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Abstract Neurally adjusted ventilatory assist (NAVA) im-
proves patient-ventilator synchrony during invasive venti-
lation and leads to lower peak inspiratory pressures (PIP)
and oxygen requirements. The aim of this trial was to
compare NAVA with current standard ventilation in pre-
term infants in terms of the duration of invasive ventila-
tion. Sixty infants born between 28 + 0 and 36 + 6 weeks

of gestation and requiring invasive ventilation due to neo-
natal respiratory distress syndrome (RDS) were random-
ized to conventional ventilation or NAVA. The median
durations of invasive ventilation were 34.7 h (quartiles
22.8–67.9 h) and 25.8 h (15.6–52.1 h) in the NAVA and
control groups, respectively (P = 0.21). Lower PIPs were
achieved with NAVA (P = 0.02), and the rapid reduction
in PIP after changing the ventilation mode to NAVA made
following the predetermined extubation criteria challeng-
ing. The other ventilatory and vital parameters did not
differ between the groups. Frequent apneas and persistent
pulmonary hypertension were conditions that limited the
use of NAVA in 17 % of the patients randomized to the
NAVA group. Similar cumulative doses of opiates were
used in both groups (P = 0.71).

Conclusions: NAVA was a safe and feasible ventilation
mode for the majority of preterm infants suffering from
RDS, but the traditional extubation criteria were not clinically
applicable during NAVA.

What is known:
• NAVA improves patient-ventilator synchrony during invasive
ventilation.

• Lower airway pressures and oxygen requirements are achieved with
NAVA during invasive ventilation in preterm infants by comparison with
conventional ventilation.

What is new:
• Infants suffering fromPPHN did not tolerate NAVA in the acute phase of
their illness.

• The traditional extubation criteria relying on inspiratory pressures and
spontaneous breathing efforts were not clinically applicable during
NAVA.
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Abbreviations
ABG Arterial blood gas
BPD Bronchopulmonary dysplasia
Edi Electrical activity of the diaphragm
GA Gestational age
HFOV High-frequency oscillatory ventilation
IUGR Intrauterine growth retardation
LMM Linear mixed model
MAP Mean airway pressure
MED Morphine equivalent dose
NAVA Neurally adjusted ventilatory assist
NICU Neonatal intensive care unit
NIV Non-invasive ventilation
OI Oxygenation index
PC Pressure-controlled ventilation
PEEP Positive end-expiratory pressure
PIP Peak inspiratory pressure
PPHN Persistent pulmonary hypertension of the newborn
RDS Respiratory distress syndrome
TV Tidal volume

Introduction

Respiratory distress syndrome (RDS), caused by lung imma-
turity and surfactant deficiency, is the leading cause of neona-
tal morbidity in preterm infants. Despite an increasing desire
to use non-invasive ventilatory support, RDS still remains the
main reason for invasive ventilation in neonates [12, 15, 19,
28]. Although mechanical ventilation is often life-saving, it
carries the risk of causing additional lung injury and plays a
role in the progression of bronchopulmonary dysplasia (BPD)
in markedly preterm infants [13].

The risk of ventilator-induced lung injury may be reduced
by using small tidal volumes, ensuring an adequate level of
positive end-expiratory pressure (PEEP) and synchronizing
the support with the patient’s spontaneous breaths [5, 22,
27]. Small tidal volumes, high breathing frequency, and the
use of uncuffed intubation tubes causing an air leak from the
circuit pose challenges for optimizing ventilation in a neonatal
population. Consequently, pneumatic triggers are suboptimal
in this group of patients [5]. Neurally adjusted ventilatory
assist (NAVA) provides ventilatory support proportional to
the electrical activity of the patient’s diaphragm (Edi) and
enables physiological variations in both tidal volume and in-
spiratory time [23]. NAVA has been shown to reduce the work
of breathing and improve patient-ventilator synchrony in ne-
onates, resulting in lower peak inspiratory pressures (PIP) and
oxygen requirements than with conventional ventilation [2,
16, 24, 25]. NAVA is increasingly being used in neonatal
intensive care units, but data concerning its impact on clinical
outcomes in preterm population are sparse [1].

