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Non-invasive ventilation in chronic obstructive
pulmonary disease patients:
helmet versus facial mask

Abstract Rationale: The helmet

is a new interface with the potential
of increasing the success rate of
non-invasive ventilation by improving
tolerance. Objectives: To perform
a physiological comparison between
the helmet and the conventional
facial mask in delivering non-invasive
ventilation in hypercapnic patients
with chronic obstructive pulmonary
disease. Methods: Prospective,
controlled, randomized study with
cross-over design. In 10 patients we
evaluated gas exchange, inspiratory
effort, patient—ventilator synchrony
and patient tolerance after 30 min
of non-invasive ventilation delivered
either by helmet or facial mask; both
trials were preceded by periods of
spontaneous unassisted breathing.
Measurements: Arterial blood gases,
inspiratory effort, duration of dia-
phragm contraction and ventilator
assistance, effort-to-support delays
(at the beginning and at the end of
inspiration), number of ineffective
efforts, and patient comfort. Main

results: Non-invasive ventilation
improved gas exchange (p< 0.05)
and inspiratory effort (p< 0.01) with
both interfaces. The helmet, however,
was less efficient than the mask in
reducing inspiratory effort (p< 0.05)
and worsened the patient—ventilator
synchrony, as indicated by the longer
delays to trigger on (p< 0.05) and
cycle off (p< 0.05) the mechanical
assistance and by the number of
ineffective efforts (p< 0.005). Patient
comfort was no different with the two
interfaces. Conclusions: Helmet and
facial mask were equally tolerated
and both were effective in amelio-
rating gas exchange and decreasing
inspiratory effort. The helmet, how-
ever, was less efficient in decreasing
inspiratory effort and worsened the
patient—ventilator interaction.

Keywords Non-invasive positive
pressure ventilation - Respiratory
insufficiency - Chronic obstructive
pulmonary disease - Patient—ventilator
interaction - Controlled clinical trial

Introduction

Non-invasive ventilation (NIV) provides adequate ventila-
tory support [1, 2, 3] and reduces the need for endotracheal
intubation [4, 5, 6, 7, 8] in patients with acute respiratory
failure of various etiologies and in particular in patients
with chronic obstructive pulmonary disease (COPD) [4, 6,
9,10, 11, 12].

NIV is commonly delivered via a mask secured
by head-straps tightened to avoid air-leaks, the major

determinants of difficulty in patient—ventilator interaction
during pressure support ventilation (PSV) [13]. Excessive
tightening, however, increases patient discomfort. Both
air-leaks and patient discomfort are common causes of
NIV failure [14].

The helmet is a novel interface that may help to
improve comfort during NIV by removing the need for
sealing around the nose and mouth [15, 16]. Data from
prospective non-randomized studies comparing the helmet
and the facial mask suggest that the former may reduce



75

the rate of intubation related to intolerance, allowing for
continuous delivery of NIV for longer periods of time [15,
16].

In a study evaluating COPD patients with hypercapnic
acute respiratory failure, NIV improved gas exchange
with both the helmet and the facial mask [16], but
the helmet corrected the hypercapnia less efficiently
and its clinical advantages were less evident than in
hypoxemic patients [15]. The larger dead space of the
helmet may increase rebreathing and could explain the
higher PaCO, [17, 18]. The extent of this side effect,
however, may not be relevant [16] as it is largely depen-
dent on the flow rate of fresh gases, CO, production,
respiratory mechanics, minute ventilation, and breathing
pattern [17, 18]. The soft compliant wall and the ele-
vated internal compressible volume of the helmet can
interfere with triggering the ventilator assistance on and
off [18, 19, 20] and further worsen the often difficult
patient—ventilator interaction in COPD patients [21,
22].

We performed this physiologic randomized controlled
study with cross-over design to compare helmet and facial
mask in delivering NIV to hypercapnic COPD patients,
with respect to gas exchange, inspiratory effort, patient—
ventilator synchrony, and comfort.

Methods

The study was performed at the Fondazione S. Maugeri
Hospital, Pavia. The local ethics committee approved the
protocol, and signed informed consent was obtained from
every patient.

