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Comparing Noninvasive Ventilation Delivered Using Neurally-Adjusted
Ventilatory Assist or Pressure Support in Acute Respiratory Failure

Kuruswamy Thurai Prasad, Raghava Rao Gandra, Sahajal Dhooria, Valliappan Muthu,
Ashutosh Nath Aggarwal, Ritesh Agarwal, and Inderpaul Singh Sehgal

BACKGROUND: The use of neurally-adjusted ventilatory assist (NAVA) during noninvasive
ventilation (NIV) results in better patient—ventilator interaction. Whether this improves clinical
outcomes lacks dedicated study. METHODS: In this randomized controlled trial, we compared
NAVA with PSV for delivering NIV in consecutive subjects with de novo acute respiratory fail-
ure. The primary outcomes were NIV failure rates and 28-d mortality. The secondary outcomes
were asynchrony index, NIV-related complications, and others. RESULTS: We enrolled 100
subjects (50 subjects each for NAVA and PSV, 60% male) with a mean = SD age of 56.7 =
12 y. There was no difference in NIV failure rates (30% vs 32%, P = .83) and 28-d mortality
rates (18% vs 34%, P = .07) between the NAVA and PSV arms, respectively. The median asyn-
chrony index was significantly lower with NAVA (6.7 vs 44.8, P < .001). The use of NAVA signif-
icantly reduced NIV-related complications (32% vs 58%, P = .01). In a post hoc analysis, the
use of NAVA significantly reduced the 28-d mortality in subjects with COPD exacerbation.
CONCLUSIONS: The use of NAVA during NIV did not improve NIV failure rate or 28-d mor-
tality in subjects with acute respiratory failure. However, patient-ventilator asynchrony and
NIV-related complications were reduced with NAVA. Trial registry: www.clinicaltrials.gov
(NCT03271671) Key words: respiratory failure; mechanical ventilation; noninvasive ventilation; pres-
sure support ventilation; neurally adjusted ventilatory assist, bi-level positive airway pressure. [Respir

Care 0;0(0):1-e. © 0 Daedalus Enterprises]

Introduction

Noninvasive ventilation (NIV) is an important treat-
ment option in the management of acute respiratory fail-
ure (ARF)." The success of NIV depends on several
factors, including the etiology of respiratory failure, the
use of an appropriate interface, the provision of humidifi-
cation, and patient—ventilator synchrony.? Patient—ventila-
tor asynchrony is an important cause of NIV failure
because it leads to increased work of breathing that may be
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associated with patient discomfort and prolonged duration
of mechanical ventilation.” Unfortunately, patient—ventila-
tor asynchrony is common during NIV.* Pressure support
ventilation (PSV), the most commonly used mode of NIV,
is associated with a high degree of patient—ventilator asyn-
chrony.* Although PSV enables the patient to influence the
breathing pattern, ineffective or auto-triggering causes
patient—ventilator asynchrony and results in NIV failure.*
Neurally-adjusted ventilatory assist (NAVA) is a ventila-
tory mode that utilizes the electrical activity of the dia-
phragm (EAy) to mechanically ventilate the patient.’
During NAVA, the amount of pressure support delivered
during each breath is proportional to the EAy;, which is a

Correspondence: Inderpaul Singh Sehgal MD DM, Assistant Professor,
Department of Pulmonary Medicine, Postgraduate Institute of Medical
Education and Research, Chandigarh 160012, India. E-mail: inderpgi@
outlook.com.

