been widely used in clinical trials, especially in Italy
(Table 4). The major difference between CaStar and CaStar-R is the internal volume.33

For NIPPV, the CaStar-R designs have smaller internal volume than the CaStar
designs. Moreover, CaStar-R has an inflatable interior cushion that also reduces the
internal volume. The internal volume was reduced to improve patient–ventilator syn-
chronisation and prevent CO2 rebreathing (Table 5).

As an interface for NIPPV, the helmet has several advantages, including higher toler-
ability, reduced air leakage, and improved seal integrity.54,56 Aerophagia is a relatively
common problem resulting in gastric distention, which may increase the risk of vomiting
and aspiration during NIPPV.42,73 In patients with a high risk of gastric aspiration, a naso-
gastric tube can be inserted as a preventive measure. Nasogastric tubes are commonly
used to decompress gastric air in the stomach, with this air caused by NIPPV.74,75

However, the presence of a nasogastric tube may increase the amount of air leakage
and compromise the effectiveness of NIPPV.42,76 A specific port in the helmet can be
used for the nasogastric tube to prevent air leakage.63 The dispersion of exhaled air
due to the placement of a nasogastric tube is likely much less in a helmet than in an oro-
nasal facemask. Therefore, the helmet design may reduce the risk of transmission for
healthcare workers when treating patients with COVID-19.

Several cautions and limitations of the helmet should be mentioned. The large internal
volume and high compliance of the polyvinyl chloride hood may result in CO2 rebreath-
ing47,77 and could induce patient–ventilator asynchrony.78 Moreover, because of these
features, the exhaled tidal volume cannot be reliably measured during helmet ventilation.
Iatrogenic pneumothorax and pneumomediastinum during helmet CPAP may occur,
especially at CPAP level >10 cmH2O..

79 The helmet requires a high-flow generator or
ventilator to provide treatment pressure and prevent CO2 rebreathing, which are asso-
ciated with high noise levels. The noise level in high-flow generator CPAP is higher
than that in ventilator CPAP.80,81 Earplugs and a heat and moisture exchanger filter
may reduce the noise level.50,80 Claustrophobia is a frightening sense of restriction and
suffocation and can make breathing difficult.82,83 Although claustrophobia may be
unavoidable during helmet ventilation, it is not commonly mentioned in clinical
reports. Clinicians should be aware of the risk of delirium during helmet CPAP treatment
in older patients with COVID-19.84

Conclusion

Although whether noninvasive respiratory support can increase the risk of airborne virus
transmission via droplets is controversial, minimizing air leaks from noninvasive respira-
tory support is crucial. Thus, healthcare workers should choose noninvasive respiratory
devices with caution during the COVID-19 pandemic. This review article is not intended
to claim that helmet ventilation can replace invasive ventilation during the COVID-19
pandemic. Rather, this article indicates that the early use of helmet ventilation could
reduce clinical deterioration and decrease the likelihood of intubation while protecting
healthcare workers from transmission through aerosol and droplets. Healthcare
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workers should also become familiar with helmet ventilation for future pandemics of
highly infectious respiratory diseases. The samples in the clinical trials reviewed in
this study were relatively small, even for multicentre trials. Randomised controlled
trials with large samples are urgently warranted to test the outcomes of helmet ventilation
for hypoxemic ARF in patients with or without COVID-19.

Abbreviations

ARF acute respiratory failure
CO2 carbon dioxide
COVID-19 coronavirus disease 2019
CPAP continuous positive airway pressure
COT conventional oxygen therapy
DPI dry powder inhalers
EPAP expiratory positive airway pressure
EUA Emergency Use Authorization
FDA Food and Drug Administration
FiO2 fraction of inspired oxygen
HFNC heated humidified high-flow nasal cannula
IPAP inspiratory positive airway pressure
ICU intensive care unit
pMDI pressurised metered-dose inhalers
SARS-CoV-2 severe acute respiratory syndrome related coronavirus 2
SMI soft mist inhalers
NIPPV noninvasive positive pressure ventilation.

Acknowledgements

This manuscript was edited by Wallace Academic Editing.