Patients

We enrolled 10 consecutive hypercapnic patients with
severe COPD recovering from an episode of acute exac-

erbation. Inclusion criteria were: (1) diagnosis of COPD
(based on clinical history and pulmonary function tests);
(2) chronic hypercapnic respiratory failure; (3) long-term
NIV via nasal mask, in accordance with a predefined
protocol [23], for at least 6 months; (4) recent episode of
acute exacerbation (fever, leukocytosis, increase in the
amount and purulence of sputum, worsening of dyspnea
and gas exchange) which required medical treatment and
an increase in the hours of NIV during the day. Exclusion
criteria were: (1) unstable clinical conditions (i.e., need for
vasopressors, metabolic acidosis, angina, life-threatening
arrhythmias, need for FiO; > 0.5, agitation and anxiety);
(2) pneumonia, as assessed by X-ray; (3) inability to co-
operate; (4) claustrophobia; (5) recent gastro-esophageal
surgery; (6) face or neck deformities; (7) previous use of
facial mask or helmet; (8) enrollment in other research
protocols.

Patients’ characteristics at enrollment are provided in
Table 1.

Measurements

Arterial blood was withdrawn from the radial artery at
the end of each trial and immediately analyzed (ABL
300 and ABL 625 Radiometer, Copenhagen, Denmark).
Airflow was measured with a heated pneumotachograph
(Hans-Rudolf 3700, Kansas City, KS, USA) connected to
a differential pressure transducer (Honeywell, Freeport, IL,
USA). The pneumotachograph was placed distally to the Y
piece and proximal to the mask or mouthpiece during the
mask and spontaneous breathing trials, respectively; the
tidal volume was obtained by digital integration of the flow
signal. With the helmet, the pneumotachograph was placed
between the end of the inspiratory line and the air inlet.
Pressure at the airway opening (Pao) was assessed
via a side port connected to a pressure transducer (Mi-
cro Switch, Honeywell, USA). Esophageal (Pes) and

Table 1 Patient characteristics

Sex Age Weight Diagnosis PaO, PaCO, pH FEV;
(years) (kg) (mmHg) (mmHg) ®
M 60 65 COPD 55.6 58.2 7.39 0.53
M 74 79 COPD 59.2 58.0 7.43 0.78
F 48 100 COPD, 64.0 50.1 7.36 0.80
TB sequelae
F 70 65 COPD 58.0 56.9 7.35 0.48
M 80 64 COPD 52.9 58.8 7.40 0.70
M 61 71 COPD 62.8 59.5 7.38 0.78
F 73 113 COPD, 63.1 55.7 7.38 0.98
Obesity
M 78 65 COPD 68.3 50.4 7.40 0.82
M 69 87 COPD 62.6 53.0 7.35 0.82
M 62 93 COPD 58,0 58.3 7.40 0.63

COPD, chronic obstructive pulmonary disease;
TB, tuberculosis; FEV, forced expiratory volume in 1s
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gastric (Pga) pressures were measured using separate
balloon-tipped catheters (Microtek, Medical B.V., Zut-
phen, Netherlands) positioned in the mid-esophagus and
in the stomach and connected to two differential pressure
transducers (Micro Switch, Honeywell, USA). Esophageal
and gastric balloons were filled with 0.5 and 1 ml of air,
respectively. Correct positioning of the catheters was
evaluated as previously described [24]. Transdiaphrag-
matic (Pdi) pressure was obtained by subtracting Pes from
Pga. Pes was corrected for expiratory muscle activity, as
previously described [25].

Patient’s own (neural) respiratory rate (RR,) and ven-
tilator rate of cycling (RRyep) were determined from Pdi
and Pao swings, respectively (Fig. 1). In line with previous
studies [18, 26, 27], the patient’s inspiratory time (TLp)
was estimated from the Pdi tracing as the time between the
onset of the positive Pdi swing above baseline (i.e., start
of inspiratory effort) and the point where Pdi started to fall
toward baseline (Fig. 1). Likewise, the duration of the in-
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Fig.1 Extreme impairment in patient—ventilator interaction during
non-invasive ventilation by helmet. Airway opening (Pao) and trans-
diaphragmatic (Pdi) pressure—time tracings are shown in the upper
panel and lower panel, respectively. The two solid vertical lines
in the upper panel indicate onset and end of ventilator assistance,
thereby delimiting its duration (71,v). The two dotted vertical lines
in the lower panel, which denote onset and end of Pdi, demarcate
patient inspiratory time (77,p). In the first breath, TLp and TLyv are
almost completely out of phase, but the effort is able to trigger the
ventilator; the two following breaths are ineffective to trigger the
ventilator, as indicated by the two arrows on the Pao tracing. See
text for further explanation
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Fig.2 Airway opening (Pao) and transdiaphragmatic (Pdi) pressure-
time tracings are shown, from another subject breathing with the
helmet, in the upper panel and lower panel, respectively. The two
solid vertical lines denote onset of Pdi and start of ventilator assis-
tance; accordingly, the distance between these two lines corresponds
to the effort-to-support delay at the beginning of inspiration (De-
lay, Tr-insp). The two dotted vertical lines indicate end of Pdi and
termination of ventilator support; the distance between these two
lines thus corresponds to the end-inspiratory effort-to-support de-
lay (Delay,Tr-exp). The distance between the second solid line and
the first dotted line indicates the time during which the contracting
diaphragm is supported by the ventilator (TLp-TI,v synchrony). See
text for further explanation