DOI: 10.4187/respcare.07952

1

Copyright (C) 2020 Daedalus Enterprises ePub ahead of print papers have been peer-reviewed, accepted for publication, copy edited
and proofread. However, this version may differ from the final published version in the online and print editions of RESPIRATORY CARE


http://www.clinicaltrials.gov
http://www.rcjournal.com
http://www.rcjournal.com
mailto:inderpgi@outlook.com
mailto:inderpgi@outlook.com

RESPIRATORY CARE Paper in Press. Published on September 1, 2020 as DOI: 10.4187/respcare.07952

NAVA vs PSV DurinG NIV

measure of the neural drive to the diaphragm.® NAVA has
been shown to reduce patient—ventilator asynchrony,’ avoid
overassistance, decrease intrinsic PEEP, and minimize
wasted effort.® However, no study to date has primarily
investigated clinical outcomes with the use of NAVA dur-
ing NIV in ARF. We hypothesized that the use of NAVA
would be associated with reduced NIV failure compared
to PSV due to better patient—ventilator interaction. In this
article, we compare the clinical outcomes between NAVA
and PSV in subjects with ARF requiring NIV.

Methods
Setting

This was an investigator-initiated, single-center, random-
ized controlled trial conducted between July 2017 and June
2019 in the respiratory ICU of the Postgraduate Institute of
Medical Education and Research. The respiratory ICU is
an 8-bed unit where we treat medically ill patients. The
Institutional Ethics Review Committee approved the study
protocol (TRB2447/1/7/17). Written informed consent was
obtained from all subjects or their next of kin.

Study Subjects

Consecutive patients = 18 y and = 90 y requiring NIV
for ARF or for prevention of postextubation respiratory
failure (preemptive NIV) were included in this study. The
diagnosis of ARF was made in patients with new or wor-
sening dyspnea of < 1-week duration, and at least 2 of the
following: breathing frequency > 30 breaths/min; arterial
blood gas analysis showing P,o, < 60 mm Hg with or
without Pyco, > 45 mm Hg (and pH < 7.35); P,o,/ Floz <
300 or; use of accessory muscles of respiration or
paradoxical respiration. Preemptive NIV was administered
to patients who were deemed to have a high risk of devel-
oping respiratory failure after extubation based on standard
criteria (see the supplementary materials at http://www.
rcjournal.com).” Patients with severe ARDS (Py0,/Fi, =
100), > 2 organ failures, established postextubation respira-
tory failure, or contraindications to the use of NIV were
excluded (see the supplementary materials at http://www.
rcjournal.com). Because this was a pilot study, we enrolled
a convenience sample of 100 subjects (NAVA = 50, PSV
= 50).

Randomization

Consecutive subjects meeting the inclusion criteria were
sequentially randomized 1:1 to either the NAVA or the
PSV arm at ICU admission. The randomization sequence
was computer-generated with blocks of 4, and the sequen-
tial numbers were placed in opaque, sealed envelopes. The
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QUICK LOOK

Current knowledge

The use of neurally-adjusted ventilatory assist (NAVA)
during noninvasive ventilation (NIV) results in better
patient—ventilator interaction. Whether this improves
clinical outcomes is not known.

What this paper contributes to our knowledge

The use of NAVA to deliver NIV did not improve NIV
failure rates or 28-d mortality. However, NAVA during
NIV reduced NIV-related complications and produced
better patient—ventilator interaction compared to pres-
sure support ventilation. In a post hoc analysis, NAVA
during NIV reduced 28-d mortality in subjects with
COPD exacerbation.

envelopes were opened by ICU physicians who were not
directly involved with the study or with the analysis of the
results. Blinding of the ICU physicians was not possible
because the ventilatory strategies were intrinsically differ-
ent. However, the investigators analyzing the results were
blinded to the assignment of the group.

Study Procedure

NIV was administered in both arms using the Servo-i
ventilator (Maquet, Getinge Group, Solna, Sweden). We
delivered NIV through an oronasal mask (UltraMirage,
ResMed, Sydney, Australia) of appropriate size. Subjects
were allowed intermittent periods off NIV for eating or
expectoration of respiratory secretions. During such peri-
ods, they were given oxygen through nasal cannula, with a
target Syo, of 89-92%. Subjects in both study groups
received standard medical care (eg, enteral nutrition, deep
venous thrombosis prophylaxis, stress ulcer prophylaxis) as
per the existing ICU protocol, in addition to the treatment
specific to the underlying clinical condition. We did not use
sedation during NIV.