Authors’ contributions

KYC and JSW responsible for literature search. KYC and WLL analyzed previous data and agreed
on the conclusions. KYC wrote the manuscript with support from WLL. KYC is responsible for
submit the manuscript. All authors read and approved the final manuscript.

Declaration of conflicting interests

The authors declared no potential conflicts of interest with respect to the research, authorship, and/
or publication of this article.

Funding

The authors received no financial support for the research, authorship and/or publication of this
article.

ORCID iDs

Ke-Yun Chao https://orcid.org/0000-0001-5143-6873
Jong-Shyan Wang https://orcid.org/0000-0002-2488-9719

Chao et al. 23

https://orcid.org/0000-0001-5143-6873
https://orcid.org/0000-0001-5143-6873
https://orcid.org/0000-0002-2488-9719
https://orcid.org/0000-0002-2488-9719


References

1. Zhu N, Zhang D, Wang W, et al. A novel coronavirus from patients with pneumonia in China,
2019. N Engl J Med 2020; 382: 727–733.

2. World Health Organization. Timeline: WHO’s COVID-19 response, http://www.who.int/
emergencies/diseases/novel-coronavirus-2019/interactive-timeline?Gclid=Cj0KCQiAmL-
abhdfarisakywvadu1ywkpgbd2uwayly_gezcycat2w0q285drz0× 1-9usdbltlthwseaaqw0ealw_
wcb#! Accessed (27 January, 2021).

3. World Health Organization. Coronavirus disease (COVID-19) weekly epidemiological update
and weekly operational update, www.who.int/emergencies/diseases/novel-coronavirus-2019/
situation-reports accessed (27 January, 2021).

4. Wu Z and mcgoogan JM. Characteristics of and important lessons from the coronavirus disease
2019 (COVID-19) outbreak in China: summary of a report of 72 314 cases from the Chinese
center for disease control and prevention. JAMA 2020; 323: 1239–1242.

5. Yang X, Yu Y, Xu J, et al. Clinical course and outcomes of critically ill patients with
SARS-cov-2 pneumonia in wuhan, China: a single-centered, retrospective, observational
study. Lancet Respir Med 2020; 8: 475–481.

6. Hui DS, Hall SD, Chan MT, et al. Noninvasive positive-pressure ventilation: an experimental
model to assess air and particle dispersion. CHEST 2006; 130: 730–740.

7. Chang D, Xu H, Rebaza A, et al. Protecting health-care workers from subclinical coronavirus
infection. Lancet Respir Med 2020; 8: e13.

8. World Health Organization. Clinical management of severe acute respiratory infection (SARI)
when COVID-19 disease is suspected: interim guidance, https://apps.who.int/iris/handle/
10665/331446 accessed (27 January, 2021).

9. Marini JJ and Gattinoni L. Management of COVID-19 respiratory distress. JAMA 2020; 323:
2329–2330.

10. Tobin MJ, Laghi F and Jubran A. Caution about early intubation and mechanical ventilation in
COVID-19. Ann Intensive Care 2020; 10: 78.

11. Rola P, Farkas J, Spiegel R, et al. Rethinking the early intubation paradigm of COVID-19: time
to change gears? Clin Exp Emerg Med 2020; 7: 78–80.

12. Cammarota G, Esposito T, Azzolina D, et al. Noninvasive respiratory support outside the
intensive care unit for acute respiratory failure related to coronavirus-19 disease: a systematic
review and meta-analysis. Crit Care 2021; 25: 268.

13. Guan WJ, Ni ZY, Hu Y, et al. Clinical characteristics of coronavirus disease 2019 in China. N
Engl J Med 2020; 382: 1708–1720.

14. Chen T, Wu D, Chen H, et al. Clinical characteristics of 113 deceased patients with coronavirus
disease 2019: retrospective study. Br Med J 2020; 368: m1091.

15. World Health Organization. Modes of transmission of virus causing COVID-19: implications
for IPC precaution recommendations: scientific brief, https://apps.who.int/iris/handle/10665/
331601 accessed (27 January, 2021).

16. Gaeckle NT, Lee J, Park Y, et al. Aerosol generation from the respiratory tract with various
modes of oxygen delivery. Am J Respir Crit Care Med 2020; 202: 1115–1124.

