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B oth ventilator performance and interface tolerance 
are important determinants of noninvasive ventila-

tion (NIV) success.1–4 Neurally adjusted ventilator assist 
(NAVA) is a ventilatory mode where the ventilator is driven 
by the diaphragm electrical activity (EAdi), rather than by 
the conventional pneumatic signals, i.e., flow, volume, and 
airway pressure (Paw). Noninvasive NAVA improves patient–
ventilator interaction and reduces asynchronies, compared 
to pneumatically triggered and cycled-off pressure support 
(PSP), the most common mode for NIV delivery.5–9 The hel-
met is a relatively novel interface for NIV that, compared 
to facemasks, improves patient tolerance to NIV and allows 
NIV administration for longer periods with fewer interrup-
tions and NIV-related side effects4,10–12 and may reduce intu-
bation rates and 90-day mortality.13 The helmet, however, is 
characterized by a less efficient rate of pressurization, poor 
triggering function, and a higher rate of asynchronies.14,15

In hypoxemic patients receiving NIV through a helmet 
for treatment of postextubation respiratory failure, com-
pared to PSP, NAVA improves patient–ventilator interaction 

What We Already Know about This Topic

•	 Noninvasive ventilation by a facemask or a helmet is used after 
extubation to reduce the need for reintubation in patients at 
risk for extubation failure. Due to the large internal volume and 
the upward displacement (in its standard version), the helmet 
makes ventilator triggering less efficient and patient–ventilator 
asynchrony common.

What This Article Tells Us That Is New

•	 Pressure support (PS) ventilation with a helmet was studied 
after extubation in 15 patients. Neurally adjusted PS increased 
comfort and improved patient–ventilator interactions, com-
pared with standard (pneumatic) PS or neurally adjusted ven-
tilatory assist.
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ABSTRACT

Background: Compared to pneumatically controlled pressure support (PSP), neurally adjusted ventilatory assist (NAVA) 
was proved to improve patient–ventilator interactions, while not affecting comfort, diaphragm electrical activity (EAdi), and 
arterial blood gases (ABGs). This study compares neurally controlled pressure support (PSN) with PSP and NAVA, delivered 
through two different helmets, in hypoxemic patients receiving noninvasive ventilation for prevention of extubation failure.
Methods: Fifteen patients underwent three (PSP, NAVA, and PSN) 30-min trials in random order with both helmets. Positive 
end-expiratory pressure was always set at 10 cm H2O. In PSP, the inspiratory support was set at 10 cm H2O above positive 
end-expiratory pressure. NAVA was adjusted to match peak EAdi (EAdipeak) during PSP. In PSN, the NAVA level was set at 
maximum matching the pressure delivered during PSP by limiting the upper pressure. The authors assessed patient comfort, 
EAdipeak, rates of pressurization (i.e., airway pressure-time product [PTP] of the first 300 and 500 ms after the initiation of 
patient effort, indexed to the ideal pressure–time products), and measured ABGs.
Results: PSN significantly increased comfort to (median [25 to 75% interquartile range]) 8 [7 to 8] and 9 [8 to 9] with stan-
dard and new helmets, respectively, as opposed to both PSP (5 [5 to 6] and 7 [6 to 7]) and NAVA (6 [5 to 7] and 7 [6 to 8]; 
P < 0.01 for all comparisons). Regardless of the interface, PSN also decreased EAdipeak (P < 0.01), while increasing PTP of the 
first 300 ms from the onset of patient effort, indexed to the ideal PTP (P < 0.01) and PTP of the first 500 ms from the onset 
of patient effort, indexed to the ideal PTP (P < 0.001). ABGs were not different among trials.
Conclusions: When delivering noninvasive ventilation by helmet, compared to PSP and NAVA, PSN improves comfort and 
patient–ventilator interactions, while not ABGs. (Anesthesiology 2016; 125:1181-9)
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and synchrony, without determining significant variations 
in EAdi, respiratory rate, and arterial blood gases (ABGs).6 
When applying NIV with a standard helmet (SH), secured 
to the patient by armpit braces, the delivery of pressure to 
the patient’s airway is altered by the upward displacement of 
the interface during insufflation.16 A modified new helmet 
(NH) has been shown to improve, as opposed to a SH, trig-
gering and pressurization performance in PSP on bench,16 in 
healthy volunteers,17 and in critically ill patients.18

