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Summary

The use of noninvasive ventilation (NIV) is common in adult acute care. As evidence to support the
use of NIV has developed, there has been a concurrent proliferation of NIV technology. Efforts have
been made to improve patient–ventilator synchrony, monitoring capabilities, and portability of
devices used to deliver NIV. The technological enhancements provide clinicians with myriad modes,
settings, and capabilities designed to improve patient adherence with NIV. Although this technology is
generally superior to that of the past, a great deal of variation exists between devices. Clinicians need to
be accustomed to the devices available to them to maximize the potential for clinical improvement and
patient tolerance. The purpose of this paper is to review current technology, current literature com-
paring devices, and various clinical considerations associated with NIV use in adult acute care. Key
words: noninvasive ventilation; acute respiratory failure; noninvasive ventilator; bi-level; ventilator; mechan-
ical ventilation; NIV. [Respir Care 2019;64(6):712–722. © 2019 Daedalus Enterprises]

Introduction

Noninvasive ventilation (NIV) is a common modality
used to treat acute respiratory failure in adult patients.1

The evidence supporting the use of NIV in various disease
processes, such as acute cardiogenic pulmonary edema
and exacerbations of COPD, is strong.1,2 Many studies
have examined outcomes in terms of cost, morbidity, and
mortality associated with the use of NIV, but the focus has
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primarily been on disease processes.1,2 It is likely that
equipment used to provide NIV, such as ventilators, plays
a role in the overall success or failure of NIV.3,4

Early devices used for NIV utilized volume-targeted modes
to deliver positive pressure.3 While helpful, these devices had
profound limitations, namely, little or no ability to compen-
sate for leaks, lack of an internal oxygen blender, and limited
monitoring capabilities.1,3,4 The absence of leak compensa-
tion alone has been associated with NIV failure due to pa-
tient–ventilator asynchronies, such as trigger and cycle asyn-
chrony.3 The lack of internal oxygen blenders made it hard to
achieve desired FIO2

, while the lack of proper monitoring
capabilities posed a potential patient safety risk.

As the literature support for NIV has evolved, so has the
technology. Modern NIV support devices now have clin-
ical features designed to improve the likelihood of NIV
success. The purpose of this paper is to review current
technology and various clinical considerations associated
with NIV use in adult acute care.

NIV Versus CPAP

NIV differs from CPAP in that NIV provides 2 levels of
pressures. During NIV, pressure increases during the in-
spiratory phase of the breath and returns to an elevated
baseline during exhalation. The pressure increase during
the inspiratory phase augments tidal volume, thus improv-
ing gas exchange and unloading respiratory muscles.1,3

During CPAP, pressures are elevated above atmospheric
pressure but remain constant throughout both the inspira-
tory and expiratory cycle of a breath. CPAP increases
functional residual capacity and mean airway pressure, but
does not unload inspiratory muscles like NIV.

NIV Terminology

Terminology associated with the pressures in NIV is not
uniform and may vary from device to device. During the
inspiratory phase of the breath, the pressure setting is com-

monly termed inspiratory positive airway pressure (IPAP).
IPAP is common terminology used to describe a setting on
devices specifically designed to deliver NIV, and it is similar
to pressure support on a critical care ventilator. During expi-
ration, the pressure setting on devices designed primarily for
NIV is termed expiratory positive airway pressure (EPAP).
EPAP is similar to PEEP on a critical care ventilator.

Understanding the differences in device terminology is
clinically important (Table 1). For example, the setting of
10 cm H2O of IPAP and 5 cm H2O of EPAP on NIV
devices results in a pressure support level of 5 cm H2O.6

The peak inspiratory pressure in this case is 10 cm H2O.
On a critical care ventilator, 10 cm H2O of pressure sup-
port and 5 cm H2O of PEEP results in a peak inspiratory
pressure of 15 cm H2O (Fig. 1). In this example, the in-
spiratory support from the critical care ventilator would be
5 cm H2O more than the NIV device.

