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Abstract Some studies of infants with acute respiratory dis-
tress have demonstrated that neurally adjusted ventilator assist
(NAVA) had better short-term results compared to non-
triggered or other triggered models. We determined if very
prematurely born infants with evolving or established
bronchopulmonary dysplasia (BPD) had a lower oxygenation
index (OI) on NAVA compared to assist control ventilation
(ACV). Infants were studied for 1 h each on each mode. At
the end of each hour, blood gas analysis was performed and
the OI calculated. The inspired oxygen concentration (FiO2),

the peak inflation (PIP) and mean airway pressures (MAP)
and compliance were averaged from the last 5 min on each
mode. Nine infants, median gestational age of 25 (range 22–
27) weeks, were studied at a median postnatal age of 20 (range
8–84) days. The mean OI after 1 h on NAVA was 7.9 com-
pared to 11.1 on ACV (p = 0.0007). The FiO2 (0.36 versus
0.45, p = 0.007), PIP (16.7 versus 20.1 cm H2O, p = 0.017)
and MAP (9.2 versus 10.5 cm H2O, p = 0.004) were lower on
NAVA. Compliance was higher on NAVA (0.62 versus
0.50 ml/cmH2O/kg, p = 0.005).

Conclusion: NAVA compared to ACV improved oxygena-
tion in prematurely born infants with evolving or established
BPD.

What is Known:
• Neurally assist ventilator adjust (NAVA) uses the electrical activity of
the diaphragm to servo control the applied pressure.

• In infants with acute RDS, use of NAVAwas associated with lower peak
inflation pressures and higher tidal volumes.

What is New:
• This study uniquely reports infants with evolving or established BPD,
and their results were compared on 1 h each of NAVA and assist
controlled ventilation.

• On NAVA, infants had superior (lower) oxygen indices, lower inspired
oxygen concentrations and peak and mean airway pressures and higher
compliance.
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ACV Assist control ventilation
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Edi Electrical activity of the diaphragm
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FiO2 Inspired oxygen concentration
MAP Mean airway pressures
NAVA Neurally assist ventilator adjust
OI Oxygenation index
PEEP Positive end expiratory pressure
PIP Peak inflation pressure
RDS Respiratory distress syndrome

Introduction

Whilst the survival of babies born very prematurely has im-
proved, many will develop bronchopulmonary dysplasia
(BPD) and chronic respiratory morbidity. New modes of ven-
tilation have been developed with the aim of reducing lung
injury and improving respiratory outcomes. One such mode is
neurally adjusted ventilatory assist (NAVA). NAVA uses the
electrical activity of the diaphragm (Edi), captured by a
specialised nasogastric tube with an array of electrodes (the
Edi catheter), to servo control the applied ventilator pressure.
The Edi is used both to trigger each inflation and also to
determine the level of support proportional to the infant’s neu-
ral drive to breathe throughout each inflation [11]. Inflations
are off-cycled when the Edi falls by a prespecified amount.
The clinician sets the NAVA level or gain factor by which the
Edi signal at each point in time is Btranslated^ into airway
pressure provided. The change in electrical activity of the
diaphragm that triggers inflation is earlier in the respiratory
cycle than the change in flow which is used in other trigger
modes; hence, the trigger delay is shorter on NAVA [4]. Edi
may be a more accurate method to detect the infant’s inspira-
tory efforts and hence, there would be less ineffective or
wasted effort and auto or double triggering.

In infants with acute respiratory distress, in randomised and
non-randomised crossover studies, NAVA has been shown to
have superior results compared to non-triggered and other
triggered modes, but only with regard to pressure levels and
lung function. Studies have not addressed clinically important
outcomes such as the length of intubation or mortality. In a
randomised crossover study of 4-h periods comparing
synchronised intermittent mandatory ventilation (SIMV) with
pressure support, NAVA was shown to have a lower peak
airway pressure in preterm infants born between 24 and
36 weeks [8]. In a non-randomised study, five premature in-
fants with a mean gestational age of 26 weeks were studied at
a median postnatal age of 7 days [13]. They were ventilated
for consecutive 4-h periods on NAVA followed by pressure
controlled ventilation, and the sequence was repeated three
times. The peak inflation pressure (PIP) was lower and the
tidal volumes and compliance were higher on NAVA [13]. A
non-randomised, crossover study of two 12h periods of
pressure-regulated volume control ventilation followed by
NAVAwas performed on 19 infants with a median gestational

age of 31.8 weeks. NAVA resulted in lower peak inspiratory
pressures and the tidal volumes of the infants were lower on
NAVA [9]. In addition, on NAVA, the asynchrony index was
lower and there were no neural apnoeas. [9].