In the current study, we propose a specific NIV setting to 
generate a neurally controlled pressure support (PSN), con-
sisting of increasing the user-controlled gain factor (NAVA 
level) at maximum (15 cm H2O/μV), with the upper pres-
sure limit adjusted to achieve a maximum Paw of 20 cm 
H2O, including positive end-expiratory pressure (PEEP).19 
Accordingly, as soon as EAdi rises up, exceeding the trigger 
threshold (0.5 μV), Paw rapidly increases resulting in a steep 
pressurization of up to 20 cm H2O.

We hypothesize that PSN would improve comfort and 
reduce EAdi in intensive care unit (ICU) patients undergo-
ing NIV, by improving the rate of pressurization, compared 
to both PSP and NAVA, and triggering delays, as opposed to 
PSP only. Therefore, we compare the effects of PSN, PSP, and 
NAVA, delivered by both SH and NH, on comfort, respira-
tory drive, breathing pattern, ABGs, and patient–ventilator 
interaction and synchrony in patients receiving NIV for pre-
vention of postextubation respiratory failure.

Materials and Methods
The study was conducted in the ICU of the University Hos-
pital “Maggiore della Carità” (Novara, Italy) between July 
2012 and January 2013, in accordance with the principles 
outlined in the Declaration of Helsinki. The institutional 
ethics committee approved the study (protocol number 484/
CE, number of approval 64/12), and patient consent was 
obtained according to the Italian regulations. At the time the 
study was conducted, trial registration was not mandatory for 
this type of investigation. None of the patients in this study 
had been enrolled in other investigations. Part of the data was 
previously displayed in abstract form for poster presentations.

Subjects and Study Protocol
We considered eligible any patient aged 18 yr or older on 
invasive mechanical ventilation with all the following charac-
teristics: (1) previous invasive mechanical ventilation greater 
than or equal to 48 h; (2) consciousness, as indicated by 
Glasgow Coma Scale of 11 (i.e., spontaneous eyes opening, 
obeys command, and no verbal response because of the endo-
tracheal tube in place); (3) no infusion of midazolam and 
propofol in the previous 24 and 4 h, respectively; (4) readiness 
for extubation with indication, before extubation, to receive 
prophylactic NIV to prevent postextubation respiratory fail-
ure. Exclusion criteria were as follows: (1) agitation requir-
ing sedation; (2) recent cervical spine injury; (3) obstructive 
sleep apnea syndrome; (4) pregnancy; (5) contraindications 

to placement of a nasal-gastric feeding tube; (6) inclusion in 
other research protocol; and (7) lack of consent.

Patients were considered at risk for extubation failure when 
meeting at least one of the following: (1) more than one con-
secutive failure of weaning trial20; (2) arterial carbon dioxide 
tension (Paco2) more than 45 mmHg after extubation; (3) 
chronic respiratory disorders20; and (4) chronic heart failure.20

After enrollment, a nasal-gastric feeding tube designed 
for EAdi detection (NAVA Catheter; Maquet Critical Care, 
Sweden) was placed, as previously described.21 All trials were 
conducted with a Servo-I ventilator (Maquet Critical Care) 
equipped with a software for air-leak compensation.