NIV Technology

There have been many attempts to classify devices uti-
lized to deliver noninvasive ventilatory support; however,
the terminology is varied, and there is no consensus agree-
ment in the literature. Scala and Naldi3 classified these
ventilators into 3 categories: bi-level ventilators, interme-
diate ventilators, and ICU ventilators (referred to as criti-
cal care ventilators in this paper). This is similar to other
attempts in the literature and textbooks related to respira-
tory and critical care medicine.6-8 The 3 categories attempt
to place these devices into groups that define their com-
monalities, like circuit configurations (Fig. 2). For exam-
ple, bi-level ventilators have a single-limb configuration
with a leak port, whereas critical care ventilators have
dual-limb circuits with an expiratory valve, and interme-
diate ventilators may have either configuration.1 Due to
the advancements in technology over the last 20 years, it
is becoming increasingly more difficult to clearly discern
one device category from the other. Bi-level ventilators,
originally designed specifically for NIV, now have modes

Table 1. Ventilator Terminology and Clinical Changes

Setting Change Clinical Changes

IPAP/Pressure Support Increase Increase tidal volume, increased ventilation/decreased PaCO2

IPAP/Pressure Support Decrease Decrease tidal volume, decreased ventilation/increased PaCO2

EPAP/PEEP Increase Increased PaO2
, decreased tidal volume (on bi-level ventilator);

improve triggering if air-trapping is present
EPAP/PEEP Decrease Decreased PaO2

, increased tidal volume (on bi-level ventilator)
FIO2

Increase Increased PaO2
, SaO2

, SpO2

FIO2
Decrease Decreased PaO2

, SaO2
, SpO2

IPAP � inspiratory positive airway pressure
EPAP � expiratory positive airway pressure
Adapted from Reference 5.
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capable of delivering positive pressure invasively. Con-
versely, critical care ventilators, originally designed for in-
vasive mechanical ventilation, now have modes capable of
delivering positive pressure noninvasively. Intermediate ven-
tilators, used primarily for transport and home care, also have
the ability to support patients invasively and noninvasively.

Bi-Level Ventilators

Bi-level ventilators are configured with a single-limbed
circuit and are designed to operate in the presence of a
leak. Due to the absence of an expiratory valve, the leak

serves to flush the circuit of exhaled gases through a leak
port located either in the circuit or the interface. This
flushing of the circuit reduces the likelihood of rebreathing
carbon dioxide that can accumulate within the interface or
the circuit.9

The potential for rebreathing in a single-limbed circuit
is particularly high in the presence of a high minute vol-
ume. When patients exhale more than the capacity of the
leak port to flush the system, rebreathing can occur.1,6 The
risk of rebreathing can be mitigated by elevating the base-
line expiratory pressure, using a plateau exhalation valve,
and leak port placement in the mask.6,10 In some bi-level
ventilators, expiratory pressure cannot be set � 3 or
� 4 cm H2O to assure that the circuit is adequately flushed.
The newest generation of bi-level ventilators allows the
user to input the interface being used during NIV. This
feature allows the device to identify intentional versus
unintentional leaks so that the flow can be adjusted to
maintain desired performance.1,6 Bi-level ventilators, due
to the lack of a dedicated exhalation limb, require inter-
faces with anti-asphyxiation valves in the event of device
failure. This allows the patient to breathe fresh gas until
the mask is removed or the device failure is resolved.

Like their critical care counterpart, modern bi-level ven-
tilators have several modes, numeric monitoring displays,
scalar graphics, alarm parameters, and internal oxygen
blenders.4 Estimates of tidal volume and leak are made
through algorithms specific to the device. Although the
accuracy of these algorithms has not been well studied,
these devices have been reported to work properly in the
presence of leaks.

The amount of acceptable leak that each device can
tolerate is not known. What is known is that a significant
leak can result in improper device function, such improper
trigger or cycle. Thus, it stands to reason that leaks that
result in trigger or cycle asynchrony are unacceptable.

Bi-level devices may be equipped with internal or ex-
ternal battery sources that allow for intra-hospital trans-
port. Some bi-level ventilators can provide ventilatory sup-
port through endotracheal and tracheostomy tubes.

Critical Care Ventilators

As mentioned previously, critical care ventilators were
originally designed to deliver invasive positive pressure.
The circuit on a modern critical care ventilator is dual-
limbed, with an inspiratory and expiratory limb. The risk
of rebreathing exhaled gases is less because of the expi-
ratory limb and valve.