spiratory assistance provided by the ventilator (TL,v) was
calculated from the Pao tracing (Fig. 1).

The inspiratory trigger delay (Delay, TR-insp) was cal-
culated as the time lag between onset of inspiratory effort
and start of ventilator support, while the expiratory trig-
ger delay (Delay,TR-exp) was calculated as the time lag
between the points at which Pdi and Pao started to fall
toward baselines (Fig. 2). We also calculated the time of
synchrony between muscle effort and ventilator support
(TLp-TILv synchrony) as the period in the course of in-
spiration during which the diaphragm was contracting and
the ventilator was concurrently delivering support.

The pressure—time products of the transdiaphragmatic
(PTPdi) and esophageal (PTPes) pressure were assessed to
determine the effort exerted by the diaphragm and to pro-
vide a surrogate estimate of the overall inspiratory mus-
cle exertion, not considering the amount of effort spent to
distend the chest wall, from the changes in Pes and Pdi
over time, respectively. The pressure—time products were
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both calculated per minute, determining the area under Pdi
(PTPdi/min) and Pes (PTPes/min) within a 1-min time in-
terval, as previously described [28], and per breath (PT-
Pdi/br and PTPes/br), dividing PTPdi/min and PTPes/min
by RR;,. We also calculated the percentage of the swing
in Pdi expended to trigger the ventilator (100% for the in-
effective efforts) and the amount of PTPdi/min due to the
ineffective efforts.

Patient comfort during NIV with the two interfaces was
assessed using a five-item scale already used in previous
studies [29, 30]. At the end of each run, just before ABG
assessment, the patient was asked to score his comfort as
follows: 1, bad; 2, quite bad; 3, acceptable; 4, quite good;
5, good.

Experimental protocol

The patients were studied in semi-recumbent position.
All patients received NIV via a standard ICU ventilator
(Evita 4; Dréger, Liibeck, Germany) in pressure support
mode (PSV) by helmet (CaStar, NIV model, Starmed,
Mirandola, Italy) and facial mask (Mirage, ResMed,
Sydney, Australia), applied in random order. The size of
the facial mask was chosen to be the most comfortable for
the patient, while avoiding air leaks. The helmet, made
of transparent latex-free polyvinyl chloride, was secured
by two padded armpit braces at two hooks sited in the
front and the back of a metallic ring joining the helmet
with a soft-cushioned collar, which adhered to the neck
allowing a sealed connection. To ensure an accurate yet
comfortable seal, the helmet size was chosen according to
the circumference of the neck: a small model for collar
sizes of 33 cm or less, a medium one between 34 and
39cm, and a large helmet for 39 cm and above. The
helmet was connected to the ventilator by conventional
respiratory circuitry joining two lateral port sites to the air
inlet and outlet of the ventilator.

Inspiratory assistance of 12 cmH0O, delivered using
the highest pressurization rate, above a positive end-
expiratory pressure (PEEP) of 5 cmH,0, was used for all
patients. Flow triggering was always set at 1 1/min. The
two trials of NIV, delivered with the mask and the helmet,
were both preceded by periods of spontaneous unassisted
breathing through a mouthpiece with the nostrils closed
by a nose-clip and the ventilator set in continuous positive
airway pressure (CPAP) mode at 5 cmH,0O. FiO; was set
to obtain an oxygen saturation > 93% and < 96% during
the first trial of spontaneous unassisted breathing and
never changed throughout the study period. All the trials
lasted 30 min.

