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Abstract

Background: Neurally adjusted ventilatory assist (NAVA) is an innovative mode for assisted ventilation that
improves patient-ventilator interaction in children. The aim of this study was to assess the effects of patient-
ventilator interaction comparing NAVA with pressure support ventilation (PSV) in patients difficult to wean from
mechanical ventilation after moderate pediatric acute respiratory distress syndrome (PARDS).

Methods: In this physiological crossover study, 12 patients admitted in the Pediatric Intensive Care Unit (PICU) with
moderate PARDS failing up to 3 spontaneous breathing trials in less than 7 days, were enrolled. Patients underwent
three study conditions lasting 1 h each: PSV1, NAVA and PSV2.

Results: The Asynchrony Index (AI) was significantly reduced during the NAVA trial compared to both the PSV1 and
PSV2 trials (p = 0.001). During the NAVA trial, the inspiratory and expiratory trigger delays were significantly shorter
compared to those obtained during PSV1 and PSV2 trials (Delaytrinsp p < 0.001, Delaytrexp p = 0.013). These results
explain the significantly longer Timesync observed during the NAVA trial (p < 0.001). In terms of gas exchanges, PaO2

value significantly improved in the NAVA trial with respect to the PSV trials (p < 0.02). The PaO2/FiO2 ratio showed a
significant improvement during the NAVA trial compared to both the PSV1 and PSV2 trials (p = 0.004).

Conclusions: In this specific PICU population, presenting difficulty in weaning after PARDS, NAVA was associated with
a reduction of the AI and a significant improvement in oxygenation compared to PSV mode.

Trial registration: ClinicalTrial.gov Identifier: NCT04360590 “Retrospectively registered”.

Keywords: Neurally adjusted ventilatory assist, Weaning, Pediatric acute respiratory distress syndrome, Patient-
ventilator interaction, Mechanical ventilation
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Background
Partial ventilatory support modes are widely used both
in the pediatric and adult population. However, patient-
ventilator asynchrony represents, especially in the
pediatric setting, still a problem. Pressure Support Venti-
lation (PSV) is also largely used both in the adult and in
the pediatric population, even though studies have re-
ported that cycling on-off algorithms, based on flow,
may strongly affect patient-ventilator interaction [1, 2],
causing several asynchronous events, such as prolonga-
tion or premature interruption of the mechanical insuf-
flation, wasted effort or double cycling.
It is nowadays well known that asynchronous phenom-

ena are frequent and are likely correlated to multiple
factors, including machine characteristics and perform-
ance, as well as physiological factors affecting neural re-
spiratory drive, muscle strength, as well as patient’s
breathing patterns and respiratory mechanics. The latter
two components are particularly crucial in infants and
children, where the respiratory system characteristics
and the fast breathing patterns may negatively interact
with the flow-based ventilatory algorithms, particularly
in difficult to wean patients who often show a high rate
of asynchrony. Moreover, a worse patient-ventilator syn-
chrony has been associated with increased days on
mechanical ventilation and, consequently, increased risk
to develop Ventilator Associating Pneumonia (VAP) and
other infections [3–6].
These topics have particular relevance for the pediatric

population affected by Pediatric Acute Respiratory Dis-
tress Syndrome (PARDS).
In a recent international observational study, Khemani

and colleagues [7] reported the international PARDS in-
cidence to be of 3.2% (95% CI 3.0, 3.4%) among Pediatric
Intensive Care Unit (PICU) patients and 6.1% (95% CI
5.7, 6.5%) among patients on mechanical ventilation.
Moreover, authors demonstrated that refractory hypox-
emia is the main cause of death in 34% (41/121) of pa-
tients, multi-system organ failure in 43% (52/121), and
brain death or neurologic injury in 28% (35/121) of
patients.
Neurally Adjusted Ventilatory Assist (NAVA) is an in-

novative mode for assisted ventilation, which delivers
proportioned positive pressure in response to the elec-
trical activity of the diaphragm (Edi) [8]. Edi is not influ-
enced by changes in muscle length, chest wall
configuration, and/or lung volume [9–11], and correlates
with phrenic nerve activity [12].
Several studies have demonstrated that NAVA im-

proves patient-ventilator interaction in the pediatric
population [13, 14]. Moreover, recent studies [15–17]
have shown that, as observed for invasive mechanical
ventilation, the application of non-invasive NAVA
(NAVA-NIV) in children with Acute Respiratory Failure

(ARF) is feasible reducing trigger delays and asynchron-
ous events, improving patient-ventilator interaction
compared to non-invasive pressure support (PSV-NIV).
The aim of this physiological single center, non-

blinded, crossover study was to assess the effects of
NAVA versus Pressure Support Ventilation (PSV) on
patient-ventilator interaction in pediatric patients with
difficulty in weaning from mechanical ventilation after
moderate PARDS [18] of different origin.