Critical care ventilators were historically very poor at
providing NIV.3 The newer generation of these devices are
now equipped with modes specifically designed to be used
for the application of NIV. These modes are not unique per
se, but they permit the mechanical ventilator to automat-

Pressure
support

10 cm H2OIPAP

10 cm H2O

PEEP 

5 cm H2O

EPAP 

5 cm H2O

A B

Fig. 1. A: Example of bi-level ventilator settings: peak inspiratory
pressure 10 cm H2O and pressure support 5 cm H2O. B: Example
of critical care ventilator settings: peak inspiratory pressure
15 cm H2O and pressure support 10 cm H2O. IPAP � inspiratory
positive airway pressure, EPAP � expiratory positive airway pres-
sure. From Reference 5.
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Fig. 2. Circuit configurations for noninvasive ventilation. From Ref-
erence 1.
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ically compensate for leaks. These NIV modes may also
deactivate some alarm parameters that are unnecessary
and even problematic.4 Critical care ventilators, because of
their active expiratory valve, do not require an anti-as-
phyxiation valve in the interface. With that said, it is in-
cumbent upon the clinician to properly set device alarms
to detect any malfunctions.

Intermediate Ventilators

Intermediate ventilators are most often associated in the
literature with transport and home use. These devices may
have single or dual-limbed circuit configurations; single-
limbed circuits have either an active exhalation valve near
the patient or a passive leak similar to bi-level devices.
Current intermediate ventilators have various modes that
are pressure- or volume-targeted. Some devices may also
be equipped with specialty modes like average volume-
assured pressure support (AVAPS, Philips Respironics,
Murrysville, PA) and intelligent volume-assured pressure
support (iVAPS, ResMed, San Diego, CA).6

Review and Evolution of the Literature Comparing
Devices

There have been many attempts to better understand
how ventilators perform while delivering positive pressure
via a noninvasive interface. These studies have evaluated
different technical aspects of NIV device performance,
including trigger performance, rate of pressurization in
pressure-targeted modes, response to system leaks/leak
compensation, performance of device algorithms, patient–
ventilator asynchrony, and interface–device performance.11

In 2007, Vignaux et al12 tested 8 critical care ventilators,
commonly available at the time, using a bench model.
Their model used a plastic head to mimic a spontaneously
breathing patient on NIV. Parameters associated with the
pressure support mode of ventilation were evaluated in the
presence and absence of leak such as triggering, pressur-
ization, and inspiratory:expiratory cycling. Despite several
admitted limitations to their study, they noted that leaks
interfered with many key critical care ventilator functions,
such as increased trigger delay, decreased pressurization,
and cycle delay. NIV-specific modes partly or totally al-
leviated the issues associated with leaks, but there was a
wide degree of variability among devices.12

In a review article in 2008, Scala and Naldi3 noted that
clinicians should understand NIV device performance be-
cause patient–ventilator asynchrony and discomfort could
be a result of inadequate settings. Upon their review of the
available literature at the time, they noted that devices
specifically designed for NIV and critical care ventilators
with NIV modes offer advantages over their predecessors.
Bi-level ventilators demonstrated comparable performance

capabilities with regard to trigger, pressurization rate, in-
spiratory work, cycling, and response to ventilatory de-
mands when compared to critical care ventilators. Newer
critical care ventilators with NIV modes had superior per-
formance to older critical care ventilators in bench stud-
ies.3

In a 2009 bench study, Ferreira et al13 compared the
performance of 9 critical care ventilators to a bi-level ven-
tilator in the presence of leaks. The authors noted that as
leak increased, all ventilators except one critical care ven-
tilator and the studied bi-level ventilator required param-
eter adjustment to maintain synchrony. During this se-
quential leak increase, some ventilators transitioned to
backup ventilation. They noted that all of the studied ven-
tilators could deliver NIV in the setting of low-level leaks.