Data analysis

The last 5 min of each trial were recorded and averaged
for data analysis. The signals were amplified, low-pass

filtered, digitized at 100Hz and stored in a PC for
further analysis. The results are expressed as mean =+
standard deviation (SD). Differences in arterial blood
gases (ABGs), breathing frequency, patient inspiratory
time, and indexes of inspiratory effort between NIV and
spontaneous breathing trials were determined using the
analysis of variance (ANOVA) for repeated measurements.
Difference between the two interfaces with respect to all
the other variables were assessed using the paired Student
t-test. P values < 0.05 were considered statistically signifi-
cant.

Results

All patients completed the study protocol. As shown in
Fig. 3, compared with spontaneous breathing, NIV was
effective in reducing PaCO;, with both interfaces (from
55.947.32 to 52.0 £ 7.14 mmHg, p< 0.05 with the hel-
met, and from 55.5 & 7.77 to 51.7 + 8.52 mmHg, p< 0.05,
with the mask). Additionally, we observed an improvement
in PaO, (from 60.0 £ 6.3 to 65.5 &+ 7.4 mmHg, p< 0.05,
with the helmet; from 61.4 £ 10.5 to 67.3 &+ 11.1 mmHg,
p< 0.05, with the mask).

Compared with unassisted spontaneous breathing,
during NIV tidal volume was increased by 35% (from
429+ 152 to 581 £ 167ml; p <0.01) with the mask,
while it could not be determined with the helmet. As
shown in Table 2, regardless of the interface, the changes
in RR;, were rather small and not significant. Conversely,
RR, was lower with the helmet than with the mask
(p <0.005). Ineffective inspiratory efforts were not
present at all when NIV was delivered by mask, while
they occurred in five patients with the helmet, averaging
5.4+2.1 breaths/min (p< 0.05). As also shown in Table 2,
compared with spontaneous breathing, during NIV TLp
was significantly reduced with the mask, while not

% = p<0.05 vs. spontaneous breathing
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Fig.3 Effects of non-invasive ventilation delivered either by helmet
or facial mask on arterial oxygenation (PaO3, left axis) and arterial
carbon dioxide (PaCO3, right axis). Compared with unassisted spon-
taneous breathing (SB), both interfaces improved gas exchange
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different with the helmet. TL,v was significantly shorter
with the mask than with the helmet (0.9640.31 vs
1.18£0.28s, p <0.05) (Table?2). Both Delay,TR-insp
(p<0.01) and Delay,TR-exp (p<0.05) were longer
with the helmet than with the mask (Table 2). TL,p-TLv
synchrony, however, was not different between helmet
and mask (Table 2). The time from onset of inspiratory
effort to achievement of the preset inspiratory pressure
was longer with the helmet than with the mask (1.09 vs
0.84s, p <0.01).

As shown in Fig.4, compared with spontaneous
breathing, NIV reduced the inspiratory effort both
with helmet and mask, as indicated by the reduction
in esophageal and diaphragmatic pressure swings and
pressure—time products, either per breath or per minute.
In particular, with respect to unassisted spontaneous
breathing, NIV delivered by helmet decreased the Pdi
swing by 43.5% (from 16.3+7.5 to 9.2+ 6.6 cmH,0,
p<0.001), PTPdi/br by 46.1% (from 11.5£5.0 to
6.2+4.5, p<0.001), and PTPdi/min by 43.0% (from
254 £ 89 to 1454 140, p< 0.001); with the mask, the
Pdi swing was reduced by 51.0% (from 14.1+6.5
to 6.9+4.6cmHy0, p<0.001), PTPdi/br by 64.3%
(from 11.24+4.4 to 4.0 £ 3.0, p< 0.001), and PTPdi/min
by 65.3% (from 262+99 to 91 +69, p<0.001). PT-
Pdi/br and PTPdi/min were significantly lower with
the mask than with the helmet (p<0.05 for both)
(Fig. 4). The amount of diaphragmatic effort spent to
trigger the ventilator accounted for 83% of the overall
Pdi swing with the helmet and 31% with the mask
(» <0.001). During NIV delivered by the helmet,
the ineffective efforts accounted for 29% of the total
PTPdi/min.

As shown in Table 2, patient comfort was not different
with the two interfaces.