The aim of this trial was to compare NAVAwith the current
standard ventilation in preterm infants born between 28 + 0
and 36 + 6 weeks of gestation and requiring invasive ventila-
tion due to RDS. We hypothesized that the use of NAVA
ventilation would reduce the duration of mechanical
ventilation.

Materials and methods

All preterm infants born at Oulu University Hospital between
28 + 0 and 36 + 6 weeks of gestation, who required invasive
ventilation for at least 4 h due to RDS, were eligible for this
trial. Neonates with a known defect of the diaphragm and
those who were unable to receive a nasogastric or orogastric
tube due to congenital anomalies were excluded, as were pa-
tients suffering from severe perinatal asphyxia (pH <7.0 or
signs of hypoxic-ischemic encephalopathy) or known chro-
mosomal abnormalities.Written informed consent was obtain-
ed from a parent or legal guardian before performing any
procedures related to this trial. The patients were enrolled at
the neonatal (NICU) and pediatric intensive care units (PICU)
of Oulu University Hospital, Finland, from July 2010 to
May 2013. The ClinicalTrials.gov. Identifier for this study is
NCT01156467.

The sample size was calculated based on the Finnish
National Institute for Health andWelfare database information
concerning the duration of invasive ventilation among preterm
infants. The mean duration of invasive ventilation among in-
fants born at 32 + 0weeks during the years 2005 and 2006was
38.4 h, with a standard deviation (SD) of 15.6 h. We consid-
ered a reduction of 12 h clinically significant. With α = 0.05
and a power of 0.8, the calculated sample size was 54 (27
patients/group). To ensure this number in the final analysis,
60 patients were recruited. A stratified randomization was
used to evenly allocate neonates below and above 32 weeks
of gestation to the NAVA and control groups for invasive
ventilation. A computerized random number generator was
used for randomization and each group code was sealed in
an opaque envelope that was opened after written informed
consent had been received. The protocol was approved by the
Research Ethics Committee of the Northern Ostrobothnia
Health Care District.

Detailed patient characteristics are shown in Table 1.
All the patients were invasively ventilated using a Servo-i
ventilator, versions 4.0 to 6.1 (Maquet Nordic, Solna,
Sweden). An Edi catheter was inserted for the patients
randomized to the NAVA group as soon as the procedures
required on arrival (intravenous and intra-arterial lines,
thorax x-ray, surfactant treatment if not given in the de-
livery room) had been performed and a stable clinical
condition had been achieved so that changing a nasogas-
tr ic tube was not expected to cause signif icant

1176 Eur J Pediatr (2016) 175:1175–1183



deterioration in hemodynamics or oxygenation. Adequate
size of the Edi catheter (6 Fr 49 cm, 6 Fr 50 cm or 8 Fr
100 cm) was chosen in accordance with patient weight
and the correct position was checked as instructed by
the manufacturer. The ventilation mode was changed to
NAVA when a continuous Edi signal was obtained and the
patient was hemodynamically stable. The NAVA level
was estimated to reach the same peak inspiratory pressure
(PIP) as in the previous ventilation mode and was adjust-
ed during NAVA ventilation to aim at a peak Edi between
5 and 15 μVs. The control group received patient-
triggered time-cycled pressure-limited ventilation (PC)
following the current treatment practices in the NICU,

aiming at small tidal volumes (4–6 ml/kg) and support
for spontaneous breaths by optimizing the preset frequen-
cy to allow patient triggering. The patients who required
high-frequency oscillatory ventilation (HFOV) were ven-
tilated according to the protocol for this trial only in the
weaning phase of the treatment. It was the clinician re-
sponsible for the treatment who made the final decision
regarding the ventilation mode to be used in each situa-
tion. The extubation criteria, determined following the
current clinical practice in the unit, were as follows: (1)
fraction of inspired oxygen less than 0.4; (2) PIP ≤ 16
cmH2O; and (3) an adequate spontaneous breathing drive,
i.e., sufficient frequency and tidal volumes despite

