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Abstract

The purpose of this chapter is to describe the 
following ventilatory modes: neurally adjusted 
ventilatory assist (NAVA), pressure support 
ventilation, bi-PAP mode, and continuous 
positive airway pressure.

The aim is to analyze their main features, 
focusing on their indications, contraindica-
tions, and fields of application.
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Abbreviations

ARDS	 Acute respiratory distress syndrome
BIPAP	 Bilevel positive airway pressure
CPAP	 Continuous positive airway pressure
CPE	 Cardiogenic pulmonary edema
EAdi	 Electrical activity of the diaphragm
FRC	 Functional residual capacity
ICU	 Intensive care unit
IMV	 Intermittent mandatory ventilation
NAVA	 Neurally adjusted ventilatory assist
OSA	 Obstructive sleep apnea
PCV	 Pressure Controlled Ventilation
PEEP	 Positive end-expiratory pressure
PEEPH	 PEEP high
PEEPL	 PEEP low
PSV	 Pressure support ventilation
WOB	 Work of breathing

33.1	 �Introduction

The listed ventilatory modes need to be acknowl-
edged from the clinicians who wish to refine their 
practice in the management of invasive and non-
invasive ventilation.
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Neurally adjusted ventilatory assist is a pro-
portional ventilatory mode that uses the electrical 
activity of the diaphragm to offer a better patient-
ventilator interaction, with a fine proportion to 
the patient effort.

Pressure support ventilation is a form of 
assisted ventilation in which the ventilator pro-
vides a constant pressure during inspiration once 
the patient has made an inspiratory effort.

Continuous positive airway pressure is a spon-
taneous breathing mode that take place at a cer-
tain level of positive pressure maintained 
throughout the whole ventilatory cycle, while in 
bilevel positive airway pressure the circuit 
switches between a high and a low airway pres-
sure level.

33.2	 �Discussion and Analysis 
of the Main Topic

33.2.1	 �Neurally Adjusted Ventilatory 
Assist

Neurally adjusted ventilatory assist (NAVA) is a 
proportional ventilatory mode that uses the elec-
trical activity of the diaphragm (EAdi) to offer 
ventilatory assistance in proportion to the 
patient’s effort, in contrast to all other modes of 
ventilation, which adopt conventional pneumatic 
signals (flow, volume, and airway pressure). The 
diaphragm’s electrical activity is considered the 
best available signal to assess the respiratory 
drive, to trigger on and cycle off the mechanical 
assistance, and to regulate its amount [1].

The motivation that led to the development of 
NAVA mode is essentially the necessity to reduce 
the occurrence of patient-ventilator asynchrony 
in patients receiving mechanical ventilation. It 
has been estimated that 25% of mechanically 
ventilated patients experience asynchrony events, 
increasing the length of ventilatory support [2, 3].

When a patient is not synchronized to the ven-
tilator, this can potentially damage the dia-
phragm, resulting in a loss of force-generating 
capacity [4]. Moreover, when asynchrony is pres-
ent, it is common practice in ICU settings to 

sedate the patient, to further reduce diaphragm 
activity.

In the NAVA mode, the inspiratory signal is 
detected using diaphragmatic electromyography 
through the Edi catheter, which is basically a 
nasogastric tube with miniaturized electrodes 
near the distal tip. The Edi catheter is inserted 
into the esophagus, and the electrodes are posi-
tioned at a level that is adjacent to the dia-
phragm. The values are reported in microvolts 
(μV) (Fig. 33.1).

Triggering of a breath occurs when a deflec-
tion greater than the set threshold (mostly 0.5 μV) 
occurs in the Edi waveform [5].

Delivery of pressure during inspiration is 
based on the strength of the Edi signal and the 
level of NAVA support (“NAVA level”), set by the 
operator together with the PEEP level. The NAVA 
level determines the amount of pressure deliv-
ered by the ventilator in proportion to the Edi. An 
estimated peak pressure that will be delivered 
during the breath is based on the following equa-
tion: [6]

	

NAVA P peak = NAVA level
Edi peak - Edi min + PEEP�� � 	

This means that the final mechanical assist 
delivered by the ventilator in NAVA will be pro-
portional to the neural output as measured by the 
Edi signal: in this way, the support delivered by 
the ventilator is constantly under the control of 
the patient’s respiratory center and corresponds, 
moment by moment and breath to breath, to the 
patient’s ventilatory request.

