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New advances in monitoring and triggering of
mechanical ventilation
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Mechanical ventilation has been widely used in intensive
care unit (ICU) to provide adequate air exchange to patients
with respiratory difficulty. It helps patients with a ventilator
that presses air into patients’ lungs at triggering time. As a
key therapy in ICU, mechanical ventilation is of great sig-
nificance in clinical research of respiratory treatment. For
example, simulation research of mechanical ventilation can
be made through dynamics equations of pneumatic system
[1-3]. With improvement of monitoring technique, moni-
toring and triggering of mechanical ventilation system have
become focuses of research of respiratory treatment. Be-
cause of suddenness of respiratory diseases, respiratory pa-
rameters of patients need to be collected and presented
timely and patient-ventilator synchrony of triggering mainly
depends on which respiratory parameter is used to trigger
mechanical ventilation.

For ventilators that are widely used in ICU at present,
several parameters are monitored during mechanical venti-
lator. Flow and pressure are two most important parameters
of patients with mechanical ventilation and main situation
of patients can be reflected on by these two parameters.
However, because flow and pressure of patients’ lungs are
difficult to be monitored directly, present ventilators mainly
obtain data from airway. Considering air leakage of me-
chanical ventilation, traditional monitoring method can be
not very reliable to reflect on states of patients, especially
patients’ need to breathe.

There are mainly two triggering modes for present venti-
lators: control mode and assist mode. In control mode, all
the parameters of ventilators are set stable before mechani-
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cal ventilation and ventilators are triggered automatically
during ventilation. In assist mode, triggering of ventilators
is carried out by flow or pressure of patients. Clinical re-
searches show that flow triggering has less delay triggering
time and takes less work of breathing [4-6]. There are two
main shortcomings of traditional triggering methods. First,
because there is time interval between patients’ urge to
breathe and change of flow and pressure which can be illus-
trated by Figure 1. Second, parameters that are set stable
before ventilation can hardly suit every patient, which
damages patient-ventilator synchrony directly, and bad pa-
tient-ventilator synchrony leads to increase of sedatives and
proportion of cut airway.

Neutrally adjusted ventilator assist (NAVA) is a new
method to monitor and trigger mechanical ventilation sys-
tem that basically overcomes most shortcomings of tradi-
tional monitoring and triggering methods. NAVA uses dia-
phragmatic electromyographic (EMGdi) signals to trigger
ventilators. EMGdi is a weak biological signal generated by
the diaphragmatic during respiration [7,8]. It appears earlier
than the change of both airway pressure and flow. As can be
seen in Figure 1, NAVA uses diaphragmatic contraction to
start ventilation while traditional triggering uses change of
pressure and volume, and as a result, NAVA has less delay
time than traditional triggering. Normal delay time of flow
and pressure triggering is around 80 ms while delay time of
NAVA is around 16 ms [9,10]. There are two ways to ob-
tain EMGdi signals: one way is to put monitoring electrode
onto skin of patients and obtain surface electromyographic
(EMG) signals which are comprehensive results at time and
space of skin surface from electrical activity of muscle un-
der epidermis. The other way is to put monitoring electrode
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Figure 1 Comparison between NAVA and traditional triggering.

into stomach of patients through esophagus and obtain
EMGdi directly.

To summarize, there are both advantages and disad-
vantages of adopting NAVA. Firstly, because EMGdi signal
appears at respiratory nervous system, it’s more representa-
tive to reflect on patients’ real need to breathe. Secondly,
less delay time of NAVA leads to better patient-ventilator
synchrony. Thirdly, NAVA triggering costs less work of
breathe. As for disadvantages, because EMGdi is hard to
obtain in a noninvasive way, it’s difficult to balance effi-
ciency and safety of triggering when adopting NAVA.
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