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Neurally Adjusted Ventilatory Assist (NAVA): Promises and Challenges
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Since the introduction of mechanical ventilation, modes of
mechanical ventilation have evolved from volume or pressure-targeted,
time cycled modes to patient cycled modes [1-3]. There has been
a trend over the years toward the use of ventilatory modes in which
some degree of spontaneous respiratory activity is preserved, known
as partial ventilator assist. Conventional ventilator modes use drop
changes in pressure or flow to trigger or terminate a supporting breath [3].

Patient triggered modes have a number of distinct advantages
over control modes. These modes have been shown to reduce the
adverse effects of prolong sedation [4-6], ventilation-perfusion
mismatch [1], hemodynamic instability, neuropathy associated with
use of neuromuscular blocking agent [7] and ventilator induced
diaphragmatic dysfunction [8], while also improving gas exchange [9],
but even in the most common partial ventilatory assist mode (pressure
support) asynchrony could be seen [10].

Asynchrony increases respiratory muscle load [7] and is associated
with longer duration of mechanical ventilation [11], so this is a very
important problem.

Neurally adjusted ventilatory assist (NAVA) is a ventilatory mode
which provides pressure in proportion to and in synchrony with the
patient’s Electrical Activity of the diaphragm (EAdi). During NAVA the
ventilator is triggered and cycled off and adjusted by the patient’s EAdi
signal [10-12].

What is EAdi and How Dose NAVA Use It?

Spontaneous breathing starts with an impulse generated by
respiratory center. The impulse is transmitted over the phrenic nerve,
which excites the diaphragm. Before the mechanical effect is achieved,
the signal is modulated and the muscle response is achieved by
chemical coupling. The contraction of the diaphragm will push the
dome downwards, creating a negative alveolar pressure and then the
gas flows into the lungs.

The efficacy of the respiratory muscle will determine the degree
of respiratory center output. In a healthy subject, the low amplitude
of diaphragm excitation reflects the fact that the neuroventilatory
coupling is very efficient and that about 5% of maximum capacity is
used. In disease, the muscle may not perform as expected, leading to an
increased output from the respiratory center with the aim of recruiting
additional muscle groups in the diaphragm [13,14].

With NAVA, ventilator support is initiated when the neural drive to
the diaphragm begins to increase. As the EAdi progressively increases,
the assist increases proportionally and, most importantly, the pressure
delivered by the ventilator is cycled off when the EAdi is ended by the
respiratory centers.

The NAVA level is the factor by which the Edi signal is multiplied
to adjust the amount of assist delivered to the patient, which expresses
a type of gain factor, i.e. how many cm H,O of support the patient will
receive for every uV of EAdi. This assist is thus proportional to the
patient’s Edi and as such, it follows a physiological pattern. The NAVA
level is typically set to between 1.0 and 4.0 cm H,O/uV. The range of
setting is 0 to 15 cm H,O/pV.

When the NAVA level is changed, the resulting pressure delivered
by the ventilator depends on how the respiratory afferents modulated
the neural output to the diaphragm. If the response to an increase
in NAVA is not a reduction in the EAdi, the delivered pressure may
remain unchanged and the patient and the respiratory muscles are
in a “comfort zone”. Thus, the response in EAdi to an increase in the
NAVA level determines the resulting transpulmonary pressure (Ptp)
and whether volume changes or not consequently. During maximal
inspirations, when the EAdi is at its highest, the pressure delivered could
reach extreme levels that may cause harm to the lung. It is therefore
important to determine, with increasing NAVA level whether or not
the EAdi has been suppressed, thereby limiting the pressure delivered
during maximal inspiration.

Weaning

The first sign to look for is a decline in EAdi signal with unchanged
tidal volumes. This represents an improvement in neuromuscular
coupling in the sense that diaphragm performance is unchanged at
lower level of stimulation and the patient is now ready to be weaned.
We can gradually reduce the NAVA level in steps of 0.1-0.2 cm H,0/
uV. No EAdi elevation in response to NAVA level reductions is a
positive indicator. Minimal peak pressure, acceptable tidal volume,
oxygen saturation, minute ventilation and patient comfort should
be used as indicators for withdrawal of ventilatory support. Another
sign is peak pressure minus PEEP, if this number is 10 cm H,O the pt
will be considered to have been ready to be weaned [19]. The simple
monitoring of the EAdi signal without using NAVA mode alone may
also provide the clinician with important information about the status
of diaphragm muscle and to guide ventilator management.

Potential Benefits of NAVA

With NAVA, the patient’s own respiratory demands determine
the level of assistance. EAdi signal and NAVA level titration could be
used to determine the level of respiratory unloading, so NAVA makes
it possible to avoid over or under assistance of the patient and provides
a lung protective mode of ventilation in spontaneous breathing [19-
21].During NAVA, patient and ventilator are synchronized, which may
reduce sedation requirements and improves quality of sleep [22-23].

The EAdi signal is a vital sign for detecting neural breathing
efforts, so NAVA can be used for monitoring of patient’s sedation
while breathing spontaneously [19]. A decrease in EAdi amplitude
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with maintained tidal volumes signifies an important improvement in
respiratory muscle performance. As the patient’s condition improves,
EAdi amplitude decreases, resulting in a reduction in ventilator-
delivered pressure, so NAVA can facilitate physiological weaning
[19,24].Since the diaphragm is consistently activated in NAVA, this may
reduce disuse atrophy [19-20].

Contra indications to using the NAVA mode include: When the
placement of a naso or orogastric catheter is contraindicated and
extremely low(less than 2 uV) to no EAdi signal (use of muscle relaxant
or excessive sedation).

Cautionary Notes on the Use of the NAVA Mode

Patients with extremely high CO? may exhibit uncontrollable
high drive breathing pattern. Sepsis and recovering sepsis patients
may exhibit inappropriate neuroventilatory coupling. Massive blood
transfusions may alter neuroventilatory coupling. Delirium should be
treated before the use of NAVA mode and altered anatomy may not
yield a reliable EAdi signal. Severe ARDS patients may also exhibit high
drive breathing pattern.

Conclusion

From a theoretical point of view, NAVA is a new exciting mode of
ventilation that has been recently introduced into the clinical practice.
Its unique superiority is to rely on EAdi to trigger the inspiratory
phase and to deliver proportional assist in synchrony with the patient’s
neural drive on a breath-to-breath basis. Although we found no direct
evidence from randomized clinical trials that show better patient-
ventilator synchrony with NAVA has resulted in better meaningful
clinical outcomes, it remains a very promising tool both for clinicians
and researchers in the field of critical care. On the other hand, both
less EAdi catheter cost and more availability on multiple ventilators are
needed before widespread application of this mode is anticipated.
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