Methods
This study was performed in the Pediatric Intensive Care
Unit (PICU) of the “Fondazione Policlinico Universitario
A. Gemelli IRCCS” of Rome according to the ethical
standard laid down in the 1964 Helsinki Declaration 16
[19]. The study was approved by the local institutional
ethics committee (approval number A693/CE2010), and
written informed consent was obtained from parents or
legal guardians.
This study was recorded on ClinicalTrial register

(registration number: NCT04360590 “Retrospectively
registered”).

Patient characteristics
From January 2011 to January 2014 all children in the
age range of 1 month to 2 years that were admitted to
the PICU of the “Fondazione Policlinico Universitario A.
Gemelli IRCCS” of Rome, Italy were screened for the eli-
gibility criteria of this investigation.
Inclusion criteria were a diagnosis of moderate PARDS

[18], defined by the partial pressure of arterial oxygen to
fraction of the inspired oxygen ratio (PaO2/FiO2) < 200
and an Oxygenation index (OI) > 8 and < 16.
Moreover, we included patients who presented one

among the following criteria:

1) Respiratory Rate rate ≥ 2 SDs of the age-corrected
range, the use of accessory muscles or paradoxical
abdominal movement during respiration [20]

2) Need for a feeding tube and an indwelling arterial
line, according to PICU routine care protocols.

Exclusion criteria were:

1) Hemodynamic instability requiring volume loading
and/or positive inotropes

2) Severe respiratory impairment represented by
hypoxemia (assessed as failure to maintain a PaO2 >
60mmHg with fraction of inspired Oxygen
[FiO2] = 0.6), by severe hypercapnia (PaCO2 > 55
mmHg), by acidosis (arterial pH [pHa] < 7.30), or
recurrent apneas

3) Contraindication to nasogastric tube placement
(such as recent facial trauma, esophageal varices,

Spinazzola et al. BMC Pediatrics          (2020) 20:334 Page 2 of 10



local malformations, esophageal or gastric surgery
performed in the previous 6 months)

4) Increased intracranial pressure
5) Palliative care for end-stage oncologic disease
6) Neuromuscular, mitochondrial, metabolic, or

chromosomal diseases presenting with neonatal
hypotonia

7) Medullary lesions

Study protocol
All children admitted to PICU for moderate PARDS, ac-
cording to our PICU protocol, were evaluated for wean-
ing verifying the following criteria: resolution or
improvement of PARDS causes, hemodynamic stability,
absence or progressive reduction of vasoactive drugs re-
quirements, adequate level of consciousness (COM-
FORT≥18) [21], presence of spontaneous respiratory
efforts, presence of the cough reflex, correction of sig-
nificant metabolic and electrolyte imbalances and ad-
equate gas exchange with Positive End Expiratory
Pressure (PEEP) ≤8 cmH2O and FiO2 ≤ 0.5.
Patients who fulfilled these criteria underwent a spon-

taneous breathing trial (SBT) with Continuous Positive
Airway Pressure (CPAP) of 5 cmH2O for 30 to 120min.
All patients who failed up to 3 SBTs in less than 7

consecutive days [22], and presenting at least two of the
following signs: diaphoresis, nasal flaring, tachycardia
(Heart Rate ≥ 40 bpm), arrhythmias, hypotension, apnea,
PETCO2 increase > 10mmHg, arterial pH decrease <
7.32, PaO2 < 60 mmHg with a FiO2 ≥ 0.40 (PaO2/
FiO2 ≤ 150) [23], were enrolled in the study, as they
were considered at high risk of asynchrony phenomena.
After enrollment, the standard nasogastric tube of