Furthermore, the clinician has to set two dif-
ferent backup modes: the first one is a pressure 
support ventilation (PSV) that is activated in case 
the Edi signal is lost (e.g., displacement or dete-
rioration of the catheter); the second one is a 
pressure controlled ventilation (PCV) backup 
mode that switches on in case of apnea (e.g., for 
excessive sedation, curarization) [6].

NAVA mode is specifically for use in patients 
who are capable of spontaneous breathing, that 
is, patients who have an Edi signal. Patients with 
the following conditions are excluded from the 
use of the NAVA mode:
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•	 Heavily sedated and/or paralyzed.
•	 Damaged brain center.
•	 Absence of phrenic nerve activity.
•	 Diseases that prohibit neuromuscular 

transmission.
•	 Presence of apnea.

Further limitations are contraindications to 
Edi catheter placement, such as recent gastric or 
esophageal surgery and the presence of esopha-
geal varicose veins.

Compared to other modes, NAVA shows the 
achievement of a better patient-ventilator interac-
tion in terms of number of asynchrony events, but 
the ventilator-related complications (e.g., baro-
trauma, VAP), ICU mortality, ICU stay time, and 
hospital stay time are not significantly reduced, 
while the duration of ventilation can be even lon-
ger when NAVA is compared to PSV [7].

In conclusion, there is no direct evidence from 
human clinical trials that better patient-ventilator 
synchrony with NAVA results in better outcomes, 
but it remains a useful, promising tool.

33.2.2	 �Pressure Support Ventilation

Pressure support ventilation (PSV) is a form of 
assisted ventilation in which the ventilator pro-

vides a constant pressure during inspiration once 
it senses that the patient has made an inspiratory 
effort. Specifically, this ventilation mode is:

–– Patient-triggered: Inspiration begins if a nega-
tive airway opening pressure (pressure-
triggering) or a drop in flow (flow-triggering) 
is detected by the ventilator, of which the cli-
nician has to set the sensitivity; this setting 
determines the patient’s effort (in terms of 
pressure or flow change) that is required to 
trigger the ventilator.

–– Pressure-limited: The ventilator pushes a vol-
ume of gas into the circuit, which leads to a 
rise in pressure until it reaches a certain value, 
set by the clinician.

–– Flow-cycled: The ventilator switches into the 
expiratory phase once the flow has decreased 
to a predetermined value during inspiration, 
usually a certain percentage of the peak inspi-
ratory flow.

While the operator sets the sensitivity level, 
inspiratory pressure (along with PEEP, if needed), 
and flow cycle criteria, the patient establishes the 
rate, inspiratory flow, and inspiratory time. Tidal 
volume is the result of pressure gradient 
(ΔP = Set pressure − EEP), patient effort, respi-
ratory system compliance, and resistance.

Fig. 33.1  Maquet 
Critical Care, NAVA 
monitor [6]
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It is important to recognize that, as a patient-
triggered mode, pressure support should be used 
exclusively in patients with a reliable, steady 
spontaneous respiratory pattern, even though 
more recent ventilators provide backup ventila-
tion (volume-controlled or pressure-controlled 
mandatory ventilation) if apnea occurs during 
PSV.

The role of PSV, alone or combined with other 
modes, is substantially to overcome ventilator 
system resistance and reduce work of breathing 
(WOB) in spontaneous breaths; PSV is the most 
commonly used mode during weaning from 
mechanical ventilation [8, 9].

33.2.3	 �Continuous Positive Airway 
Pressure

Continuous positive airway pressure (CPAP) is a 
spontaneous breathing mode that takes place at 
an operator-determined level of positive pressure, 
which is maintained throughout the whole venti-
latory cycle. No mandatory breaths are delivered: 
CPAP provides patient-triggered and patient-
cycled breaths.

CPAP can be provided as a standalone mode 
or in combination with other modes, like PSV or 
even intermittent mandatory ventilation (IMV). It 
can be applied by mask or via a cuffed endotra-
cheal or tracheostomy tube; it may be provided 
through the ventilator or even using a high-flow 
gas source and a PEEP valve. Portable CPAP 
machines have also been developed for non-acute 
care setting and even in-home use.

With CPAP, the airway pressure is elevated 
during inspiration and expiration. In this way 
CPAP may both reduce the inspiratory WOB 
during spontaneous breathing, improve oxygen-
ation, prevent alveolar collapse and atelectasis, 
and increase FRC and the lung surface area for 
gas exchange.

CPAP setting requires careful hemodynamic 
monitoring, as the augmentation of intrathoracic 
pressure decreases venous return, cardiac output, 
and blood pressure.