Infants with evolving or established bronchopulmonary
dysplasia (BPD) have a high resistance of the respiratory sys-
tem which means flow triggering can be challenging. During
NAVA, flow triggering is not used [4]. Previous studies have
assessed infants with acute respiratory distress who have very
different lung function to those with evolving or established
BPD. Hence, it cannot be assumed that similar results from
those with acute respiratory distress would be achieved in
those with established or evolving BPD. Hence, the aim of
our study was to uniquely test the hypothesis that NAVA com-
pared to assist control ventilation (ACV) would result in a
lower OI in infants with evolving or established BPD.

Methods

The study was undertaken at King’s College Hospital NHS
Foundation Trust between December 2015 and June 2016.
Infants were eligible for this randomised, crossover study if
they were born at less than 32 weeks of gestation and
remained ventilated at 1 week of age on assist control venti-
lation (ACV). Eligible infants were identified on a daily basis
by a researcher by discussion with the clinical team. A local
audit of 100 consecutive infants born at less than 32 weeks of
gestation had demonstrated 95% of those who remained ven-
tilator dependent at 1 week of age developed BPD, that is
oxygen dependency beyond 28 days. Those with major con-
genital abnormalities (that is requiring surgical correction) or
receiving neuromuscular blockade were excluded. All infants
were clinically stable with assessed. The study was approved
by the West Midlands - Solihull Research Ethics Committee.
Written, informed parental consent was obtained.

Infants at King’s College Hospital NHS Foundation Trust
are routinely supported by the SLE 5000 (software versions
4.3; SLE Ltd., South Croydon, UK). All infants were venti-
lated with Coles shouldered endotracheal tubes which have
been shown to have minimal or no leaks [7]. Volume targeting
was not used. On entry into the study, the infants were trans-
ferred from ACVon the SLE 5000 to ACV (named ‘Pressure
Control’ on the Servo-n ventilator, Maquet Critical Care,
Solna, Sweden). The same ventilator settings and backup rate
were used. In particular, the positive end expiratory pressure
(PEEP) was kept at 4–5 cm H2O as had been used prior to the
study and the inflation time was set, as previously, at 0.36 to
0.4 s. The apnoea time was set to 2 s and the upper pressure
limit at least 5 cm H2O higher than the baseline settings, but
did not exceed 30 cm H2O. A six French Edi catheter was
inserted and correct positioning confirmed as per the instruc-
tions of the manufacturer using the Edi catheter positioning
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guide function on the ventilator (Magnet Servo-n User
Manual Version 1.1). The guide function displays the
retrocardiac echocardiograph. Correct positioning was when
the P waves and QRS complexes were visible in the upper-
most leads and then decreased in size until the P waves dis-
appeared in the lowest lead. Coloured highlighting of the cen-
tral two leads appeared once the catheter was in the correct
place. Once correct positioning was confirmed, the catheter
was securely attached to the infant’s face using an adhesive
dressing. After 1 h of stabilisation on the Servo-n ventilator
using the settings described above, blood gas analysis was
performed. Infants were then randomised to receive either
ACVor NAVA first for 1 h and then to receive the alternative
mode for a subsequent hour. The order in which the infants
received the two modes was randomised between each baby
using a sequential opaque sealed envelope system. Before the
infant was changed to NAVA mode, the NAVA level was
adjusted so that the displayed pressure waveform on NAVA
closely matched the actual pressure waveform on the baseline
settings, aiming for the peak Edi to be between 5 and 15 μVas
per the recommendations of the manufacturer. The baseline
ventilator settings were used to determine the backup settings
to be used on NAVA in the absence of an Edi signal.

The initial ventilator settings were noted, and the number
and duration of desaturations (defined as oxygen saturation
less than 88%) were noted on each ventilator mode. The
FiO2 was adjusted with the aim of maintaining oxygen satu-
rations between 92 and 96%.At the end of each hour, capillary
blood gas analysis was performed and the oxygenation index
(OI) calculated as the inspired oxygen concentration (FiO2) x
mean airway pressure (MAP) × 100/pO2. The FiO2, the PIP,
MAP, tidal volume and respiratory system compliance (calcu-
lated from the tidal volume divided by the PIP) were recorded
from the ventilator displays and averaged from the last 5 min
of each 1-h period. The data were down-loaded into excel via
a USB stick.