Table 1 Patient characteristics
NAVA Control

N 29 31

Singletons n (%) 17 (58.6) 22 (71.0)

Twins n (%) 12 (41.4) 9 (29.0)

Twin/triplet A n 7 3

Twin/triplet B n 4 6

Triplet C n 1 0

Gestational age (weeks) Mean (SD) 31.7 (2.8) 31.6 (2.5)

Birth weight (g) Mean (SD) 1706 (796) 1764 (782)

Male gender n (%) 15 (51.7) 15 (48.4)

Apgar score (5 min) Median
[Range]

7 [1; 9] 6 [1; 9]

Prenatal steroid use n (%) 22 (75.9) 20 (64.5)

PROM >12 h n (%) 6 (20.7) 8 (25.8)

Age at intubation (hours) Median
[Range]

5.8 [0.02;
30.5]

0.2 [0.03;
42.2]

Age at enrolment (hours) Median
[Range]

9.3 [2.3; 49.0] 6.6 [2.5; 54.0]

Duration of invasive ventilation prior to enrolment
(hours)

Median
[Range]

6.5 [1.2; 30.0] 6.0 [2.1; 30.3]

Ventilation mode prior to enrolment

PC n (%) 26 (89.7) 29 (93.5)

PRVC n (%) 0 1 (3.2)

HFOV + PC n (%) 3 (10.3) 1 (3.2)

Severity of RDSa

Grade I n (%) 2 (6.9) 3 (9.7)

Grade II n (%) 11 (37.9) 14 (45.2)

Grade III n (%) 8 (27.6) 10 (32.3)

Grade IV n (%) 7 (24.1) 3 (9.7)

Grade V n (%) 1 (3.4) 1 (3.2)

Other conditions prior to enrolment

Infection n (%) 2 (6.9) 3 (9.7)

Air leak n (%) 3 (10.3) 1 (3.2)

PPHN n (%) 3 (10.3) 0

PROM premature rupture of membranes, PC pressure-controlled ventilation, PRVC pressure-regulated volume-
controlled ventilation, HFOV high-frequency oscillatory ventilation, RDS respiratory distress syndrome, PPHN
persistent pulmonary hypertension of a neonate
a The highest grade prior to enrolment
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reduction in the level of support. Non-invasive respiratory
support was used after extubation when relevant, i.e., na-
sal continuous positive airway pressure or bilevel positive
airway pressure for the patients in the control group and
non-invasive NAVA (NIV NAVA) for the patients in the
NAVA group.

Analgesics and sedative agents were administered to
both groups following the routine practice in the NICU.
Intravenous paracetamol with a 20 mg/kg loading dose
followed by 7.5 mg/kg every 6 h was used as the primary
analgesic agent [9]. The need for opiates and sedative
agents were assessed on a clinical basis together with
use of the Neonatal Infant Acute Pain Assessment Scale
(NIAPAS), which was under validation and had been in-
troduced for routine use in our intensive care units at time
of the trial [21].

The primary end point was the duration of invasive venti-
lation, while the secondary end points were the length of stay
in the NICU, the amount of sedative agent, ventilatory param-
eters (oxygenation index [OI], tidal volume [TV], airway pres-
sures and breathing frequency), vital parameters (heart rate,
blood pressure and oxygen saturation), arterial blood gas
(ABG) values, treatment complications (pneumonia, atelecta-
sis, air leak, and reintubation within 24 h), clinical outcome
measures, the duration of non-invasive respiratory support,
and success in enteral feeding. Data collection was started as
soon as written informed consent had been obtained from a
parent or legal guardian and the patient’s condition allowed
insertion of the Edi catheter. The parameters were recorded at
the start, after 30 min (all except ABG analysis), 1 h, 3 h, and
6 h, every 6 h thereafter until extubation, and 1 h after
extubation. The amount of sedative agent and surfactant doses
were recorded from the Centricity Critical Care Clinisoft

monitoring database and a special data collection sheet was
used for the other parameters. Ventilator parameters were col-
lected directly from the ventilator screen and from the trend
curves (averaged over 1 min) in cases of high variability from
breath to breath (PIP, Edi min and max).