each patient was replaced with a specific nasogastric
tube (Edi catheter) with an array of eight bipolar elec-
trodes mounted at its distal end (Getinge Critical Care,
Solna, Sweden). The initial placement was directed by
measuring the distance from the patient’s xiphisternum
to the tragus of the ear and then extending the measure-
ment until the nose. The Edi catheter was then inserted
to the corresponding depth. Catheter positioning was
carried out through a specific function of the Servo I
ventilator (Getinge, Critical Care, Solna, Sweden), called
Edi catheter positioning [24]. Confirmation of its appro-
priate placement was achieved viewing the online elec-
trical displays from the catheter: the presence of a good
quality Edi trace, with P waves displayed by the central
electrodes, indicates optimal positioning, with the array
spanning equally the diaphragm in both caudal and cra-
nial directions [15–17, 25].
At enrollment, all patients were ventilated in PSV

mode with a Servo-I ventilator set to obtain a Tidal Vol-
ume (Vt) of 6–7 ml/Kg, with a PEEP level targeted to
obtain a peripheral oxygen saturation (SpO2) ≥92%.

During PSV, the flow trigger sensitivity was adjusted at
the lowest level to avoid auto-triggering phenomena,
while the expiratory cycling-off was adjusted to obtain
the best synchronization, according to flow/pressure
tracings. To determine the corresponding NAVA level,
able to achieve a similar peak inspiratory airway pressure
to that obtained in PSV, a dedicated function called
NAVA Preview was used.
All patients underwent three study conditions, lasting

1 h each: PSV1, NAVA, PSV2. The last 5 min of each
trial were recorded with a specific software (Nava
Tracker V 2.0 Maquet Critical care, Solna, Sweden) and
data was stored for further analysis. The minutes con-
tinuously recorded during each trial were 5, then we an-
alyzed all the breaths during the middle minute (i.e. the
third minute).

Measurements
The Airflow (V′), the Airway Pressure (Paw) and the Elec-
trical Activity of the diaphragm (Edi) were obtained from
the ventilator through a RS232 interface (sampling rate
100Hz) and recorded by NAVA Tracker software. Data
were further processed, filtered and analyzed by a specific
software (NAVA Merger and ICU Lab 2.5, respectively,
KleiStek, Advanced Electronic System, Rome, Italy).
On the flow (V′) tracing, we measured the mechanical

respiratory rate (RRmech) and mechanical inspiratory and
expiratory time (Timech and Temech), as well as the total
breath duration (Ttotmech). By integrating the Flow on
time, we estimated the Tidal volume (Vt) delivered from
the ventilator to the patient. Also, we measured VTmech

(defined as the amount of volume delivered by the ventila-
tor during the mechanical inspiratory phase and calcu-
lated as the volume generated between the opening of the
inspiratory valve and the expiratory cycling off) and VTneu

(defined as the volume delivered during the neural inspira-
tory phase and calculated as the amount of volume gener-
ated from the onset of Edi swing to its peak).
By analysing the Edi tracing, we calculated the patient

neural respiratory rate (RRneu) and the patient inspiratory
and expiratory time (Tineu and Teneu). The former was cal-
culated as the time between the onset of Edi swing and its
peak, and the latter as the time between the Edi peak and
the onset of the following Edi swing [24].
To estimate the asynchrony rate, we calculated the

asynchrony index (AI), which is the ratio between the
number of asynchronous events and the total respiratory
rate, expressed as percentage [15]. An AI> 10% was con-
sidered a high rate of asynchrony. The major asynchrony
events observed and analysed were Wasted Efforts (WE)
(defined as a patient inspiratory effort not assisted by the
ventilator), Auto-Trigger (AT) (defined as a mechanical
insufflation in absence of a patient inspiratory effort)
and Late Cycling (LC) (defined as a cycle with the
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mechanical inspiratory time greater than twice the pa-
tient’s neural time).
The inspiratory trigger delay (Delaytrinsp) was calcu-

lated as the time lag between the onset of the Edi swing
and the onset of ventilatory assistance, evaluated on Paw
tracing. Similarly, the expiratory trigger delay (Delaytrexp)
was determined as the time lag between the Edi peak
and the end of mechanical assistance measured on the
Paw tracing.
To evaluate asynchrony, we measured the Vtneu/