We used two separate computer-generated random sequences 
through sealed, opaque numbered envelops held by physicians 
and nurses not involved in the study. The first sequence was used 
for the order of application of the two helmets, while the sec-
ond for the sequence of administration of the ventilatory modes. 
Therefore, each patient underwent three consecutive 30-min 
trials for both helmets with the same random sequence of 
modes. PEEP was always set at 10 cm H2O and left unmodified 
throughout the whole study period. The inspired oxygen frac-
tion, set to obtain oxygen saturation measured by pulse oximetry 
more than 94% and less than 97% before starting the protocol, 
remained unmodified throughout the study period. The specific 
settings of the three modes were as follows: (1) PSP, inspiratory 
support of 10 cm H2O above PEEP, fastest rate of pressurization, 
expiratory trigger threshold at 50% of the peak inspiratory flow; 
(2) NAVA, NAVA level set to achieve a comparable peak EAdi 
(EAdipeak) as during PSP, with a safety Paw upper limit of 30 cm 
H2O

6; and (3) PSN, NAVA level set at 15 cm H2O/μV19 with an 
upper Paw limit of 25 cm H2O, to obtain the same 20 cm H2O 
of the overall Paw applied in PSP.

22 In fact, the maximum pressure 
applied by the Servo-I ventilator is 5 cm H2O below the preset 
upper Paw limit.22 Fixed by the manufacturer, the default cycling-
off during both NAVA and PSN is 70% of EAdipeak.

22

Predefined criteria for protocol interruption were as follows: 
(1) need for emergency reintubation; (2) oxygen saturation mea-
sured by pulse oximetry less than 90%; (3) acute respiratory aci-
dosis, as defined by Paco2 more than 50 mmHg and pH less 
than 7.30; (3) inability to expectorate secretions; (4) hemody-
namic instability (i.e., need for continuous infusion of dopamine 
or dobutamine greater than 5 µg∙kg−1∙min−1, norepinephrine 
greater than 0.1 µg∙kg−1∙min−1, or vasopressin to maintain mean 
arterial blood pressure greater than 60 mmHg); (5) life-threaten-
ing arrhythmias or electrocardiographic signs of ischemia; or (6) 
loss of two or more points on the Glasgow Coma Scale.

Data Acquisition and Analysis
Airflow, Paw, and EAdi were acquired from the ventilator 
through an RS232 interface at a sampling rate of 100 Hz 
and recorded on a personal computer by means of dedicated 
software (NAVA Tracker V. 3.0; Maquet Critical Care). The 
last minute of each trial was manually analyzed off-line using 
customized software based on Microsoft Excel (Microsoft 
Corporation, USA), as previously described.21
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Mechanical inspiratory time and rate of ventilator cycling 
(mechanical respiratory rate [RRmec]) were determined from 
the flow tracing, while the patient’s neural TI (TIneu) and 
RR (RRneu) were obtained from the EAdi tracing.6 Mechani-
cal and neural inspiratory duty cycles were computed.6 We 
measured EAdi from baseline to peak (EAdipeak) to assess the 
neural drive.23 The peak inspiratory and the mean Paw values 
were also measured.

The pressurization performance was evaluated with the Paw-
time product (PTP) of the first 200 ms computed from the 
onset of ventilator assistance (PTP200) and of the first 300 and 
500 ms from the onset of patient effort, indexed to the ideal 
PTP and expressed in percentage (PTP300-index and PTP500-index, 
respectively).16,18,24 The ideal PTP was computed considering 
a perfectly squared rectangle on the Paw-time tracing, having 
the height of the actual Paw above PEEP and the width of the 
time window considered (i.e., 0.3 and 0.5 s from the onset 
of the inspiratory effort, assessed from the EAdi tracing, for 
PTP300-index and PTP500-index, respectively).16,18,24 The drop in 
Paw (ΔPtrigger) and the PTP during the triggering phase (PTPt) 
were determined to evaluate triggering performance.16,18,24

We calculated the inspiratory (DelayTR-insp) and expiratory 
trigger delays6 and the time of synchrony between diaphragm 
activity and ventilator assistance, indexed to patient’s own 
(neural) TI.18,24 The asynchrony index (AI%) was computed 
as the sum of ineffective efforts, autotrigger, and double trig-
ger, divided by the overall number of triggered and nontrig-
gered breaths.25 We considered an AI% greater than or equal 
to 10% to indicate a clinically relevant rate of asynchronies.25

