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Editorial

Non-invasive ventilation in acute respiratory distress syndrome: 
helmet use saves lives?
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Acute respiratory distress syndrome (ARDS) is a syndrome 
characterized by acute hypoxemic respiratory failure 
resulting from myriad of causes that injure the alveolar 
epithelium or the capillary endothelium or both (1,2). 
ARDS was first described by Ashbaugh et al. in 1967 (3). 
Over the years, there have been several changes in the 
definition of ARDS. The initial definition relied on the 
measurement of pulmonary capillary wedge pressure and 
did not include the application of positive end expiratory 
pressure (PEEP) as a criterion (4). The current widely 
accepted definition not only specifies the duration of the 
acuteness of presentation but also quantifies the severity 
of ARDS based on the degree of hypoxemia and includes 
PEEP in the definition (5). The management of ARDS 
is primarily based on a combination of supportive care 
and invasive mechanical ventilation. Apart from low tidal 
volume strategy and prone position ventilation, none of 
the other approaches have been shown to reduce mortality 
(6,7). The application of invasive mechanical ventilation is 
associated with several complications related to endotracheal 
intubation including ventilator-associated pneumonia (8). 
The current mortality rates across various centers varies 
between 30% and 40% (5,9). One strategy to avoid invasive 
mechanical ventilation is the use of non-invasive ventilation 
(NIV). NIV is the provision of positive airway pressure for 
mechanical ventilation without the need of an endotracheal 
airway (10,11). Positive airway pressure can be delivered 
either as continuous positive airway pressure (CPAP) or 
as bilevel positive airway pressure wherein the positive 
pressure is either same or different during inspiration and 
expiration, respectively (10,11). NIV can be administered 
either with the dedicated portable NIV ventilators or the 
intensive care unit (ICU) ventilators (12). 

Ever since its inception in the early 21st century, NIV 
has been used for a variety of conditions causing respiratory 
failure, both acute and chronic. Currently, the conditions 
where NIV is the first line treatment include acute 
exacerbations of chronic obstructive pulmonary disease 
(COPD), acute cardiogenic pulmonary edema, acute 
respiratory failure in the immunocompromised and in 
weaning COPD patients off invasive ventilation (13-16). 
However, for other indications such as severe acute asthma 
or hypoxemic respiratory failure including ARDS, the use 
of NIV remains controversial (17-21). The physiological 
basis for the use of NIV in ARDS is due to the fact that it 
reduces dyspnea, unloads respiratory muscles, improves 
oxygenation, and hence may help in avoiding invasive 
mechanical ventilation (22,23). Despite the physiological 
rationale, there is lack of high quality data. A meta-analysis 
of three randomized controlled trials (RCTs) suggested that 
NIV in comparison to standard care did not reduce either 
the intubation rate or the mortality. However, the total 
number of patients was small and the authors concluded 
that further evidence is needed to ascertain the role of NIV 
in ARDS (24). A subsequent study that pooled the results 
of randomized and non-randomized studies (13 studies, 540 
subjects) demonstrated that the use of NIV in ARDS was 
associated with an intubation rate of 48% suggesting that 
NIV could be beneficial in 50% of patients with ARDS, 
if properly chosen (22). A recent pooled analysis of 17 
randomized trials of NIV in acute hypoxemic respiratory 
failure demonstrated superiority of NIV over standard 
treatment with oxygen supplementation (25). However, this 
review pooled the results of patients with acute hypoxemic 
respiratory failure of varied etiology (mucus plugging or 
atelectasis, cardiogenic pulmonary edema, pneumonia, 
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pulmonary embolism, post-operative respiratory failure and 
others) rather than ARDS exclusively (25). Thus, the results 
of this analysis should be interpreted with caution. Few 
RCTs have investigated the role of NIV in patients with 
ARDS, and in some of these studies the outcomes for ARDS 
have been reported in the form of a subgroup analysis 
(Table 1). The results of these studies suggest that NIV can 
potentially decrease the intubation rates but not mortality, 
compared to oxygen therapy in the initial management of 
ARDS (Figure 1). However, there is significant clinical and 
statistical heterogeneity (I2=79%), which suggests that the 
effect of NIV in ARDS is likely to be extremely variable 
across patients.

Several factors affect the outcome of NIV most important 
being the host factors including the underlying etiology 
of respiratory failure (COPD vs. others), the severity of 
respiratory failure (based on the degree of hypoxemia and 
the clinical features including the respiratory rate) and 
the underlying severity of the critical illness (based on the 
APACHE II score or other similar ICU scoring systems) 

(16,31,32). The performance of NIV may also depend upon 
device-related factors such as the gas source (compressed 
air or turbine pump), oxygen supply (high pressure or low 
pressure source), circuit (single or double limb) and the 
interface (type of mask) (10-12). The application of NIV 
requires an interface that acts as a connection between the 
patient and the ventilator for delivering the positive airway 
pressure (11). Whether an interface can influence outcome 
in ARDS is not known.