Vtmech, as the percentage of Vt delivered during the pa-
tient’s inspiratory phase, and the time of synchrony
(Timesync) defined as the time during which the patient’s
inspiratory effort and the ventilatory assistance are in
phase. The time during which respiratory effort and ven-
tilator assistance were synchronous, indexed to Tineu
(Timesync/Tineu) was also computed [26–28].
The amount of inspiratory effort was calculated as the

Pressure Time Product of Edi per breath and per minute
(PTPEdi/breath and PTPEdi/min) defined as the area
under the Edi trace from the neural inspiration to the
end of the neural expiration.
The neuroventilatory efficiency (Vt/Edi) was defined as

Vt divided by the integral of the inspiratory Edi (∫Edi).
The Edi time integral (mean Edi*Ti*RR) was calculated as
an indicator of inspiratory electrical energy expenditure.
The neuro-ventilatory efficiency index (Vt × kg PBW/

∫Edi) was calculated to compute the amount of tidal vol-
ume correlated to a specific patient inspiratory demand
per breath [29].
In addition, at the end of each trial, the gas exchange

values (pHa, PaO2, PaCO2, PaO2/FiO2 ratio) and
hemodynamic variables (Heart Rate, Systolic Arterial
Pressure, Diastolic Arterial Pressure, Mean Arterial Pres-
sure) were registered.

Endpoints
The primary endpoint of the study was the measurement
of the AI during each study condition. The secondary
endpoints were the variables describing patient-
ventilator interaction (expressed as inspiratory and ex-
piratory trigger delays, time of synchrony, Vtneu/Vtmech),
PTPEdi/breaths and PTPEdi/min, neuro-ventilatory effi-
ciency index, RRmech, RRneu, PeakPaw, PeakEdi and
gas exchange values (pHa, PaO2, PaCO2, PaO2/FiO2 ra-
tio) during the study.

Statistical analysis
Given the physiological design of the study, we did not
perform a formal sample size calculation. In consistency
with previous investigations on this topic [13, 30], we
enrolled 12 patients. Data distribution was assessed with
the Kolmogorov-Smirnov test. Continuous variables with
normal distributions were expressed as means and

Standard Deviation and assessed with the Student t-test.
Continuous variables with non-normal distributions
were expressed as medians and interquartile ranges
(IQR) and assessed with the Mann-Whitney test. Fre-
quencies were compared with the chi-square or Fisher
exact test, as appropriate. The analysis of variance
(ANOVA) for repeated measures was performed to de-
tect significant differences between the single experi-
mental settings. P values < 0.05 were considered
statistically significant. MedCalc Statistical Software ver-
sion 14.12.0 (MedCalc Software bvba, Ostend, Belgium;
http://www.medcalc.org; 2014) was used for statistical
analysis.

Results
Baseline characteristics
From January 1st 2011 to January 31st 2014, 48 pediatric
patients were admitted in PICU with a diagnosis of mod-
erate PARDS. Fifteen patients were eligible in the study
after they failed 3 attempts of SBT; 3 patients were ex-
cluded due to worsening of the clinical conditions re-
quiring deep sedation and controlled mechanical
ventilation. The remaining 12 patients were enrolled in
the study (Fig. 1).
The main clinical characteristics of our patients are

shown in Table 1.
Ventilator settings did not differ for FiO2 (PSV1:

0.35 [0.34–0.42]; NAVA: 0.35 [0.34–0.42] and PSV2:
0.37 [0.34–0.45], respectively; p: 0.94) and PEEP level
(PSV1: 6 [5–7] cmH2O; NAVA: 6 [5–7] cmH2O and
PSV2: 6 [5–7] cmH2O, respectively; p:1). The Pres-
sure Support level was set at 6 [5–9.5] cmH2O during
PSV1 and PSV2 trials, while NAVA level was set at
1.45 [1.15–1.7] cmH2O/μV.
The Vt/Kg PBW values were similar in the three trials

(PSV 1: 7.7 [6.6–10.52]; NAVA 9.23 [6.93–12.64] and
PSV2: 6.4 [5.38–8.20] ml, respectively; p = 0.14). Also, no
difference was observed in PeakPaw during each trial
(PSV1 13.52 [11.29–21.82]; NAVA: 14.65 [12.32–28.20]
and PSV2 17.50 [15–23.35] cm H2O, respectively; p = 0.47).
All enrolled patients completed each phase of the

study, without interruptions. No major adverse events
such as hemodynamic instability, bradycardia requiring
chest compression, cardiac arrest, or severe hypercapnia
were reported during the study.