At the end of each trial, arterial blood was sampled for 
ABGs and comfort was assessed using the 11-point numeric 
rating scale (NRS), as previously reported.18,26,27 Briefly, 
patients were asked to indicate a number between 0 (worst 
possible comfort) and 10 (no discomfort at all) on an ICU-
adapted, large printed scale including numbers and descrip-
tors.27 Before protocol initiation, all patients received a detailed 

explanation about the 11-point NRS. The scores obtained 
were recorded without further indications or comments.18

Statistical Analysis
To calculate the sample size necessary to ascertain a 50% 
NRS increase with PSN, we have utilized the values from 
a database of patients previously evaluated with a SH in 
PSP, with a mean NRS of 5.0 and a SD of 2.7. To detect 
an increase in comfort of 2.5, with α risk of 0.05 and β 
risk of 0.20, a sample of 12 patients were deemed necessary. 
Because this calculation is based on a Student’s paired t test 
and we performed comparisons among three conditions, we 
have applied Bonferroni correction, reducing the α risk from 
0.05 to 0.017, which increases the sample up to 15 patients.

Data are reported as median (25 to 75% interquartile range) 
unless otherwise specified. All continuous variables were com-
pared between modes with both helmets. The effects of the three 
modes were assessed separately for each helmet by the Friedman 
test and then by the Wilcoxon rank text, with Bonferroni cor-
rection for multiple comparisons (P < 0.017). We compared cat-
egorical data by the McNemar test, while the Spearman rank test 
was used to determine the correlation between each individual 
comfort scores and the corresponding PTP300-index, PTP500-index, 
PTPt, and DelayTR-insp; for these comparisons, we considered 
two-sided P < 0.05 significant. Statistical analysis was performed 
using the Sigmaplot v. 12.0 (Systat Software Inc., USA).

Results
We enrolled 15 consecutive patients, after obtaining written 
informed consent. Patients’ characteristics at ICU admission are 
provided in table 1. The main reason for ICU admission was 
hypoxemic acute respiratory failure (ARF). All patients com-
pleted the study protocol without complications. Two patients 
were reintubated before 48 h after extubation: one because of 
severe dyspnea and the second due to respiratory acidosis

Table 1.  Patient Characteristics at Intensive Care Unit Admission

Patient Gender Age Weight BMI Admission Pathology SAPS II

1 F 78 90 27.8 Pneumonia 34
2 M 62 88 28.1 Septic shock 37
3 M 57 72 23.5 Polytrauma 32
4 M 67 80 23.2 Pneumonia 39
5 F 75 82 28.4 Septic shock 46
6 M 69 70 25.1 Pancreatitis 68
7 M 31 67 21.1 Chest trauma 18
8 F 45 55 21.0 Postsurgical ARF 25
9 F 37 59 21.2 Chest trauma 18
10 M 56 62 22.2 Septic shock 30
11 M 74 73 23.8 Septic shock 40
12 F 76 78 25.5 Pneumonia 34
13 F 73 75 24.5 Pneumonia 33
14 F 63 64 22.4 Postsurgical ARF 32
15 M 59 70 22.9 Septic shock 33

ARF = acute respiratory failure; BMI = body mass index; F = female; M = male; SAPS II = Simplified Acute Physiology Score II.
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Comfort
Figure 1 shows individual scores and median values of com-
fort for all trials. With SH (left panel), PSN (8 [7 to 8]) 
improved the comfort score, when compared to both PSP 
(5 [5 to 6]; P < 0.001) and NAVA (6 [5 to 7]; P = 0.001). 
Similarly, with NH, PSN (9 [8 to 9]) outperformed both PSP 
(7 [6 to 7]; P < 0.001) and NAVA (7 [6 to 8]; P = 0.003). 
The comfort scores were directly correlated to PTP300-index (ρ 
= 0.52; P < 0.001) and PTP500-index (ρ = 0.50; P < 0.001) and 
inversely correlated to DelayTR-insp (ρ = −0.56; P < 0.001) 
and PTPt (ρ = −0.53; P < 0.001).