17. Strand-Amundsen R, Tronstad C, Elvebakk O, et al. Quantification of aerosol dispersal from
suspected aerosol-generating procedures. ERJ Open Res 2021; 7.

18. Ferioli M, Cisternino C, Leo V, et al. Protecting healthcare workers from SARS-cov-2 infec-
tion: practical indications. Eur Respir Rev 2020; 29.

19. Cabrini L, Landoni G and Zangrillo A. Minimise nosocomial spread of 2019-ncov when treat-
ing acute respiratory failure. Lancet 2020; 395: 685.

20. Vitacca M, Nava S, Santus P, et al. Early consensus management for non-ICU acute respiratory
failure SARS-cov-2 emergency in Italy: from ward to trenches. Eur Respir J 2020; 55.

24 Science Progress 105(2)

http://www.who.int/emergencies/diseases/novel-coronavirus-2019/interactive-timeline?Gclid=Cj0KCQiAmL-abhdfarisakywvadu1ywkpgbd2uwayly_gezcycat2w0q285drz0&times;1-9usdbltlthwseaaqw0ealw_wcb#!
http://www.who.int/emergencies/diseases/novel-coronavirus-2019/interactive-timeline?Gclid=Cj0KCQiAmL-abhdfarisakywvadu1ywkpgbd2uwayly_gezcycat2w0q285drz0&times;1-9usdbltlthwseaaqw0ealw_wcb#!
http://www.who.int/emergencies/diseases/novel-coronavirus-2019/interactive-timeline?Gclid=Cj0KCQiAmL-abhdfarisakywvadu1ywkpgbd2uwayly_gezcycat2w0q285drz0&times;1-9usdbltlthwseaaqw0ealw_wcb#!
http://www.who.int/emergencies/diseases/novel-coronavirus-2019/interactive-timeline?Gclid=Cj0KCQiAmL-abhdfarisakywvadu1ywkpgbd2uwayly_gezcycat2w0q285drz0&times;1-9usdbltlthwseaaqw0ealw_wcb#!
http://www.who.int/emergencies/diseases/novel-coronavirus-2019/interactive-timeline?Gclid=Cj0KCQiAmL-abhdfarisakywvadu1ywkpgbd2uwayly_gezcycat2w0q285drz0&times;1-9usdbltlthwseaaqw0ealw_wcb#!
http://www.who.int/emergencies/diseases/novel-coronavirus-2019/interactive-timeline?Gclid=Cj0KCQiAmL-abhdfarisakywvadu1ywkpgbd2uwayly_gezcycat2w0q285drz0&times;1-9usdbltlthwseaaqw0ealw_wcb#!
http://www.who.int/emergencies/diseases/novel-coronavirus-2019/interactive-timeline?Gclid=Cj0KCQiAmL-abhdfarisakywvadu1ywkpgbd2uwayly_gezcycat2w0q285drz0&times;1-9usdbltlthwseaaqw0ealw_wcb#!
www.who.int/emergencies/diseases/novel-coronavirus-2019/situation-reports
www.who.int/emergencies/diseases/novel-coronavirus-2019/situation-reports
https://apps.who.int/iris/handle/10665/331446
https://apps.who.int/iris/handle/10665/331446
https://apps.who.int/iris/handle/10665/331446
https://apps.who.int/iris/handle/10665/331601
https://apps.who.int/iris/handle/10665/331601
https://apps.who.int/iris/handle/10665/331601


21. Radovanovic D, Rizzi M, Pini S, et al. Helmet CPAP to treat acute hypoxemic respiratory
failure in patients with COVID-19: a management strategy proposal. J Clin Med 2020; 9.

22. Food and Drug Administration. Ventilators and ventilator accessories euas, https://www.fda.
gov/medical-devices/coronavirus-disease-2019-covid-19-emergency-use-authorizations-
medical-devices/ventilators-and-ventilator-accessories-euas accessed (20 February, 2021).

