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Dear Editor,
Implementing lung protective venti-
lation while assuring acceptable
arterial oxygenation and carbon
dioxide removal in patients affected
by severe acute respiratory failure and
very low respiratory system compli-
ance is a major challenge [1].
Extracorporeal membrane oxygena-
tion (ECMO) may guarantee viable
blood gases [2] and allow the use of
assisted rather than controlled
mechanical ventilation. This, in turn,
will achieve improved respiratory
muscle function, better gas exchange
and decreased sedation level [3].
Pressure support ventilation (PSV),
however, may be difficult to imple-
ment in patients with very low
compliance [3]. In these patients,
peak inspiratory flow is reached
rapidly and the expiratory phase of
the ventilator may start while the
patient is still inspiring. This mech-
anism may lead to patient
discomfort, asynchrony and possibly
desaturation and barotrauma. We
reasoned that neurally adjusted ven-
tilatory assist (NAVA) may
overcome this limitation as expira-
tory cycling time is based on
diaphragmatic electrical activity

(EAdi) and should adapt better to the
patient’s own respiratory pattern [4].

A 58-year-old male patient (pre-
dicted body weight 90 kg) developed
acute respiratory failure from exacer-
bation of idiopathic pulmonary
fibrosis [5]. He was severely hypox-
aemic and hypercapnic. Therefore
ECMO was initiated while the patient
was undergoing noninvasive ventila-
tion. After 7 days, his respiratory
function further declined and he was
intubated and mechanically venti-
lated. On ECMO day 14, the patient
was on controlled ventilation with
tidal volume (VT) 2 ml/kg, respiratory
rate (RR) 15 bpm, positive end expi-
ratory pressure (PEEP) 10 cmH2O and
inspired oxygen fraction (FiO2) 100%.
ECMO blood flow was 2.3 l/min with
5 l/min of pure oxygen sweep gas
flow. Arterial haemoglobin saturation
(SatO2) was 75% and compliance was
7 ml/cmH2O. We tested each of the
assisted ventilatory strategy listed
below for 30 min, leaving PEEP, FiO2

and ECMO settings unchanged, with
the following observations:

1. PSV30 (PSV 12 cmH2O above
PEEP, expiration cycling time
30% of flow peak value): VT was
2 ml/kg and RR 22 bpm; patient
inspiration overlapped machine
expiration and this constantly
triggered a second breath (‘‘double
hit breaths’’) (Fig. 1, PSV30);

global asynchrony index (AI) [6]
was C10%; patient respiratory
drive was high (p0.1 = 3.3
cmH2O, peak EAdi = 12 lV);
SatO2 decreased to 73%.

2. PSV1 (PSV 12 cmH2O and
cycling at 1%): VT was 1.9 ml/kg
and RR 22 bpm; reduction of the
cycling-off criterion (until the
latest allowed by the ventilator)
did not improve synchrony and the
inspiratory phase of the ventilator
was still shorter than the patient’s
own, yielding double-hit breaths
(Fig. 1, PSV1); AI remained
C10%, p0.1 increased to 3.7
cmH2O and peak EAdi to 13 lV;
SatO2 remained stable at 73%.

3. NAVA (gain 2 cmH2O/lV, to
achieve the same peak airway
pressure as in PSV; limit of airway
pressure set on ventilator 35
cmH2O): VT ranged between 1.9
and 2.1 ml/kg and RR was
23 bpm; airway pressure increased
following the shape of the
patient’s EAdi, then reached a
plateau and inspiratory flow zer-
oed, until EAdi had decreased to
70% of its peak value (i.e. NAVA
cycling-off criterion, Fig. 1). AI
lowered to \10%, respiratory
drive decreased (p0.1 = 0.3
cmH2O, peak EAdi = 5.9 lV)
and SatO2 increased to 77%.
Interestingly, airway pressure
waveforms in our patient (Fig. 1,

Fig. 1 Airway flow (Flow), airway pressure (Paw), tidal volume (VT) and diaphragm
electrical activity (EAdi) of a patient with extremely low compliance of the respiratory
system during pressure support ventilation with expiration cycling set at 30% of peak
inspiratory flow (PSV30), pressure support ventilation with expiration cycling set at 1% of
peak inspiratory flow (PSV1) and neurally adjusted ventilatory assist with gain 2 cmH2O/
lV (NAVA). The dashed lines represent the starting of the expiratory phase of the ventilator
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NAVA) differed from those found
in previous studies on NAVA [7]
where pressure increased and
decreased without reaching a pla-
teau. Usually, a plateau during
NAVA is seen when the airway
pressure limit is reached, but this
was not the case in our patient as
the limit was 2–8 cmH2O higher
than the actual plateau pressures.
Airway pressure in our patient
instead reached a plateau probably
because of his/her slow rate of
decrease in EAdi from the peak
value. In the presence of early flow
termination due to low compli-
ance, the slow rate of decrease in
EAdi yielded a longer time
between peak pressure and
cycling-off, during which airway
flow was null and airway pressure
was held at a plateau.

By maintaining the above-men-
tioned NAVA settings, we managed
the patient for several days without
relevant asynchrony issues.

In conclusion, we report here the
successful application of NAVA to
maintaining assisted ventilation in a
patient with extremely low

respiratory system compliance
undergoing ECMO.
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