The severity of RDS was graded from thorax x-rays taken
prior to inclusion in the trial, following the criteria described
by Edwards et al. [7], and all the x-rays and head ultrasound
scans taken during the trial were analyzed for treatment com-
plications. The pediatric radiologist assessing these findings
(MS-P) was blind with respect to the two groups. An oxygen
reduction test was performed on all the infants requiring sup-
plemental oxygen at 36 weeks of post-conceptional age in
order to diagnose possible bronchopulmonary dysplasia
(BPD) [30].

The data were analyzed on an intention-to-treat basis.
Kaplan-Meier survival curves were plotted for the time on
the ventilator and the length of stay in the NICU, and the
log-rank test was used to evaluate distributions between the
groups. A linear mixed model (LMM) with random inter-
cept and a first-order autoregressive (AR1) covariance
structure for repeated measurements was used to evaluate
the ventilatory and vital parameter levels over time between
the NAVA and control groups [4]. Repeated measurements
were nested within subjects. Group-by-time interaction was
used to test differences between the groups at each point in
time. The differences between proportions were tested
using the binomial Standardized Normal Deviate (SND)
test for two groups and a chi-square test for more than
two groups. Differences between means were compared
using Student’s t test. The data analyses were performed
with IBM SPSS Statistics version 22 and StatsDirect statis-
tical software version 2.7.9.

a b

Fig. 1 Durations of invasive ventilation and length of stay in the NICU. a
The median durations of invasive ventilation for infants born between
28 + 0 and 31 + 6 weeks of gestation were 52.5 and 26.9 h in the
NAVA and control groups, respectively (log rank P = 0.31), and those
for infants born between 32 + 0 and 36 + 6 weeks 34.7 h in the NAVA
group and 23.3 h in the controls (P = 0.35). b The length of stay in the

NICU is more dependent on other prematurity-related conditions than on
the requirement for invasive ventilation, as seen from the Kaplan-Meier
curves plotted separately for infants born before and after 32 weeks of
gestation. The length of stay did not differ between the NAVA and control
groups (log rank P = 0.18 for infants <32 weeks and 0.45 for infants
≥32 weeks of gestation)
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Results

The median duration of invasive ventilation was 34.7 h (quar-
tiles 22.8–67.9 h) in the NAVA group and 25.8 h (15.6–52.1 h)
in the control group,P = 0.21. Themedian length of stay in the
NICU was 18 (9–36) days and 13 (8–31) days in the NAVA
and control groups, respectively (P = 0.36). Treatment times
were similar in the two groups even after splitting the data
according to gestation weeks (Fig. 1). The Edi catheter was
easy to insert in all 29 neonates randomized into the NAVA
group. NAVA could be started immediately after insertion of
the Edi catheter in 24 cases (83 %), and 21 of these (72 %)
were successfully ventilated with NAVA until extubation,
without any periods of conventional ventilation after starting
NAVA. The time on NAVAvaried from 0.2 to 108 h, account-
ing for 79 ± 33 % of the invasive ventilation provided after
inclusion in the trial and 60 ± 26 % of the total duration of
invasive ventilation. Ventilation modes and NAVA parameters
(Edi min, Edi max, and NAVA level) for the NAVA patients at
each data collection point are presented in Fig. 2.

Frequent apnea was the most common reason for NAVA
proving unsuccessful immediately after insertion of the Edi-
catheter (n = 3) or switching back to the conventional venti-
lation mode after starting NAVA (n = 2). Low Edi activity,
even during hypercapnic episodes, was observed in one pa-
tient who later was diagnosed with a mitochondrial disease.
Three patients in the NAVA group required HFOVafter inclu-
sion in the trial but were successfully ventilated with NAVA
after recovery from PPHN.