- < - Pdi
207
157
Pressure
swing 107
(cmH20) 5
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151
124
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(cmH,O/s) 61
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0-
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Fig.4 Effects of non-invasive ventilation delivered either by hel-
met or facial mask on inspiratory effort, as indicated by pressure
swing (upper panel) and pressure—time product, either per breath
(PTP/breath; middle panel) and per minute (PTP/min; lower panel),
of the esophageal (Pes) and transdiaphragmatic (Pdi) pressure. Com-
pared with unassisted spontaneous breathing (SB), both interfaces
decreased the indexes of inspiratory effort. PTP/breath and PTP/min,
however, were significantly lower with the facial mask than with the
helmet. **p <0.001 vs spontaneous breathing; § p <0.05 vs helmet

Table 2 Respiratory rate, duration of inspiration, patient—ventilator synchrony and comfort

Spontaneous Helmet Spontaneous Facial mask p value

breathing breathing
RR,p (breaths/min) 22.7+3.1 20.7+7.5 235425 234443 ns®
RR,v (breaths/min) - 164+£5.9 - 237+49 <0.01°
TLp (s) 1.04+0.18 1.05+£0.37 1.01 £0.17 0.85+£0.37* <0.012
TLv (s) - 1.18 £0.28 - 0.96 £0.31 <0.01°
Delay,Tr-insp (s) - 0.33£0.20 - 0.17+0.19 <0.05°
Delay,Tr-exp (s) - 0.46£0.22 - 0.28 £0.18 <0.05°
TI,p-TLv synchrony (s) - 0.72+£0.32 - 0.68£0.31 0.78°
Comfort score 3015 3.0£0.8 0.99°

RR,p, patient’s own (neural) respiratory rate; RR,v, ventilator rate of cycling; T1,p, patient inspiratory time; 71,v, duration of inspiratory
ventilator assistance; Delay, TR-insp, delay between onset of inspiratory effort and start of ventilator support; Delay, TR-exp, delay be-
tween the points at which Pdi and Pao start to fall toward baselines; T1,p—T1,v, time of synchrony between inspiratory muscle effort and
ventilator support (see text for further explanation) *ANOVA for repeated measurements PPaired r-test *Compared with the other three

conditions
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Discussion

Our study shows that NIV improves gas exchange and de-
creases inspiratory effort in hypercapnic COPD patients
with both the helmet and the facial mask. The helmet, how-
ever, is less efficient than the mask in reducing inspiratory
muscle effort and worsens patient—ventilator synchrony, as
indicated by the occurrence of ineffective efforts and by
longer delays between inspiratory muscle activity and sup-
port delivery, both at onset and end of inspiration.

We studied COPD patients recovering from an acute
exacerbation. Although at the time of the study most
of the patients had PaCO; values still exceeding those
observed prior to the exacerbation, our patients had milder
alterations of pulmonary mechanics and derangements of
ABGs and breathing pattern than those of acute patients
with decompensated respiratory acidosis. In chronically
hypercapnic COPD patients, the effects produced by NIV
on gas exchange [30, 31, 32, 33], breathing pattern [30,
31, 32, 33], patient—ventilator synchrony [32], and inspi-
ratory effort [31, 32, 33] have been shown to be quite
similar, although to a different extent, to those observed
in acute patients [1, 2]. As in previous studies comparing
interfaces [30, 31], we chose to investigate hypercapnic
patients without decompensated respiratory acidosis;
this was done to overcome the difficulties and risks of
interrupting NIV to return to baseline (i.e., spontaneous
breathing) and to avoid the limitation of assessing a sub-
jective measurement, such as comfort, in patients with
potential sensory impairment. Anyhow, to our knowledge,
this is the first physiological study assessing inspiratory
muscle effort and patient—ventilator interaction during
NIV delivered by helmet in patients, rather than healthy
volunteers [18, 19, 20].

NIV delivered by mask increased on average tidal vol-
ume by 33%. We could not determine the tidal volume
when NIV was delivered through the helmet; however, be-
cause the changes in PaCO; were similar with the two in-
terfaces and the ventilator rate of cycling (TLv) was signif-
icantly lower with the helmet, the tidal volume was likely
to be higher with the helmet than with the mask. In healthy
volunteers, Chiumello et al. used optoelectronic plethys-
mography to overcome the problematic assessment of the
volume of air actually delivered to the patient during NIV
by helmet and found that the actual tidal volume was in-
creased, compared with spontaneous breathing, by 31%
and 20% with helmet and facial mask, respectively [19].

In agreement with Antonelli et al. [16], compared with
spontaneous breathing, NIV decreased PaCO, with both
helmet and mask; in contrast to Antonelli et al., however,
we did not observe significant differences in PaCO, be-
tween the two interfaces. This may be a consequence of
the difference in baseline PaCO, values between the two
studies. The different timing of arterial blood gas assess-
ment after NIV application (30 vs 60 min) may also have
played a role. Finally, the amount of CO, re-breathing pro-

moted by the helmet’s large internal volume is influenced
by the CO; production [17], which is higher in severe acute
patients with more frequent and intense respiratory efforts.