A recent study by Patel et al. is perhaps the first 
randomized trial that has investigated the role of interface 
in determining the outcomes during NIV in patients with 
ARDS (33). The authors hypothesized that the use of 
helmet would allow for delivery of higher airway pressures 
without air leak secondary to a better seal obtained with 
the helmet, thereby improving outcomes. This study was a 
single center trial in which consecutive patients with ARDS 
were randomized to receive NIV using either the face mask 
or the helmet. The study subjects were adults who fulfilled 
the Berlin criteria for ARDS and had required NIV for at 

Table 1 Randomized trials describing the use of non-invasive ventilation (NIV) in acute respiratory distress syndrome (ARDS) 

Author 
[year] (ref.)

No. of 
patients

Methodology
Inclusion  
criteria

Type of 
mask

Type of  
NIV used

Mode  
of NIV

Intubation 
rate in NIV  

arm

Intubation 
rate in 

control arm

ICU mortality 
(NIV vs.  

control arm)

Antonelli  
et al. 
[2000] (26)

15 NIV vs. 
oxygen 
therapy

Solid organ transplant Full face 
mask

ICU ventilator 
(Puritan Bennett 
7200, Servo 900 
C, Siemens)

PSV 3/8 6/7 3/8 vs. 4/7

Delclaux  
et al. 
[2000] (27)

81 NIV vs. 
oxygen 
therapy

Mild-to-moderate 
ARDS

Full face 
mask/
nasal 
mask

Dedicated CPAP 
device (vital flow 
100 CPAP flow 
generator)

CPAP 15/40 18/41 9/40 vs. 9/41

Ferrer  
et al. 
[2003] (28)

15 NIV vs. high 
flow oxygen 
using Venturi 
mask

Mixed causes of acute 
hypoxemic respiratory 
failure; only ARDS 
highlighted here

Face 
mask

Dedicated NIV 
(BiPAP vision)

Bilevel 
positive 
airway 
pressure

6/7 8/8 5/7 vs. 7/8

Squadrone 
et al. 
[2010] (29)

40 CPAP vs. 
oxygen 
therapy

Haematological 
malignancy (post 
chemotherapy or BMT) 
with mild-to-moderate 
ARDS

Helmet Dedicated NIV 
with whisper 
flow

CPAP 2/20 16/20 3/20 vs. 15/20

Zhan et al. 
[2012] (30)

40 NIV vs. 
oxygen 
therapy

Mild-to-moderate 
ARDS

Face 
mask

Dedicated NIV 
(BiPAP vision)

Bilevel 
positive 
airway 
pressure

1/21 7/19 1/21 vs. 5/19

BMT, bone marrow transplant; CPAP, continuous positive airway pressure; ICU, intensive care unit; PSV, pressure support ventilation; 
ARDS, acute respiratory distress syndrome.
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least eight hours. All the study subjects had some underlying 
immunosuppression (solid malignancy, hematological 
malignancy, solid organ transplant and stem cell transplant). 
Patients in the facemask group were ventilated with a 
dedicated NIV machine (Philips Respironics V60) with 
a single limb circuit while those allocated to the helmet 
group were ventilated with an ICU ventilator (Engström 
Carestation, GE Healthcare) with a double limb circuit. 
The primary outcome was the proportion of study subjects 
who required endotracheal intubation. The secondary 
outcomes included the 28-day ventilator free days, ICU and 
hospital length of stay, ICU and 90-day mortality. Although 
the initial calculated study sample was 206, the study was 
stopped after an interim analysis and finally enrolled 83 
subjects. Thirty-nine and 44 subjects were assigned to the 
conventional face mask and the helmet group, respectively. 
Surprisingly, the helmet group had a significantly lower 
intubation rate when compared with the face mask group 
(absolute difference, −43.5%; 95% CI, −62.4% to −24.3%, 
P<0.001). The difference in the intubation rates remained 
significant even after adjusting for the APACHE II score. 
Hospital and 90-day mortality and the ICU length of stay 
were also significantly lower in the helmet group. The use 

of helmet during NIV was associated with a significantly 
higher ventilator free-days. There was no difference in the 
mask associated complications such as skin ulceration. 