PSV Mode. Subjects randomized to PSV mode were venti-
lated with an initial pressure support of 6 cm H,O above
PEEP, which was adjusted in steps of 2 cm H,O every 15
min to achieve a tidal volume of 6 mL/kg ideal body weight,
breathing frequency < 30 breaths/min, and relief from dysp-
nea. PEEP was commenced at 5 cm H,O and was titrated
along with Fio, to achieve the target Spo, of 89-92%. A
minimum pressure difference of 4 cm H,O between
pressure support and PEEP was always maintained. The
maximum pressure support and PEEP allowed in the study
were 20 cm H,O and 10 cm H,O, respectively.
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NAVA Mode. NAVA was administered as previously
described (see the supplementary materials at http://www.
rcjournal.com).'” Briefly, subjects in the NAVA arm were
ventilated on PSV mode initially for 30 min for stabilization,
and then they were switched to NAVA preview mode. The
NAVA level was set to achieve a pressure support similar to
the initial PSV mode, according to the manufacturer’s recom-
mendations. PEEP and Fyo, were adjusted like in the PSV
arm. EAy; trigger was initially set to 0.5 uV and was adjusted
(if needed) as per clinical requirements. Subsequently, the
NAVA level was increased by 0.2 cm H,O/uV every 15 min
to achieve a breathing frequency < 30 breaths/min and a tidal
volume of 6 mL/Kg ideal body weight. The maximum
NAVA level allowed was 3 cm H,O/uV, which corresponds
to a pressure support level of 25-30 cm H,O.'""'?

Baseline Assessment and Monitoring. At ICU admission,
clinical details including etiology of respiratory failure and
significant comorbidities were collected (see the supple-
mentary materials at http://www.rcjournal.com). We
monitored breathing frequency, heart rate, blood pres-
sure, Glasgow coma score, Syo,, signs of respiratory fa-
tigue (eg, respiratory alternans, paradoxical breathing),
and fit of mask every 15 min for the initial 4 h. Arterial
blood gas analysis was performed at the initiation of NIV
and repeated at 1, 2, 4, 12, and 24 h after the initiation of
NIV, at study end point, and at discharge from the ICU.

Measurement of Asynchrony. A NAVA catheter was
inserted in each subject to continuously measure EAg; and
to note the peak and minimum EAy; values over each venti-
lator cycle.'” The following asynchronies were checked
and recorded as the number of events/minute: ineffective
efforts, trigger delay, double-triggering, auto-triggering,
premature cycling, delayed cycling (see the supplementary
materials at http://www.rcjournal.com). Asynchrony index
was calculated as described previously'?; asynchrony index
> 10% was termed as severe.

Weaning. Weaning from PSV and NAVA was performed
using predetermined criteria.'* In the PSV group, once the
subject’s clinical condition stabilized, pressure support
was reduced in steps of 2 cm H,O every 2 h. In the NAVA
group, once the EAy started to decline or remained
unchanged with stable tidal volumes, the NAVA level
was decreased in steps of 0.2 cm H,O/uV every 2 h.
Simultaneously, PEEP was reduced in both groups by dec-
rements of 1 cm H,0O. Care was taken to maintain Syo, >
88% at Fip, = 0.3, breathing frequency = 30 breaths/min,
and tidal volume of 6-8 mL/kg ideal body weight. If any
of the aforementioned conditions were not met, or the
EAg signal increased disproportionately (only in the
NAVA group) at any time during the downtitration, the set-
tings of the previous step were retained. In the PSV group,
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reduction of pressure support and PEEP were continued in
this manner until a pressure support of = 12 cm H,0 and
PEEP of = 5 cm H,0O was reached. In the NAVA group,
reduction of NAVA level and PEEP was continued until a
peak pressure of = 12 cm H,0 and PEEP of = 5 cm H,0O
at a NAVA level of < 0.5 cm H,O/uV was reached. Once
the subject was comfortable on these settings for 4—6 h, the
subject was taken off NIV and connected to an air-entrain-
ment mask with Fyo, adjusted to maintain S,0, of 89-92%.