The patients in the NAVA group had lower PIPs than those
in the control group (P = 0.02), but none of the other ventila-
tory parameters (PEEP, mean airway pressure [MAP], TV,
breathing frequency or OI) differed between the groups
(Fig. 3). The first PIP recorded during NAVA was below the
predetermined extubation pressure, i.e., 16 cmH2O, in 20 pa-
tients (69 %), ranging from 7 to 22 cmH2O (mean 13.7
cmH2O). Four patients in the control group (13 %) were
extubated at PIP levels higher than 16 cmH2O. The ABGs
and vital parameters were similar in both groups.

Paracetamol, administered intravenously in 97 % of cases,
was used as the primary analgesic agent for all the patients.
Opiates were used for analgesia and sedation in 34 patients
altogether (57 %), and after commencement of the trial, in 15
(52 %) of the NAVA patients and 13 (42 %) of those in the
control group (P = 0.45). The amount of opiates did not differ
between the groups (Table 2). Other sedatives (phenobarbital,
midazolam or lorazepam) were administered to 4 patients in
the NAVA group and 3 in the control group (P = 0.47).

The number of treatment complications did not differ be-
tween the groups (Table 3). There were no deaths in either
group. Two patients in each group suffered late-onset sepsis
during their stay in the NICU, and 4 altogether were diag-
nosed with BPD at 36 weeks of gestation, three of whomwere

in the NAVA group. The mean duration of non-invasive respi-
ratory support after extubation was 2.3 (sd 1.9) days for the
NAVA patients and 2.0 (1.6) days in the control group
(P = 0.54). One of the control patients was treated with NIV
NAVA after an accidental extubation, thereby avoiding
reintubation. Reintubation was required once due to pneumo-
thorax drainage in a patient in the NAVA group 24.5 h after
extubation. Enteral nutrition, 100 ml/kg, was achieved at
6.1 (3.5) days in the NAVA group and 5.7 (3.2) days in the
control group (P = 0.65).

Discussion

We found NAVA to be a safe and feasible ventilation mode for
the majority of preterm infants born between 28 + 0 and 36 +

Fig. 2 Implementation of invasive ventilation in the NAVA group. a
Ventilation modes used in the NAVA group. b Strength of the Edi signal
(upper panel) and level of support, i.e., NAVA level (lower panel) at each
time point in patients successfully ventilated with NAVA. Mean ± SD is
presented
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6 weeks of gestation and suffering from RDS. The Edi cath-
eters were easy to insert and an active Edi signal was found
immediately in virtually all the patients. Most of the patients
were successfully ventilated with NAVA soon after insertion
of the Edi catheter, and this continued until the moment of
extubation. Lower peak inspiratory pressures were achieved

with NAVA, but it did not reduce the duration of invasive
ventilation or the length of our patients’ stay in the NICU.

NAVA has been shown to improve patient-ventilator syn-
chrony and to lead to lower airway pressures in all patient
groups, including preterm infants [2, 16, 20, 24, 25, 29]. The
patient is in control of both inspiratory time and tidal volume

Fig. 3 Ventilatory parameters in the NAVA and control groups during the
trial. Lower peak inspiratory pressures (a) were found in the NAVA group
(P = 0.02). Breathing frequency (b), tidal volume (c) and oxygenation
index (d) did not differ between the groups (P = 0.08, 0.33, and 0.58,

respectively). The numbers of patients in the groups at each time point are
shown in panel (b) (control/NAVA). Estimated marginal means with
standard errors are presented at each point in time