In 2010, Vignaux et al14 evaluated the impact of NIV
algorithms on patients on critical care ventilators receiving
NIV for acute respiratory failure. In this prospective, ran-
domized, crossover study conducted in 3 different univer-
sity hospitals, the study team measured various parameters
with the NIV mode ON and OFF, each for 30 min, respec-
tively. They found that the asynchrony index (ie, the ratio
of the number of asynchrony events divided by total breath-
ing frequency) was not different between the ON and OFF

groups. However, they did note that auto-trigger was lower
and there were fewer ineffective efforts with the NIV mode
ON. The NIV algorithm was also associated with a decrease
in late cycling. The study authors concluded that NIV
algorithms were helpful in decreasing some asynchronies
caused by leaks, but the algorithms did not necessarily
eliminate asynchronies overall. They also noted that these
results could be due to the varying approaches manufac-
turers have toward improving patient–ventilator asyn-
chrony.14

Carteaux et al15 conducted both a bench study and a
clinical study to evaluate patient–ventilator asynchrony dur-
ing NIV. During the bench study, they assessed the impact
of inspiratory and expiratory leaks on cycling and trigger-
ing on 19 different ventilators. The ventilators included in
the study consisted of critical care ventilators, transport
ventilators, and dedicated NIV ventilators. They found that
dedicated NIV ventilators outperformed other devices in
terms of patient–ventilator asynchrony. The authors noted
that this was the case even when NIV algorithms in the
critical care ventilators were ON. They also reported that
critical care and transport ventilator NIV algorithms be-
haved differently in terms of patient–ventilator synchroni-
zation in the presence of leaks. Because of this, they sug-
gested that device capabilities should be considered
individually. Also, the asynchrony index was lower with
NIV dedicated ventilators compared to critical care venti-
lators with NIV algorithms ON or OFF. The authors con-
cluded that, even though critical care and transport venti-
lator NIV algorithms do improve synchronization, NIV
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dedicated ventilators outperformed critical care ventila-
tors.15

Using a lung simulator, Oto et al16 evaluated the impact
of system leaks on 7 critical care ventilators and 1 bi-level
ventilator. The lung simulator was set to mimic a patient
with ARDS and COPD. All ventilators were compared
during increasing and decreasing system leaks. They found
that 3 critical care ventilators in NIV mode and the bi-level
ventilator synchronized to all leaks in both the ARDS and
COPD model. Only the bi-level ventilator and 1 critical
care ventilator maintained synchrony in all leak scenarios
without adjustment of trigger and cycle criteria. They con-
cluded that leak, lung mechanics, and PEEP influence ven-
tilator performance. Like Scala and Naldi,3 the authors
noted that clinicians should be aware of variables that
impact ventilator performance.

In 2014, Nakamura et al17 sought to determine whether
critical care ventilators were able to compensate for large
leaks associated with some models of total face mask NIV
interfaces. During this bench study, 8 critical care venti-
lators and 1 bi-level device were tested. All devices were
tested at 2 levels of PEEP and at 3 levels of pressure
support. Of the 8 critical care ventilators, 4 were consid-
ered nonoperational due to device interpretation of discon-
nection and auto-triggering. Only 1 critical care ventilator
and the bi-level ventilator worked properly in the setting
of large leaks. In the absence of leaks, all ventilators per-
formed adequately. The authors concluded that most crit-
ical care ventilators were unable to deliver NIV with total
face mask interfaces because of the large leak.17

In bench and clinical studies to date, bi-level ventilators
have generally outperformed critical care ventilators in the
presence of leaks. It should be noted, however, that these
studies have shown that some critical care ventilators per-
form well and comparatively to bi-level ventilators under
these circumstances. This underscores 2 very important
points: First, devices capable of delivering NIV should be
evaluated individually, not as a group, because their ca-
pabilities are manufacturer specific. Second, individuals
responsible for initiating and managing NIV should be
well-trained on the nuances that exist between devices.

In addition, some newer critical care ventilators have
not yet been evaluated. It is possible that further techno-
logical advances have improved equipment performance,
but this cannot be assumed. More bench and clinical stud-
ies are warranted to inform clinicians how to achieve top
performance of their device and to drive purchasing deci-
sions. Although bench studies serve a purpose, we must
use caution in interpreting their results. Olivieri et al18

noted that several bench studies have had inconsistent and
even conflicting results. They suggest a more standardized
approach to experimental settings and measurement crite-
ria to improve the interpretation of results from bench

studies. Further, they add that a more uniform terminology
regarding NIV is needed.