Outcomes

All subjects were followed until death or up to 3 months
after hospital discharge, whichever was earlier. The pri-
mary outcomes were NIV failure and 28-d mortality. NIV
was deemed to have failed if one of the following occurred:
(1) endotracheal intubation during or within 48 h of NIV
discontinuation, or (ii) reinitiation of NIV within 48 h of
NIV discontinuation. Decision for re-intubation and reini-
tiation of NIV was made using a standard protocol (see the
supplementary materials at http://www.rcjournal.com).'*
NIV was reinitiated using the same setting that the subject
received prior to weaning for the subsequent 24 h. The sec-
ondary outcomes were the duration of NIV and mechanical
ventilation (both noninvasive and invasive), time to intuba-
tion, weaning failure (discharge on home NIV), physician’s
ease of use of the NIV mode on visual analog scale (on a
scale of 100 mm, with 0 being very easy and 100 being
very difficult), subject’s visual analog scale for comfort (0
being very comfortable and 100 being very uncomfortable)
while on NIV, asynchrony index, severe asynchrony (ie,
asynchrony index > 10%), trends of clinical and blood gas
parameters, complications related to NIV, length of ICU
and hospital stay, hospital mortality, and 90-d mortality.

Statistical Analysis

Results are presented in a descriptive fashion as mean *
SD, median and interquartile range (IQR), or number and
percentage. The differences between means of continuous
and categorical variables were analyzed using the Mann-
Whitney U test (or Student ¢ test) and chi-square tests,
respectively. The trends in vital signs (breathing frequency
and mean arterial blood pressure), arterial blood gas values
(pH, Pa0,, Paco,), and NIV parameters (peak inspiratory
pressure, PEEP, tidal volume, and asynchrony events) were
analyzed using a mixed-model technique (autoregressive
method) for repeated-measures analysis of variance; the
within-groups factor was time (at baseline, 1, 2, 4, and
24 h), while the between-groups factor was the treatment
arm."> The change in the proportion of subjects with severe
asynchrony index over time was assessed using the
Cochran Q test. We performed competing risk analysis to
compare the duration of NIV, mechanical ventilation, and
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Patients assessed
for eligibility
343

Did not meet
inclusion criteria: 55
Met inclusion criteria

288 Excluded

188
Severe impairment of consciousness: 42
Negative consent: 39
NIV mask fitting issues: 33
Multiorgan failure: 13
Age <18 or >75y: 11
1 Pao,/Fio, <100: 10
Participation in another clinical trial: 9
Hypotension: 8
Logistical issues: 8
Diaphragmatic dysfunction: 5
Contraindication to nasogastric tube: 4
Inability to clear respiratory secretions: 4
Pregnant: 2

Subjects enrolled
100
PSV NAVA
50 50

Fig. 1. Flow chart. NAVA = neurally-adjusted ventilatory assist; NIV
= noninvasive ventilation; PSV = pressure support ventilation.

duration of ICU stay with death as a competing risk.
Statistical significance was assumed at a P value < .05. All
statistical analyses were performed using SPSS 23 (IBM,
Armonk, New York).

Results

Of the 343 screened patients, 243 were excluded before
randomization (Fig. 1). Fifty-five patients (16%) did not
meet the inclusion criteria (diagnosis of ARF or eligibility
for preemptive NIV as per the study protocol), while an
additional 188 patients (54.8%) were excluded because of
poor sensorium, lack of consent, and other reasons (Fig. 1).
Finally, 100 subjects were randomized to either the NAVA
arm (n = 50) or the PSV arm (n = 50).