Primary endpoint
The primary endpoint (AI) is shown in Table 2. AI was
significantly reduced during the NAVA trial compared
to both PSV1 and PSV2 trials (p = 0.001). Moreover, the
number of wasted efforts and auto-triggering events was
significantly higher during both PSV trials with respect
to NAVA trial (AT p = 0.003, WE p < 0.0001) (Fig. 2).
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Fig. 1 Study flow diagram

Table 1 Baseline patient characteristics

Patient Age (Months) Weight (Kg) PARDS Cause Comorbidities

1 10 8 Pneumonia Prematurity

2 1 3 Pneumonia Onphalocele, Sepsis

3 2 4.5 V. Bronchiolitis NONE

4 5 3.8 Pneumonia NONE

5 2 4 V. Bronchiolitis NONE

6 3 3 Pneumonia Prematurity

7 2 4.5 V. Bronchiolitis NONE

8 11 10 Pneumonia Prematurity

9 6 12 Pneumonia Pulmonary Hypertension, BPD, NEC

10 12 10 Pneumonia Burn

11 24 6.7 Pneumonia Prematurity

12 1 5 Pneumonia NONE

Mean ± SD 6.58 ± 6.77 6.20 ± 3.07

Abbreviations: SD standard deviation, V viral, NEC necrotizing enterocolitis, PARDS pediatric Acute Respiratory Distress Syndrome, Kg kilogram
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We did not observe significant differences in terms of
late Cycling during the three trials (p = 0.176).

Secondary endpoints
The secondary endpoints are shown in Table 3.
During the NAVA trial, the inspiratory and expiratory

trigger delays were significantly shorter compared to the
delay values observed during PSV1 and PSV2 trials
(Delaytrinsp p < 0.001, Delaytrexp p = 0.013): these results
explain the significantly longer Timesync observed during

the NAVA trial (p < 0.001). Compared to both PSV trials,
NAVA significantly improved Timesync/Tineu (p < 0.001).
We did not observe significant differences in terms of
Vtneu/Vtmech during NAVA and PSV trials. During all tri-
als, we did not observe significant differences in the
amount of inspiratory effort evaluated through the ana-
lysis of PTPEdi/breath, PTPEdi/min and neuro-ventilatory
coupling expressed by the neuro-ventilatory efficiency
index (PSV1: 0.82 [0.33–2.68], NAVA: 0.51 [0.30–1.60],
PSV2: 0.42 [0.21–0.98], respectively, p = 0.28).

Table 2 Primary endpoints

PSV1 NAVA PSV2 P

Asynchrony Index (%) 13.6 [8–15.7] 1.7 [0–2.4] 10 [6.5–20] 0.001

Auto Triggering (n/min) 1.5 [0–3.5] 0 [0–0] 1 [0.2–3] 0.003

Wasted efforts (n/min) 1 [2–4] 0 [0–0] 2 [1–3.8] < 0.0001

Late Cycling (n/min) 1.5 [0–4] 1 [0–1] 2 [1–5] 0.176

Data are expressed as median (interquartile range: 25th and 75th percentile)
Abbreviations: N/min number per minute, % percentage, PSV pressure support ventilation, NAVA neurally adjusted ventilatory assist

Fig. 2 Patent tracings. The Images show patient tracing during Pressure Support Ventilation (PSV) and Neurally Adjusted Ventilatory Assist (NAVA)
trials. From top to bottom are represented: electrical activity of diaphragm (Edi), Flow and Airway Pressure tracings. The circles highlight the
wasted efforts, while the arrows indicate the Edi signal
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Furthermore, we did not observe significant differ-
ences in terms of RRneu and RRmech between the trials,
although there was a trend toward a rise of RRmech and
RRneu moving from the NAVA trial to the second trial
in PSV (RRmech PSV1: 54.5 [37–60.6], NAVA: 46.5
[41.5–62], PSV2: 55 [45.5–62.5], respectively; p = 0.82)
(RRneu PSV1: 58 [37.5–62.5], NAVA: 46.5 [41.5–62],
PSV2: 57.5 [45.5–63], respectively; p = 0.76). During all
trials, no differences in terms of PeakPaw and PeakEdi
were demonstrated.
In terms of gas exchanges, PaO2 significantly improved