With respect to spontaneous breathing, both interfaces
decreased inspiratory effort, but the reduction obtained was
less with the helmet than with the mask. The different rate
of pressurization with the two interfaces, as indicated by
the longer time from onset of inspiratory effort to achieve-
ment of the preset inspiratory pressure with the helmet, as
opposed to the mask, may help to explain these results.

Compared with the mask, the helmet worsened pa-
tient—ventilator synchrony: ineffective efforts occurred
in five patients when NIV was delivered by helmet, but
were absent in all patients with the mask. NIV by helmet
was characterized by increased delays between effort and
support, both at the onset and at the end of inspiration
(Fig.2). As shown in Table 2, both Delay,TR-insp and
Delay, TR-exp were significantly longer with the helmet
than with the mask. TLp and TLyv, nevertheless, were also
significantly longer with the helmet. As a result, the time
during which the contracting inspiratory muscles were
supported by the ventilator (TL,p—TLv synchrony) was no
different with the two interfaces. This finding may explain
the satisfactory clinical performance of the helmet [15, 16,
34, 35, 36, 37, 38], in spite of the poor patient—ventilator
interaction. It is worth remarking, however, that the
fraction of TLp actually supported by the ventilator was
higher with the mask than the helmet (80% and 69%,
respectively; p < 0.05).

As previously done [18, 26, 27], we used Pdi instead
of diaphragm electrical activity to estimate onset and du-
ration of TLp. This approach may induce errors and is bi-
ased by limited reproducibility when compared with the
measurements of TLp obtained with diaphragm electrical
activity [39]. These biases, however, are overcome by the
cross-over design of the study, which offset the potential
errors in estimating TL,p.

In accordance with the results of several studies
performed in healthy volunteers [18, 19, 20], we found
that NIV by helmet decreased inspiratory effort, but
this reduction was significantly less than that obtained
with the mask [18, 19]. The interaction between patient
effort and ventilator support was different with the
two interfaces: due to the greater Delay,TR-insp, the
amount of inspiratory effort spent to trigger the ventilator
was almost 3 times as great with the helmet than with
the mask; in addition, as indicated by the increased
Delay,TR-exp, the time of mechanical insufflation into
the patient’s neural expiration was significantly longer
with the helmet. When NIV was delivered by helmet the
ineffective efforts accounted for almost one third of the
overall PTP/min, indicating that the inspiratory effort was
affected by the worsened patient—ventilator interaction.
As we tested only one set of inspiratory and expiratory
pressures, we cannot exclude different results with other
pressure settings. Also, because of technical differences
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in mode of PSV delivery among ventilators, our results
may differ somewhat from those obtained with other
ventilators.

Patient comfort was on average no different with the
two interfaces. We enrolled patients receiving long-term
NIV through a nasal mask to avoid problems secondary to
the lack of acquaintance with NIV, rather than to the in-
terface used. Being already accustomed to the nasal mask
might make a facial mask more acceptable than a helmet,
thereby obscuring the comfort advantage that otherwise
would be accrued to the helmet. Differences in patient
characteristics may also contribute to explain the discrep-
ancies, with other studies reporting a better tolerance with
the helmet than with the mask [15, 16]; indeed, COPD
patients on long-term NIV represent a highly selected pop-
ulation and our results might not be entirely applicable to
naive users during acute exacerbations. We believe, how-
ever, that most of these differences are attributable to the

trial duration, which in our study was too short for mask-
related side-effects such as skin abrasion to take place.

In conclusion, NIV improved gas exchange and re-
duced inspiratory effort both with helmet and mask; the
helmet, however, was less efficient in decreasing inspi-
ratory effort and worsened patient—ventilator interaction.
These results suggest that in COPD patients the mask
is the interface of first choice; the helmet may be an
alternative for patients who do not tolerate the mask or an
additional tool to prevent skin breakdown when NIV is
applied near-continuously for prolonged periods [5, 12,
40]. These conclusions, however, should not be uncondi-
tionally extrapolated to other populations of patients with
different derangements in gas exchange and respiratory
mechanics.

Acknowledgements. The authors are grateful to Jennifer Beck for
revising the manuscript and improving its clarity.
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