Sample size

The planned sample size was 18 infants, as this would allow
detection of a difference in oxygenation index between the
two modes of one standard deviation, with 80% power and
5% significance. An interim analysis was planned to take
place half way through, i.e. after nine patients, as our studies
with proportional assist ventilation (PAV), a ventilation mode
which also provides tailored support throughout the infant’s
inspiratory cycle, demonstrated the OI on PAV was better in
all patients than on ACV [2, 12]. In order to preserve the type I
error at 5%, the interim analysis was conducted at 0.01 with
the final analysis conducted using 0.04. This gave an overall
type 1 error rate (significance level) of 5% [(1–0.01) × (1–
0.04) = 0.95 = 1–0.05]. If the interim analysis showed

p < 0.01, then the trial was to stop and the final analyses
conducted using the nine patients treated to that point.

Analysis

The results were positively skewed and, therefore, log-
transformed for analysis so that a paired t test could be used.
Using thatmethod, the results including themean and confidence
intervals are on the ratio scale [3]. Results were back-transformed
to give geometric means for each mode of ventilation. The ratio
of geometric means and the corresponding 95% confidence in-
tervals for the ratio are presented. The ratio of the geometric
means can be interpreted as the percentage difference between
a result on NAVA compared to on ACV. The desaturation data
were discrete and analysed using the Wilcoxon signed-rank test.
Data were analysed using Stata v 14.

Results

At the interim analysis, the comparison of the OI on NAVA
versus ACV was statistically significant using the modified
cut-off for significance described above. The OI was lower
on NAVA for all infants (Table 1). Hence, the clinical and
statistics team agreed that the trial be stopped at that point
and the data analysed.

Nine infants had been assessed, seven males and two fe-
males. Their median gestational age was 25 (range 22–27)
weeks and median birthweight 750 (range 545–830)
grammes. The infants were studied at a median postnatal age
of 20 (range 8–84) days. All had received at least one dose of
antenatal steroids and postnatal surfactant and were on caf-
feine at the time of the study. Only one infant was receiving
sedation and this was at the same dose throughout the study.
Five of the infants were studied first on NAVA and four on
ACV. There was no suggestion that the size of difference in OI
was greater with order (i.e. with either ACV then NAVA or

Table 1 Individual baseline PIP and FiO2 at the start of the study and
individual OI data at the end of each mode. The mode which was used
first in each infant is given in the fifth column

PIP (cm H2O) FiO2 ACV NAVA Mode first

27 1 30.3 17.4 ACV

16 0.44 9.2 8 NAVA

18 0.63 7.6 5.7 NAVA

18 0.27 6.7 4.6 ACV

24 0.87 26.8 16.0 ACV

19 0.41 7.4 6.6 NAVA

19 0.7 24.1 13.4 NAVA

18 0.45 6.4 5.4 NAVA

23 0.4 5.7 4.5 ACV
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NAVA then ACV). Neither was there any suggestion that the
order (by chance) was related to the size of value, i.e. no
suggestion that all those with a high starting OI received the
modalities in the same order (p = 0.66).

The ratio of the geometric means for the OI, the primary
outcome, was 0.72 (NAVA/ACV), showing that the mean OI
was 28% lower onNAVA compared to ACVwith correspond-
ing 95% CIs from 62 to 83% (Table 1). Infants who had the
highest OIs on ACV tended to have a larger reduction in OI
when studied on NAVA (Table 1). The mean PIP (p = 0.017)
and mean MAP (p = 0.004) were significantly lower on
NAVA, as was the mean FiO2 (p = 0.007). The mean compli-
ance (p = 0.005) and oxygen saturation (p = 0.016) were
significantly higher on NAVA. The means for the tidal vol-
ume, respiratory rate and peak Edi and the number of
desaturations were not significantly different between the
two modes (Table 2).

Discussion

We have demonstrated that in infants born very prematurely
and with evolving or established BPD, NAVA compared to
ACV resulted in a significantly lower oxygenation index. This
was associatedwith significantly lower PIPs andMAPs, likely
reflecting that during NAVA the applied pressure is servo-
controlled throughout each inflation. On ACV, although infla-
tion is triggered by the beginning of the infant’s inspiratory
effort, the start of inflation may have been delayed as a flow
trigger was used. Furthermore, after the inflation is triggered
during ACV, neither the inflation pressure nor time is tailored
to the infant’s inspiratory efforts. The higher compliance on
NAVA compared to ACV reflects the lower PIPs with similar
tidal volumes. A higher compliance on NAVA has been pre-
viously reported in neonatal and paediatric patients [1, 5, 6].
Our results suggest that infants with the highest OIs, i.e. the
most severe lung disease, had the greatest reduction in OI

during NAVA. This may reflect, as above, the shorter trigger
delay on NAVA which means more of the infant’s breath is
pressure supported.