Moving forward, larger clinical studies that compare
critical care ventilators to bi-level ventilators are needed
help us understand if a true clinical benefit of one versus
the other exists. This would be challenging and compli-
cated by variables such as NIV interface, disease process,
and severity of illness, which would make the results dif-
ficult to interpret.3 Until we better understand whether a
true difference exists between devices, clinicians will have
to choose devices based on types of ventilation needed
(invasive vs noninvasive), modes, leak-compensation abil-
ities, trigger/cycle settings, monitoring capabilities, porta-
bility, cost, and familiarity with the device.1

Clinical Considerations

Types of Ventilation

Categorizing bi-level, critical care, and intermediate ven-
tilators is becoming more challenging because they all
possess similar abilities. Bi-level ventilators now have the
ability to provide invasive mechanical ventilatory support,
as do intermediate ventilators. Some critical care ventila-
tors can provide effective noninvasive ventilatory support,
similar to the intermediate and bi-level ventilators. All
3 categories of devices may be capable of use during trans-
port, although devices designed with internal compressors
(eg, turbine or piston) may be better suited for this appli-
cation. Clinicians may need to decide whether the modes
and leak-compensation abilities of the device they are
choosing are suitable for the clinical need. If the patient’s
condition is complex and requires advanced ventilatory
support and monitoring, critical care ventilators may be
advantageous. If leaks are prevalent, bi-level ventilators
may be advantageous.

Modes

Mode terminology may vary between devices, but pres-
sure support is the most common mode in NIV.1 Pressure
support allows the patient to have variability in inspiratory
time and flow, which may improve patient–ventilatory syn-
chrony. Set inspiratory times, like in pressure control
modes, may result in cycle asynchrony. As mentioned pre-
viously, clinicians need to understand the behavior of pres-
sure support and PEEP on their devices because these may
differ between critical care, bi-level, and intermediate ven-
tilators.

On bi-level devices, a common mode is spontaneous/timed
(S/T). This mode allows patients to breathe spontaneously,
with a backup rate set for safety. During mode activation,
the IPAP, EPAP, breathing frequency, inspiratory time,
rise time, and oxygen settings are input by the clinician.
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When a patient triggers a breath spontaneously, these de-
vices use internal trigger and cycle algorithms to start and
stop the breath. If the patient fails to trigger a breath above
the set time interval (determined by the frequency) the
device will trigger a breath. In this case, the breath will
cycle by the set inspiratory time. The set inspiratory time
is only activated during a device-triggered breath.

Other modes such as AVAPS, neurally-adjusted venti-
latory assist (NAVA), and proportional assist ventilation
(PAV) have also been used to provide NIV. In AVAPS,
the level of pressure support adapts to deliver an aver-
age tidal volume. This is a form of volume-targeted
adaptive pressure control. The clinician sets tidal vol-
ume, minimum/maximum inspiratory pressures, base-
line pressure (EPAP), FIO2

, breathing frequency, and rise
time.

In 2017, Ciftci et al19 evaluated the use of AVAPS in
COPD subjects with acute hypercapnic respiratory failure.
They placed 106 subjects with COPD on AVAPS and
found that 81 (76.4%) of them were successfully treated.
The failure group included subjects who subsequently re-
quired invasive mechanical ventilation or died after being
initially placed on AVAPS. It should be noted that the
AVAPS failure group had a lower mean pH (7.26 � 0.02)
and a lower PaO2

/FIO2
ratio (165 � 16.1) at baseline (P � .08

and P � .01, respectively). Subjects in the failure group
also had a lower Glasgow Coma Scale score, higher breath-
ing frequency, higher coronary artery disease history, and
higher APACHE II scores. PaCO2

was not different be-
tween groups. The authors concluded that AVAPS may be
effective in treating patients with acute hypercapnic respi-
ratory failure due to COPD. They also noted that treatment
response in the first 2 h may indicate NIV effectiveness.
These results should be interpreted with caution because
this study did not compare AVAPS with standard NIV. It
is possible that similar percentages of subjects would have
been successful on standard NIV.

