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Neurally adjusted ventilatory assist (NAVA)
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Fig.1 Steps necessary to transform central respiratory
drive into an inspiration

Simplified chain of events involved with spontaneous breathing,

beginning with central respiratory drive (Step 1), to the final

ventilatory output at the airway (Step 6). With permission,

from Beck et al?V.
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Fig.2 Schematic representation of the position of the
nasogastric feeding tube in the esophagus
Note that the sensors on the feeding tube are located at the
level of the crural diaphragm, and that the feeding holes are
below in the stomach. The catheter can be passed transnasally
or transorally (not shown), and is connected to a module in

the ventilator. With permission, from Sinderby et al #”.
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Fig. 3 Relative diaphragm activation during resting

breathing in different groups of patients
Diaphragm activation, expressed as percentage of maximum (y
axis) is plotted for healthy subjects (white bar), patients with
chronic obstructive lung disease (hatched bar), post-polio
syndrome (solid bar). Note the similar relative activation for
the three patient groups, compared to healthy subjects. With
permission, from Beck et al?¥.
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Fig.4 Schematic description of the chain of events during spontaneous breathing and interaction to mechanical ventilation
The center panel describes the transformation steps from central initiation of a breath to the generation of airway pressure, flow, and
volume. The blue vertical bar indicates the steps related to neural, mechanical, and ventilatory energy transformation taking place
during a breath. The right panel indicates the neural feedback systems involved in the control of breathing. The left panel shows at
which level and how different modes of mechanical ventilation interact during spontaneous breathing. With permission, from Sinderby
et al®.

EAdi ; electrical activity of the diaphragm, Fb ; breathing frequency, Palv, alveolar pressure, Ppl, pleural pressure, NAVA ; neurally-
adjusted ventilatory assist, PAV ; proportional assist ventilation, PSV ; pressure support ventilation, Pventi ; ventilator pressure,

VD ; dead space, VT ; tidal volume.
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Fig.5 Diaphragm electrical activity (EAdi), flow, volume
and airway pressure in a patient with respiratory
failure on pressure support ventilation and neurally
adjusted ventilatory assist

All delivered breaths were triggered during PSV period and

as indicated by the arrows, there were also indications of wasted

inspiratory efforts in the flow and pressure tracings. Wasted
efforts were defined as the presence of EAdi, with absence of
airway pressure delivery. The EAdi, however, indicated that
the diaphragm was not active at all during PSV (left panel).

After switching the patient to NAVA, diaphragm activity was

restored (right panel), suggesting that the patient ventilator

asynchrony was due to overassist during PSV and that waveform
analysis of flow and pressure without EAdi may be misleading.

With permission, from Sinderby et al ®.
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Fig.6 Changes observed for Tidal volume, airway pressure,
diaphragm electrical activity and esophageal pre-
ssure time product during titration of the NAVA level

Changes in tidal volume (Vt) per patient body weight, mean

inspiratory airway pressure (Paw) including PEEP, EAdi, and

esophageal pressure time product (PTPes) in a single patient
while increasing the neurally adjusted ventilatory assist(NAVA)
level at a constant rate (ie, one level every third minute) from

NAVAlow to NAVAhigh. Initially, the increase in Paw and Vt

was associated with a progressive reduction in EAdi and PTPes

(first response). At some NAVA level, the increases in Paw

slowed down, and Vt reached a plateau despite a continued

increase of the NAVA level at a fixed rate due to further down-
regulation of EAdi (second response). Thereafter, the EAdi

did not decrease any further, and consequently Paw and Vt

resumed their increases in response to increases in the NAVA

level. The NAVA level at the transition from the first to the
second response was identified as an adequate NAVA level

(NAVAal) and was subsequently applied for 3 h. EAdi and

PTPes are expressed as a percentage of their values at NAV Alow

(%WNAVAlow). With permission, from Brander et al*®.
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Fig. 7 Diaphragm electrical activity and airway pressure
in a patient with respiratory failure on pressure
support ventilation and NAVA

During PSV assist is constant at one level despite large variability

in the EAdi. During NAVA, the pressure delivery is in proportion

to EAdi such that low pressure is delivered during low neural
inspiratory efforts (low EAdi) and high pressures are delivered
during high inspiratory efforts (high EAdi). In other terms,

PSV deliver monotonous assist regardless of patient needs,

whereas during NAVA the mechanical ventilator is sharing the

work with the patient. With permission, from Sinderby et al .
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Abstract

Neurally adjusted ventilator assist (NAVA) is a mode of mechanical ventilation that uses the electrical activity
of the diaphragm (EAdi) to control the timing and amount of ventilator assist. Hence, NAVA is synchronous
to the patient, and adapts the pressure to changes in the patient’s respiratory demand - all regulated by the
neural feedback system. Different from current modes of ventilation, NAVA allows the patient to control breathing
frequency, inspiratory time, and tidal volume. The effectiveness and safety of using NAVA are described in this
review for the adult patient, but also in the neonate. In addition, monitoring the EAdi signal during other modes
of ventilation or with treatments and interventions gives bedside evaluation of central respiratory drive, in real-
time.

Studies in adults and infants have shown that NAVA improves patient ventilator interaction and efficiently
unloads the respiratory muscles, while maintaining diaphragm activation and avoiding over-assist. NAVA has
the potential therefore to minimize ventilator-induced lung injury and ventilator-induced diaphragm dysfunction.
Moreover, NAVA maintains synchrony even in the presence of leaks, and offers this advantage for non-invasive
positive pressure ventilation with various interfaces.

In summary, NAVA improves monitoring of respiratory drive, and delivers synchronized assist in relation to
patient effort, and the control of assist is not affected by leaks.
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