There are strengths and some limitations to our study. As
the same ventilator was used for each mode, the significant
differences demonstrated are due to the differences in the
modes, rather than differences in the ventilator performance.
Although infants were only studied for an hour on each mode,
we have demonstrated significant differences between the two
modes. The infants included had a wide range of severity of
respiratory disease as suggested by their PIP and FiO2, yet we
saw a positive effect of NAVA in all infants. The infants had
also had a wide range of postnatal ages, but we have shown in
an audit of 100 consecutive prematurely born infants, 95% of
those who remained ventilator dependent at 1 week developed
BPD. Thus, we feel our results demonstrate that compared to
ACV, NAVA use was associated with superior results in in-
fants with evolving or established BPD. We used capillary
blood samples to calculate the OIs. We used this method at
the end of each of the two periods in all infants, thus the use of
capillary blood sampling did not bias our results. The infants
were all clinically stable when assessed and none were seri-
ously ill, had shock, hypotension or peripheral vasoconstric-
tion at the time of assessment [10]. Thus, we feel it was ap-
propriate to calculate the OIs from the capillary blood sam-
ples. Only one infant was receiving sedation and this was at
the same dose throughout the study, so this did not influence
the results. We used a crossover design as this removes the
variability between patients by looking at effects within them.
As we have demonstrated no order effect, the design gives
more precision. We stopped the trial at the planned interim
analysis as in all infants the OI was lower on NAVA. We did
not demonstrate a significant difference in the peak Edi be-
tween the two modes, although there was a trend for it to be
lower on NAVA. This may have been due to insufficient re-
distribution of work from the patient to the ventilator, as the
NAVA level was only adjusted so that the estimated pressure

Table 2 Results by ventilatory mode. The results are presented as the geometric mean (range) for eachmode, the ratio of geometric means between the
two modes and the corresponding 95% CI

Mean ACV Mean NAVA Ratio of geometric
means (NAVA/ACV)

95% confidence
interval for ratio

P value

OI 11.06 (5.7–30.3) 7.92 (4.7–17.4) 0.72 0.62–0.83 0.0007
Peak airway pressure (cmH2O) 20.13 (14.8–27.1) 16.72 (12.7–28.6) 0.83 0.72–0.96 0.017
Mean airway pressure) (cmH2O) 10.53 (8.8–14.2) 9.20 (7.8–12.7) 0.87 0.81–0.94 0.004
FiO2 0.45 (29.2–91.0) 0.36 (23–54.9) 0.81 (0.71–0.93) 0.007
Peak Edi (μV) 14.04 (6.1–47.0) 11.10 (7.4–22.0) 0.79 0.60–1.05 0.089
Expiratory tidal volume (ml/kg) 7.06 (5.1–8.6) 6.24 (3.9–10) 0.88 0.76–1.02 0.87
Compliance (mls/cmH2O/kg) 0.50 (0.30–0.68) 0.62 (0.34–0.91) 1.24 1.09–1.41 0.005
Respiratory rate (breaths/min) 51.63 (40–65) 50.51 (38–67) 0.98 0.89–1.08 0.616
Oxygen saturation (%) 94.8 (90–98) 97.9 (95–100) 1.03 1.01 = 1.05 0.016
Desaturationsa (n) 3 (0–12) 1 (0–5) N/A N/A 0.70

aMedians presented as the data were discrete and assessed using the Wilcoxon signed-rank test; hence, the ratio and 95% CI were not available
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waveform closely matched the pressure waveform on the
baseline settings.

We have previously demonstrated that proportional assist
ventilation (PAV), when compared to ACV, resulted in im-
proved oxygenation [2, 12] and a reduced work of breathing
[2] in infants with evolving or established bronchopulmonary
dysplasia. Both PAVand NAVA provide support in proportion
to the respiratory effort throughout each breath. Our results
suggest that such modes are superior to ACV. As yet, there are
no randomised controlled trials with long-term outcomes
assessing either NAVA or PAV and therefore, any potential
long term benefit remains unknown.

In conclusion, we have demonstrated in a randomised
crossover study that NAVA, compared to ACV, resulted in
improved (lower) oxygenation index and this was associated
with lower peak and mean airway pressures.
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