There are several points to be considered before accepting 
the results of the study. The major strength of the trial 
was the inclusion of subjects with ARDS as per the Berlin 
definition. However, there were several limitations. One 
major weakness was that it compared two types of interface 
that are used during NIV without any group receiving high 
flow oxygen. Recently, high-flow oxygen (at a gas flow rate 
of 50 liters per minute) through nasal cannula (Optiflow, 
Fisher and Paykel Healthcare) was found to be similar in 
efficacy to NIV in preventing intubation rates in patients 
with non-hypercapnic acute respiratory failure (34). Also, the 
subjects in the study were all individuals with malignancy 
and post-transplant respiratory failure, unlike the etiologies 
with ARDS (pneumonia, sepsis, acute pancreatitis and 
others) that are seen in day-to-day practice. The authors 
apart from two different types of interfaces had also 
used two different types of NIV devices and whether the 
different machines had any influence on outcomes remains 
unknown. The dedicated NIV machines do not provide 
stable pressure support at higher pressures and hence may 

Figure 1 Forest plot of the risk difference of the intubation rates and mortality comparing non-invasive ventilation (NIV) with oxygen 
therapy in patients with acute respiratory distress syndrome. The risk difference of sensitivity of individual studies is represented by a square 
through which runs a horizontal line (95% confidence interval). The diamond represents the pooled effect size. The results suggest that 
NIV can potentially decrease intubation rates but has no effect on mortality.
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be inferior in conditions where higher pressure support is 
required (12,35-37). Also, the dedicated NIV machines with 
a single limb circuit require an expiratory port or swivel to 
avoid rebreathing. This may result in loss of the effective 
PEEP that is required to keep the collapsed alveoli open. 
The authors also hypothesized that use of face mask would 
be associated with higher leak around the mask but have not 
provided the amount of air leak in the two study groups. 
Although increased air-leak may theoretically be associated 
with higher NIV failure, the current NIV machines 
compensate for the air leaks. The trial was ended before 
the calculated number of subjects could be enrolled. Early 
conclusion of trials can exaggerate the magnitude of effect 
size due to multiplicity and hence the results of trial that 
end prematurely should be interpreted cautiously (38,39). 
Finally, it is a single-center trial and hence more data is 
required to confirm the findings of this study.

Currently, what is the role of NIV in ARDS? The 
answer to this question is like finding the holy grail. A fair 
indication based on the current level of evidence would 
be to judiciously institute NIV using the ICU ventilator 
in subjects with mild-to-moderate ARDS (Table 2). The 
patients should be closely monitored for improvement in 

the physiological parameters (respiratory rate, heart rate, 
oxygen status). Apart from the severity of the underlying 
disease, failure in improvement of PaO2/FiO2 ratio after one 
hour of NIV use should prompt endotracheal intubation 
(22,40). Future studies should use a uniform definition of 
ARDS, have a comparator arm of standard care with high-
flow oxygen, and should preferably use the same equipment 
in both the study arms.
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Table 2 Practical approach to the use of non-invasive ventilation (NIV) in patients with acute respiratory distress syndrome (ARDS)

Use judiciously and only in a setting of intensive care unit where facilities for intubation and invasive ventilation are readily available

Use in selected patients with mild-to-moderate ARDS with no major organ dysfunction  
(such as acute renal failure requiring dialysis or hypotension)

Use of bilevel positive airway pressure is preferred to continuous positive airway pressure

Use of a critical care ventilator is preferred over a dedicated non-invasive ventilator 

Position: head end elevated at 45 degrees

Interface: oronasal mask or helmet may be preferred to nasal mask

Protocol: start with IPAP/EPAP of 8/4 cm H2O. Increase IPAP in increments of 2–3 cm H2O (maximum 18–20 cm H2O)  
to obtain an exhaled tidal volume of 6 mL/kg and a respiratory rate of 30–35 breaths per minute. Increase EPAP in increments  
of 1–2 cm H2O (maximum 8–10 cm H2O) to ensure oxygen saturation of 92% with the lowest FiO2 possible

Trial of NIV for one hour

Monitor respiratory rate, pH, PaO2/FiO2 ratios and PaCO2

High likelihood of failure if PaO2/FiO2 ≤146 after one hour 

Watch for late failures even if patients show early improvement

Weaning: continuously administer NIV for the first 24–48 hours until oxygenation and clinical status improves. Once clinical improvement 
begins, gradually reduce the use of NIV depending on the degree of clinical improvement. Once EPAP decreases to 4 cm H2O, monitor the 
patient while administering supplemental oxygen without NIV for 15 minutes. Discontinue NIV if the patient is able to maintain a respiratory 
rate of ≤30 breaths/minute and a PaO2 of 60 mmHg, with an FiO2 of 0.3 without significant use of the accessory muscles of respiration

EPAP, expiratory positive airway pressure; IPAP, inspiratory positive airway pressure.
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With Acute Respiratory Distress Syndrome: A Randomized 
Clinical Trial. JAMA 2016;315:2435-41.
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