23. Simonds AK, Hanak A, Chatwin M, et al. Evaluation of droplet dispersion during non-invasive
ventilation, oxygen therapy, nebuliser treatment and chest physiotherapy in clinical practice:
implications for management of pandemic influenza and other airborne infections. Health
Technol Assess 2010; 14: 131–172.

24. Lake MA. What we know so far: COVID-19 current clinical knowledge and research. Clin
Med (Lond) 2020; 20: 124.

25. Wang J and Du G. COVID-19 may transmit through aerosol. Ir J Med Sci 2020; 189: 1143–
1144.

26. Hui DS, Chow BK, Chu L, et al. Exhaled air and aerosolized droplet dispersion during appli-
cation of a jet nebulizer. CHEST 2009; 135: 648–654.

27. Hui DS, Chow BK, Chu L, et al. Exhaled air dispersion and removal is influenced by isolation
room size and ventilation settings during oxygen delivery via nasal cannula. Respirology 2011;
16: 1005–1013.

28. Hui DS, Chan MT and Chow BK. Aerosol dispersion during various respiratory therapies: a
risk assessment model of nosocomial infection to health care workers. Hong Kong Med J
2014; 20: 9–13.

29. Hui DS, Ip M, Tang JW, et al. Airflows around oxygen masks: a potential source of infection?
CHEST 2006; 130: 822–826.

30. Hui DS, Hall SD, Chan MT, et al. Exhaled air dispersion during oxygen delivery via a simple
oxygen mask. CHEST 2007; 132: 540–546.

31. Hui DS, Chow BK, Lo T, et al. Exhaled air dispersion during high-flow nasal cannula therapy
versus CPAP via different masks. Eur Respir J 2019; 53: 1802339.

32. Hui DS, Chow BK, Lo T, et al. Exhaled air dispersion during noninvasive ventilation via
helmets and a total facemask. CHEST 2015; 147: 1336–1343.

33. Intersurgical Ltd The starmed, https://www.intersurgical.com/info/starmed accessed (4 March,
2021).

34. National Institute for Health and Care Excellence (UK). COVID-19 rapid guideline:
community-based care of patients with chronic obstructive pulmonary disease (COPD),
https://www.ncbi.nlm.nih.gov/books/NBK566605/ accessed (14 February, 2021).

35. The Global Initiative for Chronic Obstructive Lung Disease (GOLD). GOLD COVID-19 guid-
ance, https://goldcopd.org/gold-covid-19-guidance/ accessed (14 February, 2021).

36. Benge CD and Barwise JA. Aerosolization of COVID-19 and contamination risks during
respiratory treatments. Fed Pract 2020; 37: 160–163.

37. Hess MW. Nebulized therapy in the COVID-19 era: the right tool for the right patient [Letter].
Int J Chron Obstruct Pulmon Dis 2020; 15: 2101–2102.

38. Ari A. Practical strategies for a safe and effective delivery of aerosolized medications to
patients with COVID-19. Respir Med 2020; 167: 105987.

39. Strickland SL, Rubin BK, Haas CF, et al. AARC Clinical practice guideline: effectiveness of
pharmacologic airway clearance therapies in hospitalized patients. Respir Care 2015; 60:
1071–1077.

40. Lin S-B, Chiang C-E, Tseng C-W, et al. High-flow tracheal oxygen: what is the current evi-
dence? Expert Rev Respir Med 2020; 14: 1075–1078.

41. Crimi C, Noto A, Princi P, et al. A European survey of noninvasive ventilation practices. Eur
Respir J 2010; 36: 362–369.

Chao et al. 25

https://www.fda.gov/medical-devices/coronavirus-disease-2019-covid-19-emergency-use-authorizations-medical-devices/ventilators-and-ventilator-accessories-euas
https://www.fda.gov/medical-devices/coronavirus-disease-2019-covid-19-emergency-use-authorizations-medical-devices/ventilators-and-ventilator-accessories-euas
https://www.fda.gov/medical-devices/coronavirus-disease-2019-covid-19-emergency-use-authorizations-medical-devices/ventilators-and-ventilator-accessories-euas
https://www.fda.gov/medical-devices/coronavirus-disease-2019-covid-19-emergency-use-authorizations-medical-devices/ventilators-and-ventilator-accessories-euas
https://www.intersurgical.com/info/starmed
https://www.intersurgical.com/info/starmed
https://www.ncbi.nlm.nih.gov/books/NBK566605/
https://www.ncbi.nlm.nih.gov/books/NBK566605/
https://goldcopd.org/gold-covid-19-guidance/
https://goldcopd.org/gold-covid-19-guidance/


42. Carron M, Freo U, bahammam AS, et al. Complications of non-invasive ventilation techni-
ques: a comprehensive qualitative review of randomized trials. Br J Anaesth 2013; 110:
896–914.