The mean = SD age of the study population (60% male)
was 56.7 = 12.0 y and was similar in both the groups
(Table 1). A majority (64%) of the subjects had at least 1
comorbid illness. The most common indication for NIV
was acute hypercapnic respiratory failure (69%), followed
by acute hypoxemic respiratory failure (17%) and preemp-
tive use of NIV (14%). There was no statistical difference
between the 2 groups in the indication for NIV
(P = .43). The mean *= SD duration of prior invasive me-
chanical ventilation in patients receiving preemptive NIV
was 1.1 = 3.1 d and was not different between the 2 groups
(P = .28). Other baseline clinical and laboratory parameters
were also similar between the groups. The median (IQR)
pressure support and NAVA level at NIV initiation were
9.0 (7.0-10.0) cm H,O and 0.6 (0.5-0.8) cm H,O/uV for
the PSV and NAVA groups, respectively.

4

Primary Outcomes

Overall, NIV failed in 31% of the subjects. We did not
detect any difference in the NIV failure rates between the 2
arms (NAVA vs PSV: 30% vs 32%, P = .83) (Table 2).
Among the NIV failures, 28 subjects required endotracheal
intubation, while 3 subjects required NIV within 48 h of
tube removal. The intubation rates were similar between
the NAVA and the PSV arms (13 [26%] vs 15 [30%], P =
.66). There was also no difference in the 28-d mortality
between the 2 groups (NAVA vs PSV, 9 [18%] vs 17
[34%], P = .07).

Secondary Outcomes

The median (IQR) time to intubation was similar between
the 2 groups (NAVA vs PSV; 4.2 [2.6-9.8] vs 4.5 [3.0-
40.5] h, P = .39). The length of ICU stay was significantly
less in the NAVA arm (sub hazard ratio [95% CI], 0.9 [0.8—
0.9], P = .003) (see the supplementary materials at http://
www.rcjournal.com). There was no difference in the dura-
tion of NIV or the total duration of mechanical ventilation.
The visual analog scale score for the physician’s ease of use
and the patient’s comfort were also similar in both study
arms. The use of NAVA during NIV was associated with a
higher survival at 90 d (Table 2). The use of NIV was safe,
and only minor complications were encountered. However,
complications attributed to NIV use were significantly
higher in the PSV arm. Abdominal distention (NAVA vs
PSV: 6% vs 20%, P = .04) and facial excoriation (NAVA
vs PSV: 14% vs 36%, P = .01) were significantly less com-
mon in the NAVA group compared to the PSV group.

There was a significant reduction in breathing frequency,
peak pressure, and peak EAy; and significant improvement
in pH and P,0,/Fj5, as compared to the baseline in both
study arms. The use of NAVA resulted in better muscle
unloading as highlighted by the lower peak EAy; values at
each measured time point compared to the PSV arm.
Further, although the peak pressure at NIV initiation was
higher in the NAVA arm than in the PSV arm, it rapidly
improved over the initial 24 h in the NAVA arm while it
remained same in the PSV arm (see the supplementary
materials at http://www.rcjournal.com).

The asynchrony index (median [IQR]) was signifi-
cantly lower in the NAVA arm than in the PSV arm
(6.7 [0-15.3]/min vs 44.8 [31.0-66.7/min], P < .001).
The proportion of subjects with severe asynchrony index
(ie, > 10%) was also significantly lower in NAVA arm as
compared to PSV arm (38% vs 96%, P < .001). The use of
NAVA resulted in significantly fewer premature cycling
events and a significantly shorter trigger delay (see the sup-
plementary materials at http://www.rcjournal.com).

In the post hoc analysis of subjects with COPD exacerba-
tion, the use of NAVA resulted in significantly lower 28-d
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Table 1.  Baseline Characteristics of Subjects at ICU Admission