Breathing Pattern, Respiratory Drive, and ABGs
As depicted in table 2, RRneu, TIneu, and neural inspiratory 
duty cycle were unaffected by the ventilatory mode with both 
helmets. Also shown in table 2, PSN significantly decreased 
RRmec, as compared to PSP while not to NAVA, when deliv-
ering NIV by NH. Conversely, RRmec was no different at 
all between modes when delivering NIV by SH. Irrespective 
of the interface, mechanical inspiratory time and mechani-
cal inspiratory duty cycle were greater with NAVA and PSN 
than with PSP. Figure  2 displays Paw, flow, and EAdi trac-
ings of a representative patient during PSP, NAVA, and PSN 
delivered by SH. Compared to both PSP and NAVA, PSN 
reduced EAdipeak. Group median values confirm that EAdi-
peak is reduced by PSN, as opposed to both PSP and NAVA 
(table 2). ABGs were not different between trials (table 2).

Triggering Performance and Rates of Pressurization
Figure  3 displays Paw profiles of single breaths during PSP 
(solid line), NAVA (dotted line), and PSN (dashed line), with 
both interfaces from one patient. The arrow indicates the ini-
tiation of diaphragm effort, as assessed by EAdi. Irrespective of 
the interface, both PSN and NAVA show a shorter DelayTR-insp, 

as opposed to PSP, while the pressurization rate looks steeper 
in PSN than in PSP and NAVA. In keeping with these observa-
tions, group median data, as displayed in table 2, show that 
compared to PSP, both PSN and NAVA improved triggering 
performance irrespective of the interface, while all the indi-
ces of pressurization were significantly improved by PSN, as 
opposed to both PSP and NAVA, with no significant differ-
ence between PSP and NAVA. Also shown in table 2, com-
pared to PSP, NAVA improved PTP300-index and PTP500-index 
with SH, while not with NH.

Patient–Ventilator Synchrony
As shown in table  2, irrespective of the interface, PSP and 
NAVA significantly improved the ratio between time during 
which respiratory effort and ventilator assistance were syn-
chronous and the TIneu, as opposed to PSP. No patient had an 
AI% greater than or equal to 10% with PSN and NAVA, while 
in PSP, the patients with AI% greater than or equal to 10% 
were 8 with SH (P = 0.02, compared to both PSN and NAVA) 
and 5 with NH (P = 0.04, compared to PSN and NAVA).

Discussion
We found in patients receiving NIV by helmet that, irrespec-
tive of the interface, compared to both PSP and NAVA, PSN 
improves patient comfort, reduces EAdi, and results in bet-
ter pressurization and triggering performance, while it does 
not affect ABGs and respiratory rate. Both PSN and NAVA 
improve patient–ventilator synchrony, as opposed to PSP, 
with no significant difference between the two modes.

Although several studies proved that, compared to PSP, 
NAVA ameliorates patient–ventilator interactions and syn-
chrony during NIV,5–8 none demonstrated a reduction of 
EAdi, which is the best estimate of the respiratory drive28 and 
reflects diaphragm effort.29 In fact, in one study, EAdi is slightly, 
although significantly, higher in NAVA than in PSP,

8 while in 
the others, EAdi is no different between the two modes.5–7 In 
keeping with these findings, we find similar EAdipeak in NAVA 
and PSP, while PSN significantly reduces EAdipeak.