43. Maruccia M, Ruggieri M and Onesti MG. Facial skin breakdown in patients with non-invasive
ventilation devices: report of two cases and indications for treatment and prevention. Int
Wound J 2015; 12: 451–455.

44. Navalesi P, Fanfulla F, Frigerio P, et al. Physiologic evaluation of noninvasive mechanical
ventilation delivered with three types of masks in patients with chronic hypercapnic respiratory
failure. Crit Care Med 2000; 28: 1785–1790.

45. Bellani G, Patroniti N, Greco M, et al. The use of helmets to deliver non-invasive continuous
positive airway pressure in hypoxemic acute respiratory failure. Minerva Anestesiol 2008; 74:
651–656.

46. Leach RM, Rees PJ andWilmshurst P. Hyperbaric oxygen therapy. BrMed J 1998; 317: 1140–
1143.

47. Taccone P, Hess D, Caironi P, et al. Continuous positive airway pressure delivered with a
“helmet": effects on carbon dioxide rebreathing. Crit Care Med 2004; 32: 2090–2096.

48. Vargas F, Thille A, Lyazidi A, et al. Helmet with specific settings versus facemask for non-
invasive ventilation. Crit Care Med 2009; 37: 1921–1928.

49. Schmitt B and Belliato M. Helmet NIV (NIPPV) ventilation on adult COVID-19 patients,
https://www.hamilton-medical.com/en_US/E-Learning-and-Education/Knowledge-Base/
Knowledge-Base-Detail∼2020-04-22∼Helmet-NIV-(NIPPV)-ventilation-on-adult-COVID-19-
patients∼ad615df8-e219-412c-bbd2-61b5390ab736∼.html accessed (21 February, 2021).

50. Lucchini A, Bambi S, Gurini S, et al. Noise level and comfort in healthy subjects undergoing
high-flow helmet continuous positive airway pressure. Dimens Crit Care Nurs 2020; 39: 194–
202.

51. Chiumello D, Chierichetti M, Tallarini F, et al. Effect of a heated humidifier during continuous
positive airway pressure delivered by a helmet. Crit Care Clin 2008; 12: R55.

52. Lucchini A, Giani M, Isgro S, et al. The “helmet bundle” in COVID-19 patients undergoing
non invasive ventilation. Intensive Crit Care Nurs 2020; 58: 102859.

53. Chiumello D, Pelosi P, Carlesso E, et al. Noninvasive positive pressure ventilation delivered by
helmet vs. Standard face mask. Intensive Care Med 2003; 29: 1671–1679.

54. Principi T, Pantanetti S, Catani F, et al. Noninvasive continuous positive airway pressure deliv-
ered by helmet in hematological malignancy patients with hypoxemic acute respiratory failure.
Intensive Care Med 2004; 30: 147–150.

55. Tonnelier J-M, Prat G, Nowak E, et al. Noninvasive continuous positive airway pressure ven-
tilation using a new helmet interface: a case-control prospective pilot study. Intensive Care
Med 2003; 29: 2077–2080.

56. Squadrone V, Coha M, Cerutti E, et al. Continuous positive airway pressure for treatment of
postoperative hypoxemia a randomized controlled trial. JAMA 2005; 293: 589–595.

57. Cosentini R, Brambilla AM, Aliberti S, et al. Helmet continuous positive airway pressure vs
oxygen therapy to improve oxygenation in community-acquired pneumonia: a randomized,
controlled trial. CHEST 2010; 138: 114–120.