The CPAP mode is most commonly used to 
evaluate whether the patient can be weaned from 

the ventilator in spontaneous breathing trials but 
is also applied with the aim of improving gas 
exchange in patients with respiratory failure or 
preventing postoperative atelectasis [10]. 
Moreover, CPAP is considered as a first-line 
strategy in the management of patients with car-
diogenic pulmonary edema (CPE), as it decreases 
the systemic venous return and left ventricle fill-
ing pressure, limiting pulmonary edema; CPAP 
has been proven to decrease the need for endotra-
cheal intubation and hospital mortality in these 
patients [11].

Moreover, very high levels of CPAP for brief 
periods of time (e.g., 40 cmH2O for 40  s) have 
been suggested as a part of recruitment maneu-
vers to open collapsed alveoli in selected patients 
with ARDS.

CPAP could be also used both in hospital and 
home settings, and in the treatment of obstructive 
sleep apnea (OSA): noninvasive CPAP delivered 
by oral or nasal mask at pressures in the range of 
4–20 cmH2O forces air into the upper airways to 
prevent soft tissues from collapsing, airway 
obstruction, and apnea [12]. If a CPAP of 20 
cmH2O fails to adequately control OSA, BIPAP 
may be employed.

33.2.4	 �Bilevel Positive Airway 
Pressure

Bilevel positive airway pressure (BIPAP) is 
another form of pressure ventilation in which the 
circuit switches between a high and a low airway 
pressure level in an adjustable time sequence.

The main operator controls are:

–– FiO2.
–– PEEPH: High pressure level, set to achieve an 

inspiratory pressure of 5–15  cmH2O above 
PEEPL and titrated to achieve adequate venti-
lation and reduced work of breathing.

–– PEEPL: Low pressure level, initially set in the 
range of 5–10 cmH2O and titrated to achieve 
desirable oxygenation, minimizing patient 
discomfort.

–– TH: Length of time at PEEPH.
–– TL: Length of time at PEEPL.
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–– Pressure support: Additional ventilator sup-
port can also be added in the form of PS at 
both pressure levels to augment the patient 
effort and can be left at 0 if no additional pres-
sure is needed.

Inspiration is typically patient triggered; ven-
tilation can be flow or time cycled. It is com-
monly used as a NIV mode through an oral or 
nasal mask, but it is often applied to intubated or 
tracheostomized patients.

Even though inspiration is patient triggered, 
the BIPAP mode cannot be considered as a pure 
assisted ventilation, since the transition between 
PEEPL and PEEPH inevitably generates a man-
datory inspiration, similar to a PCV. During the 
mandatory inspiration, in opposition to PCV in 
which the expiratory valve is closed, the patient 
is able to exhale anytime. Similarly, when the 
pressure level changes from PEEPL to PEEPH, it 
provokes an expiration.

During the phases with no change in pressure 
level, technically the patient is essentially receiv-
ing a CPAP, with an established pressure value, 
high or low.

Conclusively BIPAP is a combination of a 
pressure-controlled ventilation and an assisted 
ventilation and, thanks to its diversified charac-
teristics and setting chances, its fields of appli-
cation are wide both in ICUs and non-critical 
settings for the treatment of acute or chronic 
respiratory failure linked to difference etiolo-
gies [13].

33.3	 �Conclusion Discussion

The ventilatory modes debated in this chapter 
offer a wide range of application in different clin-
ical scenarios. Even if there is no direct evidence 
that better patient-ventilator synchrony with 
NAVA results in better outcomes, it remains a 
useful and fascinating tool. Instead PSV has a 
clear and established role in reducing WOB in 
spontaneous breaths, being frequently chosen for 
trials of weaning from mechanical ventilation, 
similarly to CPAP. Besides CPAP improves oxy-
genation, prevents alveolar collapse and atelecta-

sis, and increases FRC and the lung surface area 
for gas exchange; furthermore CPAP is consid-
ered a first-line strategy in the management of 
patients with CPE, being able to decrease the 
need for endotracheal intubation and hospital 
mortality in these patients.

Key Major Recommendations
•	 If asynchrony occurs, NAVA is an advanta-

geous tool to provide a better ventilator-patient 
interaction.

•	 PSV can be properly used in trials of weaning 
from mandatory ventilation.

•	 CPAP should be considered in the first place 
in CPE or OSA patients.

•	 If CPAP fails in case of OSA, BIPAP should 
be contemplated.
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