With PSN, a towering NAVA level and a safety Paw limit 
are set on the ventilator. Accordingly, as soon as EAdi rises 
up exceeding the trigger threshold (0.5 μV), the ventilator 
immediately applies a boost of pressure to the helmet deter-
mining a steep pressurization up to 20 cm H2O. Briefly, the 
upper pressure limit is achieved when the rise in EAdi reaches 
1.5 μV; in fact, 1.5 μV (EAdi) × 15 H2O/μV (NAVA level) > 
20 cm H2O. Consequently, as depicted in figure 3, the shape 
of the airway pressure in PSN is nearly squared, as in an ideal 
PSP, but EAdi determines on and off cycling instead of flow.

Patient comfort is a major determinant of NIV success30 
and depends on both interface tolerance and ventilator perfor-
mance.31 NIV by helmet reduces the inspiratory effort, com-
pared to spontaneous breathing, although to a lesser extent than 
by facemask.14,15 Vargas et al.15 showed that a specific ventilator 
setting for helmet NIV, consisting of a 50% increase in both 
the expiratory and inspiratory pressures, lessens diaphragm 

Fig. 1. Hollow circles (pneumatically controlled pressure 
support [PSP]), squares (neurally adjusted ventilatory assist 
[NAVA]), and triangles (neurally controlled pressure support 
[PSN]) indicate the individual comfort scores given by the 15 
patients on the numeric rating scale with standard helmet (left) 
and new helmet (right). Solid etched lines depict median val-
ues. #P < 0.017 PSN versus PSP; §P < 0.017 PSN versus NAVA.
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effort down to the values observed during mask NIV; these spe-
cific settings, however, did not improve patient comfort. We 
recently demonstrated NH to be superior to SH in terms of 
patient comfort and triggering and pressurization performance; 

the median value of EAdipeak, however, was lower with NH than 
with SH, without achieving statistical significance.18 Notably, 
in the current study, EAdi is significantly reduced by PSN with 
both helmets, compared to both PSP and NAVA.

Fig. 2. Examples of tracings from a representative patient breathing during pneumatically controlled pressure support (PSP), 
neurally adjusted ventilatory assist (NAVA), and neurally controlled pressure support (PSN), delivered through a standard helmet. 
Airway pressure (Paw), flow, and electrical activity of the diaphragm (EAdi) are displayed from top to bottom. PSN reduces EAdi 
as opposed to both PSP and NAVA.

Fig. 3. Airway pressure (Paw) profiles of single breaths during pneumatically controlled pressure support (solid line), neurally 
adjusted ventilatory assist (dotted line), and neurally controlled pressure support (dashed line) with both standard helmet (left) 
and new helmet (right), from another patient. In both panels, the arrow indicates the commencement of diaphragm effort, as 
assessed by diaphragm electrical activity.
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Moerer et al.32 showed in healthy individuals that, compared 
to conventional pneumatic triggering during PSP, EAdi triggering 
significantly improves comfort. In our study, both PSN and NAVA 
settings improved trigger delays and PTPt, compared to PSP, with 
no significant difference between NAVA and PSN. While Moerer 
et al.32 in healthy volunteers set PEEP at 5 cm H2O, we applied 
PEEP at 10 cm H2O because the main reason for ICU admission 
was hypoxemic ARF; indeed, as shown in table 2, the median arte-
rial oxygen tension/inspired oxygen fraction ratio never exceeded 
250 mmHg throughout the study protocol. In patients under-
going NIV for prevention of postextubation respiratory failure, 
Vargas et al.15 found that increasing PEEP from 5 to 8 cm H2O 
reduced the work of breathing and improved patient–ventilator 
interaction overall, without affecting patient’s comfort.