when NAVA trial was compared to both PSV trials (p =
0.025). PaO2/FiO2 ratio, significantly improved during
NAVA trial, compared to both PSV1 and PSV2 trials (p =
0.004). Finally, we did not observe significant differences
in terms of pHa and PaCO2 value in the different trials.
A tracheostomy was required in 4 patients (33%), who

had a very long length of stay (LOS) in PICU (days:
80.5 ± 43.33), while the remaining 8 patients were suc-
cessfully extubated and were discharged to the pediatric
ward after a PICU-LOS of 45.5 ± 11.14 days. Two pa-
tients (16%) died from septic complications in PICU.
After the end of the study, all patients were ventilated
with NAVA until extubation or tracheostomy.

Discussion
This physiological single center, unblinded, crossover
study showed the clinical feasibility and the possible ad-
vantages in patient-ventilation synchrony and oxygenation

of NAVA compared to PSV in a selected population of dif-
ficult to wean pediatric patients recovering from moderate
PARDS. When compared to PSV, NAVA significantly re-
duced the AI, improved patient-ventilator synchrony and
PaO2/FiO2 ratio, maintaining hemodynamic stability. To
the best of our knowledge, this is the first clinical study ex-
ploring the effects of NAVA compared to PSV in a
pediatric population with moderate PARDS presenting dif-
ficult weaning from mechanical ventilation.
Pediatric patients, especially after acute respiratory

failure, present high respiratory rates, small tidal vol-
umes, and strong inspiratory efforts. Patient-ventilator
synchrony is difficult to achieve with PSV in this specific
population [31]. Generally, pediatric patients spend
about one-third of the respiratory time with a sub-
optimal patient-ventilator interaction [32].
Several studies have reported that patients with

PARDS are characterized by short ventilator free periods
and longer length of mechanical ventilation in survivors
[7]. Moreover, this specific population showed the worst
patient-ventilator interaction [32–34].
As already demonstrated [32], the analysis of Edi signal

facilitates the detection of patient-ventilator asynchrony,
in particular for the calculation of timing errors for trig-
gering or cycling-off.
As observed in adults [35, 36], all pediatric studies

showed that patient-ventilator interaction unequivocally
improved during both invasive and non-invasive NAVA
compared to conventional modes such as PSV.

Table 3 Secondary endpoints

PSV1 NAVA PSV2 P

DelayTrinsp (msec) 116 [97–139.5] 27 [22–39] 125 [93–139] < 0.001

DelayTrexp (msec) 91 [75–186] 45 [15–68] 82 [70–140] 0.013

Timesync (sec) 0.17 [0.13–0.21] 0.41 [0.37–0.51] 0.15 [0.13–0.18] < 0.001

Timesync/Tineu 0.60 [0.46–0.80] 0.96 [0.93–0.99] 0.67 [0.50–0.74] < 0.001

Neuroventilatory efficiency index (Vt/∫Edi) (mL × kg PBW/μVs-1) 0.82 [0.33–2.68] 0.51 [0.30–1.60] 0.42 [0.21–0.98] 0.28