Table 2 Morphine equivalent
doses of opiates used during
invasive ventilation

NAVA Control P value**

Number of patients who received opiates n 16* 17

Opiate dose prior to enrolment (mg/kg) Mean (SD) 0.11 (0.11) 0.12 (0.17) 0.84

Opiate dose after enrolment (mg/kg) Mean (SD) 0.19 (0.16) 0.15 (0.15) 0.44

Cumulative opiate dose (mg/kg) Mean (SD) 0.31 (0.21) 0.28 (0.26) 0.71

GA <32 weeks n 8 9

Opiate dose prior to enrolment (mg/kg) Mean (SD) 0.04 (0.08) 0.08 (0.15) 0.54

Opiate dose after enrolment (mg/kg) Mean (SD) 0.24 (0.13) 0.15 (0.13) 0.17

Cumulative opiate dose (mg/kg) Mean (SD) 0.28 (0.18) 0.23 (0.20) 0.57

*One patient required opiate infusion during high frequency oscillatory ventilation and was excluded from the
comparison between the groups. If this patient were included, the cumulative opiate dose for NAVA patients
would be 1.04 mg/kg (SD 3.04), P = 0.31
** Independent samples t-test
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during NAVA, while a fixed inspiratory time during PC inev-
itably leads to some extent of asynchrony on a spontaneously
breathing individual. Our results are in line with previous
findings, as the patients in the NAVA group had equal tidal
volumes but lower airway pressures than those in the control
group. We believe that reduction in PIP during NAVA is a
result of improved synchrony, i.e., perfect timing of positive
inspiratory pressure generated by the ventilator to negative
pleural pressure created by patient effort, leading to adequate
transpulmonary pressure even with low PIP. This might ex-
plain why two thirds of our NAVA patients fulfilled the
predetermined extubation criteria at the first data collection
after switching to this ventilation mode, even though the clin-
ical and radiological findings on enrolment for the trial led us
to expect that these patients would require several hours of
invasive ventilation and possibly additional doses of
surfactant.

Patient comfort, together with low airway pressures
during NAVA, was probably the reason why extubations
were so easily delayed in the NAVA group. The
extubation criteria were not strictly followed by the clini-
cians on call during the night shift, and it seems that the
tiny patients were not disturbed when peacefully asleep,
even though they fulfilled the criteria. On the other hand,
some control group patients were extubated, mainly due
to hyperventilation, prior to fulfilling the predetermined
criteria. Obviously, hyperventilation never becomes a
problem with NAVA, and it seems that extubation criteria

based solely on airway pressures and spontaneous breath-
ing efforts are not clinically applicable during NAVA.
More research and further experience with NAVA would
be required to establish adequate criteria for future trials
and clinical use.

For a certain proportion of the NAVA patients (17 %),
NAVA could only be used after several hours or days of con-
ventional ventilation or HFOV. Apnea of prematurity limited
its use in the early stages of the trial, since the shortest possible
apnea time in the first NAVA software version was 5 s. Shorter
apnea time limit (2 s), which readily responds to patients’
demands, is now available and should be used for very pre-
term infants in risk of having prolonged apneic events. Three
patients had PPHN associated with severe RDS and attempts
to use NAVA in two of these cases led to deterioration in
oxygenation and hemodynamics. The Hering-Breuer defla-
tion reflex might be expected to help in optimizing lung vol-
ume and to improve oxygenation during NAVA, but in these
cases, it seemed that strong spontaneous breathing efforts ex-
acerbated pulmonary hypertension and NAVA could safely be
used only in the weaning phase of treatment [3, 8, 10, 23].

Our population consisted of invasively ventilated preterm
infants, 50 % of whom required at least two doses of surfac-
tant. Patient selection led to a 7 % incidence of BPD, despite
the fact that infants born at less than 28 weeks of gestation
were not included. A major advantage of NAVA by compar-
ison with conventional modes is the more gentle ventilation,
with lower airway pressures and better patient-ventilator

Table 3 Treatment and outcomes
NAVA N = 29 Control N = 31 P value

n (%) n (%)

Surfactant therapy 0.73

No. of patients with 1 dose 14 (48.3) 15 (48.4)

No. of patients with 2 doses 9 (31) 10 (32.3)