Parameters Total NAVA PSV P
Demographics
Age, y 56.7 £ 12.0 55.5 % 10.5 58.0 =133 .23
Male gender 60 (60.0) 30 (60.0) 30 (60.0) > .99
Ideal body weight, kg 60.3 = 8.2 60.7 = 8.5 599179 .69
Comorbidities
Any comorbidity 64 (64.0) 33 (66.0) 31 (62.0) .68
Hypertension 42 (42.0) 20 (40.0) 22 (44.0)
Diabetes mellitus 26 (26.0) 15 (30.0) 11 (22.0)
Immunocompromising condition® 4 (4.0) 12.0) 3(6.0)
Advanced pulmonary disease 10 (10.0) 4 (8.0) 6 (12.0)
Indication for NIV 43
Hypoxemic respiratory failure 17 (17.0) 7 (14.0) 10 (20.0)
Interstitial lung disease exacerbation 1 0 1
ARDS 5 2 3
Pneumonia 4 2 2
Heart failure 7 3 4
Hypercapnic respiratory failure 69 (69.0) 34 (68.0) 35 (70.0)
Exacerbation of COPD 61 30 31
Bronchiectasis 6 4 2
Bronchiolitis 1 0 1
Obstructive sleep apnea 1 0 1
Pre-emptive NIV after extubation 14 (14.0) 9 (18.0) 5(10.0)
Duration of prior invasive mechanical ventilation, d 1.1 =3.1 1229 1.0 £29 28
Clinical parameters
Breathing frequency, breaths/min 322 8.0 324 8.2 32.1 £7.8 75
Heart rate, beats/min 107.9 £ 21.0 107.8 = 23.6 108.0 = 18.3 72
Mean arterial pressure, mm Hg 89.3 £ 17.8 85.5* 169 93.2 = 18.1 .08
Glasgow coma scale 143 =24 14.0 £ 2.7 147 =19 .08
SOFA score 5.1 %29 5.1 %29 5.0=*3.0 .82
APACHE II score 124 = 6.7 12.0 = 6.7 127 £ 6.8 .59
Laboratory results
Hemoglobin, g/dL 124 +29 124 = 3.1 124 £2.7 77
Plasma glucose, mg/dL 171.2 £ 58.8 169.5 £ 55.5 174.1 = 62.7 .76
Serum creatinine, mg/dL 1.2+ 1.1 14+1.3 1.1 £0.8 .39
Serum albumin, g/dL. 29+ 0.6 2.8 £0.6 3.0+ 0.7 45
Arterial blood gas analysis
pH 7.31 £0.09 7.31 £0.10 7.31 £0.08 52
P,0,, mmHg 72.6 £27.8 69.7 =277 75.6 £279 .26
Paco,, mmHg 60.9 = 18.7 59.9 £19.7 61.7 = 17.8 .62
Bicarbonate, mmol/L 295 7.0 289 = 6.5 302 =74 47
P.0,/Fio, 186.2 = 93.7 1772 = 92.7 194.9 = 94.7 .53
NIV parameters
Pressure support, median (interquartile range) NA NA 9 (7-10) NA
PEEP, cmH,O 52+0.7 53+08 52=*0.6 71
Peak airway pressure, cm H,O 163 =43 17.8 = 4.8 14.8 = 3.1 <.001
NAVA level, median (interquartile range) NA 0.6 (0.5-0.8) NA
Tidal volume, mL/kg ideal body weight 64+ 1.5 65+ 1.6 64+ 1.5 .59

All data are provided as n (%) or mean = SD, unless otherwise noted. Total N = 100 subjects; NAVA: n = 50 subjects; PSV: n = 50 subjects. * Includes chronic steroid use, post-solid organ transplanta-
tion, retro-positive status and immunodeficiency.