Vtneu/Vtmech (%) 100 [83–100] 100 [94–100] 100 [91–100] 0.60

PTPEdi/min (μV/sec/min) 1.21 [0.87–4.63] 1.79 [0.89–3.63] 2.09 [1.23–8.25] 0.48

PTPEdi/breath (μV/sec) 2.75 [2–8.35] 2.83 [2.1–8.04] 3.82 [1.97–13.16] 0.61

PeakPaw (cmH2O) 13.52 [11.29–21.82] 14.65 [12.32–28.20] 17.5 [15–23.35] 0.47

PeakEdi (μVs) 6.63 [4.62–21.51] 16.32 [7.52–25.46] 8.83 [5.19–33.10] 0.78

Mean Arterial Pressure (mmHg) 70 [65–84] 72 [66–78] 67 [63–70] 0.36

HR (bpm) 149 [140–154] 150 [130–154] 147 [137–155] 0.33

PaO2/FiO2 ratio 232 [198–284] 288 [224–337] 228 [197–291] 0.004

PaCO2 (mmHg) 34 [31–41] 32 [29–42] 32 [28–35] 0.62

pHa 7.44 [7.41–7.46] 7.43 [7.42–7.45] 7.45 [7.43–7.48] 0.50

Data are expressed as median (interquartile range: 25th and 75th percentile)
Abbreviations: DelayTrinsp inspiratory trigger delay, DelayTrexp expiratory trigger delay, Timesync time of synchrony, Edi electrical activity of diaphragm, sec seconds, Vt
tidal Volume, ∫Edi Edi time integral, Vtneu neural tidal volume, Vtmech mechanical tidal volume, msec milliseconds, Kg Kilograms, PBW predicted body weight; ml:
milliliters, PTPEdi pressure time product of Edi per breaths and per minute, Paw airway pressure, μV microvolt; min: minute, % percentage, bpm beats per minute,
HR heart rate, PaO2/FiO2 ratio partial pressure of arterial oxygen to fraction of the inspired oxygen ratio, PaCO2 arterial partial pressure of carbon dioxide, mmHg
millimetres of mercury, pHa arterial pH
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Also, during non-invasive ventilation (NIV), NAVA
was compared to conventional NIV in PSV mode, show-
ing a significant reduction of all major asynchronies
[16].
Our results confirm that NAVA significantly reduces

patient-ventilator asynchrony and significantly increases
oxygenation compared to conventional assisted mechan-
ical ventilation [37]. In fact, in our study, the better syn-
chrony with NAVA was confirmed by a significantly
longer Timesync and substantially better Timesync/Tineu.
compared to PSV mode.
Other studies [14, 37] highlighted the positive effect of

NAVA on PaO2/FiO2 ratio, but they did not show sig-
nificant effects on PaCO2 as reported in our study, prob-
ably due to the recovery of a normalized respiratory
pattern with normocapnia in patients recovering from
PARDS.
Recent studies confirmed the clinical feasibility and

advantages of NAVA in pediatric patients after cardiac
surgery [38, 39] especially in patients with difficult
weaning.
In the abovementioned study [39], as in other studies

[14, 40], NAVA determined a significant reduction of
peak inspiratory airway pressure and mean airway pres-
sure when compared to conventional ventilation modes.
In our study, peak inspiratory airway pressure was simi-
lar in all tested conditions, as we set the NAVA level to
achieve similar peak inspiratory pressures to those ob-
served during PSV.
The effect of NAVA on PeakEdi is particularly inter-

esting: in a recent review, Karikari and colleagues [37]
described how NAVA may affect the electrical activity of
the diaphragm, although not significantly, maintaining
the large variability of Edi, a characteristic observed in
spontaneous breathing. In our study, we observed a
trend toward a rise of peakEdi during NAVA. The pea-
kEdi during PSV trials showed reduced values, as pos-
sible expression of over assistance in PSV mode. This
ability of NAVA to maintain the characteristic variability
of spontaneous breathing has been demonstrated in sev-
eral studies [13, 37], that highlighted the significant ef-
fect of NAVA on tidal volume and airway pressure
variability with respect to conventional ventilation. In
our study, despite the observed improvement in patient-
ventilator interaction with NAVA, this difference in tidal
volume was not observed probably because the PSV set-
ting used during our study, set to avoid a long Timech,
allowed to deliver similar Vtmech and Vtneu in all con-
ditions. For this reason, most of our patients presented a
VTneu /VTmech of 100%.
We acknowledge that this study has several limita-

tions. First, this was a single center study with a rela-
tively small sample size, although in a highly selected
population. Second, this study is not a controlled-

randomized trial. Third, this physiological study is fo-
cused on the effects of NAVA in terms of patient-
ventilator interaction and AI, without investigating the
influence of NAVA on other variables such as patient
comfort and sedation requirements. Further studies are
required to better investigate the influence of these and
other variables.

Conclusions
In a specific pediatric ICU population presenting diffi-
cult weaning after PARDS, NAVA was associated with a
reduction of the AI and an improvement of patient-
ventilator interaction. Moreover, NAVA seems to be a
safe alternative to PSV with the added advantage of im-
proving oxygenation. The results of this physiological
single center crossover study support the application of
NAVA in patients showing difficult weaning when re-
covering from PARDS.
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