58. Brambilla AM, Aliberti S, Prina E, et al. Helmet CPAP vs. Oxygen therapy in severe hypoxe-
mic respiratory failure due to pneumonia. Intensive Care Med 2014; 40: 942–949.

59. Squadrone V, Massaia M, Bruno B, et al. Early CPAP prevents evolution of acute lung injury
in patients with hematologic malignancy. Intensive Care Med 2010; 36: 1666–1674.

60. Luo Y, Luo Y, Li Y, et al. Helmet CPAP versus oxygen therapy in hypoxemic acute respiratory
failure: a meta-analysis of randomized controlled trials. Yonsei Med J 2016; 57: 936–941.

26 Science Progress 105(2)

https://www.hamilton-medical.com/en_US/E-Learning-and-Education/Knowledge-Base/Knowledge-Base-Detail&sim;2020-04-22&sim;Helmet-NIV-(NIPPV)-ventilation-on-adult-COVID-19-patients&sim;ad615df8-e219-412c-bbd2-61b5390ab736&sim;.html
https://www.hamilton-medical.com/en_US/E-Learning-and-Education/Knowledge-Base/Knowledge-Base-Detail&sim;2020-04-22&sim;Helmet-NIV-(NIPPV)-ventilation-on-adult-COVID-19-patients&sim;ad615df8-e219-412c-bbd2-61b5390ab736&sim;.html
https://www.hamilton-medical.com/en_US/E-Learning-and-Education/Knowledge-Base/Knowledge-Base-Detail&sim;2020-04-22&sim;Helmet-NIV-(NIPPV)-ventilation-on-adult-COVID-19-patients&sim;ad615df8-e219-412c-bbd2-61b5390ab736&sim;.html
https://www.hamilton-medical.com/en_US/E-Learning-and-Education/Knowledge-Base/Knowledge-Base-Detail&sim;2020-04-22&sim;Helmet-NIV-(NIPPV)-ventilation-on-adult-COVID-19-patients&sim;ad615df8-e219-412c-bbd2-61b5390ab736&sim;.html


61. Aliberti S, Radovanovic D, Billi F, et al. Helmet CPAP treatment in patients with COVID-19
pneumonia: a multicentre cohort study. Eur Respir J 2020; 56.

62. Coppadoro A, Benini A, Fruscio R, et al. Helmet CPAP to treat hypoxic pneumonia outside the
ICU: an observational study during the COVID-19 outbreak. Crit Care 2021; 25: 80.

63. Antonelli M, Conti G, Pelosi P, et al. New treatment of acute hypoxemic respiratory failure:
noninvasive pressure support ventilation delivered by helmet—a pilot controlled trial. Crit
Care Med 2002; 30.

64. Antonelli M, Pennisi MA, Pelosi P, et al. Noninvasive positive pressure ventilation using a
helmet in patients with acute exacerbation of chronic obstructive pulmonary disease: a feasi-
bility study. Anesthesiology 2004; 100: 16–24.

65. Rocco M, Dell’Utri D, Morelli A, et al. Noninvasive ventilation by helmet or face mask in
immunocompromised patients: a case-control study. CHEST 2004; 126: 1508–1515.

66. Antonaglia V, Ferluga M, Molino R, et al. Comparison of noninvasive ventilation by sequen-
tial use of mask and helmet versus mask in acute exacerbation of chronic obstructive pulmon-
ary disease: a preliminary study. Respiration 2011; 82: 148–154.

67. Ali A, Türkmen A, Turgut N, et al. [Comparison of non-invasive mechanical ventilation with
helmet or face mask in patients with acute exacerbation of chronic obstructive pulmonary
disease]. Tuberk Toraks 2011; 59: 146–152.

68. Özlem CG, Ali A, Fatma U, et al. Comparison of helmet and facial mask during noninvasive
ventilation in patients with acute exacerbation of chronic obstructive pulmonary disease: a ran-
domized controlled study. Turk J Med Sci 2015; 45: 600–606.

69. Pisani L, Mega C, Vaschetto R, et al. Oronasal mask versus helmet in acute hypercapnic
respiratory failure. Eur Respir J 2015; 45: 691–699.