NAVA = neurally-adjusted ventilatory assist; PSV = pressure support ventilation; NIV = noninvasive ventilation; SOFA = sepsis related organ failure assessment score; APACHE II = Acute
Physiology and Chronic Health Evaluation II; NA = not applicable
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Table 2. Primary and Secondary Outcomes
Parameters NAVA PSV Estimate Difference (95% CI) P
Primary outcome
NIV failure 15 (30.0) 16 (32.0) -0.02 (-0.20 to 0.16) .83
Intubation rate 13 15 —0.04 (-0.21 t0 0.13)
Re-initiation of NIV = 48 h after weaning 2 1 0.02 (-0.07 to 0.12)
28-d mortality 9 (18.0) 17 (34.0) —-0.16 (-0.32 to 0.01) .068
Secondary outcomes
Duration of NIV, h 23.4 +22.7 30.5 = 31.9 —7.1 (-18.1 to 3.89) 32
Time to intubation, h 10.0 =234 18.9 = 21.0 —8.9 (-26.15 to 8.35) .39
Duration of mechanical ventilation, h* 110.6 *= 209.6 85.8 = 119.1 24.8 (—42.9 to0 92.46) 72
Weaning failure 1(2.0) 2 (4.0) -0.02 (-0.12 t0 0.07) .56
Visual analog scale, mm"
For physician ease 26.9 = 16.3 28.8 = 18.5 -1.9 (-8.82 t0 5.02) .68
For subject comfort 473+ 17.5 449 + 184 2.4 (—4.73 10 9.53) .61
ICU length of stay, d* 84 99 53*+42 3.1 (0.08 to 6.12) 25
Hospital length of stay, d* 125 £9.7 9.7 £6.2 2.8 (-0.43 t0 6.03) 12
Death in ICU or hospital 6 (12.0) 10 (20.0) -0.08 (-0.22 to 0.07) 28
90-d mortality 11 (22.0) 21 (42.0) -0.2 (-0.37 to -0.02) .032
Complications
Any complication 16 (32.0) 29 (58.0) -0.26 (-0.43 to —-0.07) .009
Abdominal distension 3(6.0) 10 (20.0) —0.14 (- 0.28 to —0.01) .037
Nasal trauma 9 (18.0) 13 (26.0) —0.08 (-0.23 to 0.08) 33
Facial excoriation 7 (14.0) 18 (36.0) -0.22 (-0.38 to —0.05) .01
Nasal congestion 1(2.0) 2 (4.0) -0.02 (-0.12 t0 0.07) .56
Eye irritation 4 (8.0) 5(10.0) -0.02 (-0.14 to 0.10) 73
Oronasal dryness 1(2.0) 1(2.0) 0.00 (-0.10 to 0.10) > .99

All data are provided as n (%) or mean = SD. NAVA: n = 50 subjects; PSV: n = 50 subjects.
*Includes both invasive and noninvasive ventilation.

T Higher scores indicate lower ease/comfort levels.

*For those who survived to ICU/hospital discharge.

NAVA = neurally-adjusted ventilatory assist; PSV = pressure support ventilation; NIV = noninvasive ventilation

mortality (P = .01) (Table 3). There was however, no dif-
ference in NIV failure rates, duration of NIV, and length of
ICU and hospital stay (Table 3).

Discussion

We found no difference in the NIV failure rates or mor-
tality with the use of NAVA compared to PSV in subjects
with ARF. However, the use of NAVA resulted in signifi-
cantly better patient—ventilator interaction. In a post hoc
analysis, the use of NAVA significantly improved survival
in subjects with COPD exacerbation.

NIV is widely used as the first-line treatment
for patients with ARF, especially hypercapnic ARF.
Unfortunately, the failure rates with NIV still remain
high (up to 50%), particularly in those with hypoxemic
ARF.'*!'® One important reason for NIV failure is patient—
ventilator asynchrony. In a recent systematic review of
small physiological studies,”'*'*?' we noted that use of

6

NAVA during NIV resulted in significantly lower patient—
ventilator asynchrony.” NAVA was also associated with a
significantly lower proportion of subjects with severe
asynchrony (ie, > 10%).” Both of these findings were also
observed in the current study, where we identified a signif-
icant reduction in both asynchrony index and severe asyn-
chrony index.