No. of patients with 3 doses 5 (17.2) 5 (16.1)

No. of patients with 4 doses 1 (3.4) 0

No. of patients not receiving surfactant 0 1 (3.2)

No. of patients with iNO treatment 3 (10.3) 0 0.053

Complications of invasive ventilation

Pneumothorax 3 (10.3) 4 (12.9) 1.00

Atelectasis 3 (10.3) 1 (3.2) 0.20

Infectious infiltrate 0 1 (3.2) 1.00

BPD 3 (10.3) 1 (3.2) 0.20

PDA 2 (6.9) 3 (9.7) 1.00

ROP 0 0

Sepsis (Staph epidermidis) 2 (6.9) 2 (6.5) 1.00

NEC 0 0

IVH grade I/IV 5 (17.2) 3 (9.7) 0.30

IVH grade II/IV 2 (6.9) 1 (3.2) 0.36

iNO inhaled nitric oxide, BPD bronchopulmonary dysplasia, PDA patent ductus arteriosus, ROP retinopathy of
prematurity, NEC necrotizing enterocolitis, IVH intraventricular hemorrhage
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synchrony, which leads to a reduced need for supplemental
oxygen and should be beneficial in preventing BPD [13,
24–26]. Three out of four of our patients later diagnosed with
BPD were in the NAVA group, but they had several risk fac-
tors other than the ventilation mode, principally bacterial in-
fections, severe RDS, long overall duration of invasive venti-
lation, and in one case an underlying mitochondrial disease
[11]. It is obvious that our population was too small to allow
us to detect any possible impact of the ventilation mode on
long-term pulmonary complications.

Possible harmful effects of opiates and sedatives on
neurodevelopment in preterm infants have directed current
treatment strategies to avoid routine administration of these
drugs in a NICU [6, 14, 18]. Paracetamol was the main anal-
gesic agent used in our series, and opiates were resorted to
when paracetamol together with non-pharmacological treat-
ment were unable to provide adequate pain relief and patient
comfort [9]. This led to equally low overall doses of opiates in
both groups. A recent report comparing NAVAwith pressure-
regulated volume-controlled ventilation (PRVC) for preterm
infants in two non-randomized 12-h periods reported de-
creased use of fentanyl during NAVA [17]. Improved patient
comfort, together with the desire to maintain regular sponta-
neous breathing, is undoubtedly a feature of NAVA that favors
a reduction in opiate use [20], but if larger doses of opiates are
required only in the most severely ill, who cannot tolerate
spontaneous breathing or NAVA in the acute phase of their
illness, the lack of any difference is easily understood.

There are some limitations inherent in our protocol. First, we
started enrolment soon after NAVA was available in our unit,
which may have led to situations where the clinicians who
made the final decision were not equally familiar with the
two ventilation modes. This may have hindered the emergence
of some differences between the groups. However, when in-
cluding vulnerable preterm infants in a clinical trial such as this,
it is essential that patient safety should come first, and that the
clinician responsible for the treatment should make all the de-
cisions. Secondly, the randomization led to some heterogeneity
in patient characteristics between the groups, although the dif-
ferences were not statistically significant. Thirdly, the
extubation criteria written into the protocol were not strictly
followed, so that our results concerning the duration of venti-
lation should be interpreted with caution. Finally, the fact that
the shortest apnea time in the first NAVA software was 5 s
highlights the challenge that apnea of prematurity presented
for NAVA at the early stages in the trial.

In conclusion, we found NAVA to be a safe and feasible
ventilation mode for the majority of preterm infants suffering
from RDS. The traditional extubation criteria relying on inspi-
ratory pressures and spontaneous breathing efforts were not
clinically applicable during NAVA, so it did not reduce the
duration of invasive ventilation. Larger randomized controlled
trials on NAVA in neonatal intensive care are clearly needed,

but comprehensive clinical experience with NAVA along with
clinically applicable extubation criteria are prerequisites for
the reliable performance of future trials.
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