In hypoxemic patients undergoing invasive PSP, Chiumello 
et al.33 found that both the lowest and highest pressurization 
rates were associated with the worst level of comfort. In patients 
with chronic obstructive pulmonary disease (COPD) who are 
receiving PSP through a facemask while recovering from an epi-
sode of acute hypercapnic respiratory failure, Prinianakis et al.34 
also observed that the highest speed of pressurization worsened 
patient comfort. Different from the study performed in intu-
bated patients,33 Prinianakis et al.34 found the inspiratory muscle 
effort to be inversely related to the rate of pressurization.34 Impor-
tantly, in the study by Prinianakis et al.,34 the highest speed of 
pressurization caused air leaks that are well-known determinants 
of patient’s intolerance to NIV. Worth mentioning, both the 
endotracheal tube and facemask are characterized by very low 
compliance, which makes ventilator-delivered pressure entirely 
transmitted to the airway. Quite the opposite, the helmet is inef-
ficient in pressurizing the airway partly because of the soft com-
pliant wall and the increased internal compressible volume14 and 
primarily consequent to the downward displacement of the soft 
collar during ventilator insufflation in its standard version.16–18

Our study has some limitations deserving discussion. 
The number of patients enrolled is relatively small, as in the 
majority of the physiologic investigations.3,5–8,14,15,18,21,33 We 
powered our study to detect a 50% improvement in com-
fort, as assessed by the NRS, with PSN, as opposed to PSP, for 
at least one of the two interfaces. PSN significantly improves 
comfort with both interfaces, by 60% and 29% with SH 
and NH, respectively. Of note, PSN improves comfort with 
respect to both PSP and NAVA, with small and nonsignifi-
cant differences between the latter two modes.

We studied a mixed patient population with mainly hypox-
emic ARF, including individuals with diverse underlying dis-
eases, having in common only the indication for prophylactic 
NIV to prevent extubation failure and reintubation.20 We chose 
this patient population because, for proper comfort assessment, 
we consider including awake, nonsedated, and cooperative 
patients important, which may be problematic in more acutely 
and severely ill patients.35 In keeping with previous studies, we 
assess patient comfort by NRS18,26,27; this scale, however, is just 
formally validated for the assessment of pain36–38 and dyspnea.39

We use the 10% threshold to indicate a clinically relevant 
rate of asynchronies, which may not be correct for NIV. Very 
recently, Doorduin et al.9 found, in a selected population of 
COPD patients, that ineffective efforts increase drastically 
after timing errors between EAdi and airway pressure, reach-
ing 20%. As we do not study COPD patients and do not 
take into account timing errors in the computation of the 
AI%, while considering only “major” asynchronies (ineffec-
tive efforts, autotriggering, and double triggering), we deem 
the 10% threshold appropriate, in keeping with several pre-
vious studies dealing with asynchronies in NIV.5–8,18,25

Finally, because of their specific characteristics, the 
helmets are the interfaces with the highest potential for 
improvement with PSN, compared to both PSP and NAVA. 
In fact, the improvements observed are generally less promi-
nent with the more performing NH than with the SH.16–18 
It is uncertain whether the physiologic benefits we observe 
may occur when applying NIV by mask.

Conclusions
In patients receiving NIV by helmet for preventing extuba-
tion failure and reintubation, compared to both PSP and 
NAVA, PSN ameliorates patient comfort, while reducing 
the neural drive and effort and enhancing the pressurization 
rates. In addition, as opposed to PSP, while not to NAVA, 
PSN improves triggering performance and patient–ventila-
tor synchrony. Whether these benefits may take place with 
other interfaces or when applying NIV to other categories of 
patients remains unclear and needs further evaluation.
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Chiseled from marble in 1716, Sleeping Endymion (right) reflects the Rococo-Period prowess of Italian sculptor 
Agostino Cornacchini (1686 to 1754). According to classical Greek mythology, the handsome Endymion was a 
shepherd prince who was the first mortal to observe the moon. Personified as a Titan goddess named Selene, 
the Moon (left) reciprocated, unable to keep her eyes off the charming young man. She turned to her cousin, 
the king of the gods, to immortalize her dear Endymion. Zeus obliged by giving her lover the ultimate anesthetic, 
leaving Endymion forever young but forever sleepy. (Copyright © the American Society of Anesthesiologists’ 
Wood Library-Museum of Anesthesiology.)
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