Despite better patient—ventilator interaction, the use of
NAVA did not improve NIV failure rates or hospital mortal-
ity. One obvious reason is the inclusion of a heterogenous
population with ARF. NIV failure rates are higher in those
with hypoxemic compared to hypercapnic respiratory failure,
especially those with ARDS."*'82%?* This was also demon-
strated in the subgroup analysis of subjects with an exacerba-
tion of COPD, in whom the use of NAVA significantly
reduced the 28-d mortality (Table 3). However, NIV failure
rates, duration of NIV, and length of hospital stay were not
different compared to PSV. A recent study of NAVA in sub-
jects with COPD exacerbation made a similar observation.?*
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Table 3. Outcomes of Subjects With COPD Exacerbation

NAVA PSV Estimate Difference (95% CI) P
NIV failure 11 (36.7) 16 (51.6) —0.15 (-0.37 t0 0.10) 24
28-d mortality 4(13.3) 13 (41.9) —0.29 (-0.48 to —0.06) .01
Hospital LOS, d 9.6 =49 8.6 6.3 1.0 (-1.90 to 3.90) 17
ICULOS, d 59%5.0 5.1 %40 0.8 (-1.52t0 3.12) .61
Duration of NIV, h 28.3 £26.4 34.7 = 36.2 —6.4 (-22.68 t0 9.88) .66
Duration of mechanical ventilation, h 88.8 = 137.8 97.5 £ 132.6 —8.7 (77.98 to 60.58) 94

All data are provided as n (%) or mean £ SD. NAVA: n = 30 subjects; PSV: n = 31 subjects.

NAVA = neurally-adjusted ventilatory assist; PSV = pressure support ventilation; NIV = noninvasive ventilation; LOS = length of stay

In this study, we noted 2 unexpected results. First, the
use of NAVA resulted in a 20% reduction in 90-d mortality.
This could be attributed to lower in-hospital mortality in
subjects with COPD exacerbation, which might have con-
tributed to better 90-d mortality. The better 90-d survival in
the NAVA arm could also be due to unmeasured comorbid-
ities or the severity of the underlying disease, or it could be
a chance finding. Second, the use of NAVA resulted in a
lower frequency of abdominal distention (6% and 20% in
NAVA and PSV arms, respectively) and skin ulcers (14%
and 36% in NAVA and PSV arms, respectively). This could
have been due to the better synchrony of the patient’s inspi-
ration with the ventilator-delivered breath, resulting in less
aerophagia and lower frequency of mask displacement.

What are the clinical implications of this study? Our
findings indicate that NIV can be safely delivered using
NAVA for a prolonged duration. Further, NAVA can be
used during NIV to manage subjects presenting with ARF
of different etiologies. The use of NAVA results in better
diaphragmatic unloading, as indicated by a more marked
reduction in peak EA;.>* Thus, this study provides the basis
for future research into clinical outcomes using NAVA dur-
ing NIV, particularly for patients with COPD exacerbation.
The NIV failure rate was 52% in the PSV arm and 37% in
the NAVA arm (power 0.8, alpha 0.05). Keeping NIV fail-
ure as the primary outcome, 186 subjects would be required
in each arm. The 28-d mortality was 34% in the PSV arm
and 18% in the NAVA arm. Using this information from
the current study, 130 subjects would be required in each
arm.

Finally, our study has a few limitations. This was a sin-
gle-center study with a small sample size. We also included
a heterogeneous population of subjects. However, the study
population reflects the typical scenario in any respiratory
ICU, thereby representing a real-world situation. Due to
limitations of the ventilator software, we recorded the
high-resolution waveform for only 20 s at a time. We
obtained 3 readings (each for 20 s, at 5-min intervals) to
present data for 1 min. This might reduce the confidence
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in our measurements. The strength of the study is the use
of objective criteria for intubation and the use of NAVA
catheters in both groups to assess patient—ventilator inter-
action. Another important strength of our study is that we
did not use sedation, thereby avoiding the effects of seda-
tion on the ventilatory modes compared.

Conclusions

The use of NAVA during NIV did not improve NIV fail-
ure rates or 28-d mortality in subjects with ARF. However,
use of NAVA reduced the frequency or severity of patient—
ventilator asynchrony and NIV-related complications. The
finding of improved survival in subjects with COPD exac-
erbation with NAVA requires further evaluation in a larger
trial.
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