70. Patel BK, Wolfe KS, Pohlman AS, et al. Effect of noninvasive ventilation delivered by helmet
vs face mask on the rate of endotracheal intubation in patients with acute respiratory distress
syndrome: a randomized clinical trial. JAMA 2016; 315: 2435–2441.

71. Liu Q, Gao Y, Chen R, et al. Noninvasive ventilation with helmet versus control strategy in
patients with acute respiratory failure: a systematic review and meta-analysis of controlled
studies. Crit Care 2016; 20: 265.

72. Grieco DL, Menga LS, Cesarano M, et al. Effect of helmet noninvasive 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 2021.

73. Gay PC. Complications of noninvasive ventilation in acute care. Respir Care Clin N Am 2009;
54: 246.

74. Ergan B, Nasilowski J and Winck JC. How should we monitor patients with acute respiratory
failure treated with noninvasive ventilation? Eur Respir Rev 2018; 27: 170101.

75. Lin HL, Lee YC,Wang SH, et al. In vitro evaluation of facial pressure and air leak with a newly
designed cushion for non-invasive ventilation masks. Healthcare (Basel) 2020; 8: 523.

76. Garpestad E, Brennan J and Hill NS. Noninvasive ventilation for critical care. CHEST 2007;
132: 711–720.

77. Hill NS. Noninvasive interfaces: should we go to helmets? Crit Care Med 2004; 32: 2162–
2163.

78. Nava S and Navalesi P. Helmet to deliver noninvasive ventilation: “handle with care”. Crit
Care Med 2009; 37: 2111–2113.

79. Gidaro A, Samartin F, Brambilla AM, et al. Correlation between continuous positive
end-expiratory pressure (PEEP) values and occurrence of pneumothorax and pneumomedias-
tinum in SARS-cov2 patients during non-invasive ventilation with helmet. Sarcoidosis Vasc
Diffuse Lung Dis 2021; 38: e2021017.

Chao et al. 27



80. Cavaliere F, Conti G, Costa R, et al. Noise exposure during noninvasive ventilation with a
helmet, a nasal mask, and a facial mask. Intensive Care Med 2004; 30: 1755–1760.

81. Cavaliere F, Conti G, Costa R, et al. Exposure to noise during continuous positive airway pres-
sure: influence of interfaces and delivery systems. Acta Anaesthesiol Scand 2008; 52: 52–56.

82. Harris LM, Robinson J andMenzies RG. Evidence for fear of restriction and fear of suffocation
as components of claustrophobia. Behav Res Ther 1999; 37: 155–159.

83. Vadakkan C and Siddiqui W. Claustrophobia. Statpearls. Treasure Island (FL): statpearls
Publishing; 2021.

84. Samartin F, Salvi E, Brambilla AM, et al. Incidence and outcome of delirium during helmet
CPAP treatment in COVID-19 patients. Intern Emerg Med 2021; 17:307–309

Author biographies

Ke-Yun Chao is a RRT and a PhD student who is mainly engaged in respiratory therapy, mechan-
ical ventilation, and 3D printing technology.

Jong-Shyan Wang is a PhD professor who is mainly engaged in exercise physiological study.

Wei-Lun Liu is a MD who is mainly engaged in critical care medicine, pulmonary diseases and
fungal infection research.

28 Science Progress 105(2)


	 Introduction
	 Dispersion of exhaled air
	 COT via a nasal cannula
	 COT via a simple mask
	 COT via a Venturi mask
	 COT via a nonrebreathing mask
	 Jet nebuliser
	 High-flow oxygen therapy via a nasal cannula
	 High-flow oxygen therapy via tracheostomy
	 CPAP via a nasal pillow
	 CPAP via an oronasal facemask (with exhalation port)
	 NIPPV via an oronasal facemask (with exhalation port within the mask)
	 NIPPV via an oronasal facemask (without exhalation port within the mask) plus external exhalation port
	 NIPPV via a total full facemask
	 NIPPV via a helmet

	 Helmet ventilation
	 Clinical effects of helmet ventilation
	 Helmet CPAP
	 Helmet NIPPV

	 Strengths and limitations
	 Conclusion
	 Acknowledgements
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