Gursel et al20 also evaluated AVAPS in the setting of
hypercapnic respiratory failure. They compared AVAPS
to a newer mode with auto-titration called AVAPS-AE.
While similar to AVAPS, AVAPS-AE also measures up-
per airway resistance and adjusts EPAP to maintain airway
patency. The investigators sought to evaluate the reduction
of PaCO2

and ICU length of stay in subjects treated with
these modes. Interestingly, they found that the AVAPS-AE
group had a larger decrease in PaCO2

, in a shorter amount
of time, compared to the AVAPS group (7 � 7 mm Hg,
2 � 5 mm Hg, P � .03). There was no difference in ICU
length of stay. The authors concluded that AVAPS-AE
offers additional benefits over AVAPS by reducing PaCO2

more rapidly. Although these results are promising, con-
cern remains that adaptive pressure support modes may
increase work of breathing when ventilatory support is
reduced. Further studies are needed to better understand if

adaptive support modes offer any real advantage over stan-
dard NIV in the setting of acute respiratory failure.

NAVA uses a diaphragmatic electromyography signal,
measured by a specialized nasogastric tube with electrodes
placed adjacent to the diaphragm, to control delivery of the
breath.22 The inspiratory assist from NAVA is propor-
tional to a patient’s own breathing efforts. Case reports
and clinical investigations have shown that NAVA is ef-
fective at improving patient–ventilator synchrony via oro-
nasal and helmet interfaces.1,21-23 The specialized NAVA
catheter, however, can be cost-prohibitive.1 More studies
are needed to understand how NAVA can improve pa-
tient–ventilator synchrony and impact outcomes such as
need for intubation and mortality.

PAV is a mode of ventilation that also generates pres-
sure in proportion to patient effort.21 PAV operates by
making calculations regarding resistance, compliance, and
work of breathing and adjusts support to a level set by the
clinician.21,24 Vijayaraghavan et al24 conducted a system-
atic review and meta-analysis of clinical trials comparing
invasive PAV, noninvasive PAV, and PAV� in critically
ill subjects. They identified 4 trials that evaluated PAV as
an initial mode for NIV. They found that, compared to
CPAP, noninvasive PAV did not affect intubation rate in
subjects with acute cardiogenic pulmonary edema. They
did find that PAV, when compared to pressure support,
was reported to be more comfortable, had a lower refusal
rate, and had fewer complications.25 The authors noted
that, although noninvasive PAV may have a positive im-
pact on outcomes like comfort, more research is needed to
understand the role of noninvasive PAV in acute respira-
tory failure.24 Due to the overall lack of high-quality clin-
ical trials, PAV cannot be recommended in place of tra-
ditional NIV modes in all patients. It appears PAV may be
best suited for patients who are intolerant of traditional
NIV modes. Further, more studies are needed to determine
what impact, if any, leaks may have on adherence and
resistance calculations that are used to determine the level
of support provided to the patient.

Leak Compensation

One of the main causes of NIV failure is leak.25 Mini-
mizing leak through properly fitting interfaces and com-
pensating for unintentional leak is a high priority for any
clinician utilizing NIV. Unfortunately, bi-level and critical
care ventilators are not uniform in their ability to properly
perform in the presence of leaks. A clinical competency
program meant to improve NIV utilization should include
a comprehensive review of the devices used to deliver
NIV, so that clinicians understand leak compensation ca-
pabilities of their devices.
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Trigger/Cycle

Some devices require clinicians to manually input trig-
ger and cycle criteria. Certain bi-level devices do not re-
quire clinicians to adjust these settings because they are
auto-adaptive, based on an internal algorithm. Newer de-
vices are generally flow-triggered, which has been reported
to improve trigger delays.26 Some devices use arbitrary
units for trigger sensitivity, which may make identifying
proper settings rather difficult.26 Although the best way to
set trigger sensitivity on NIV is not yet known, it is rea-
sonable to set the device as sensitive as possible without
causing auto-triggering (ie, inadvertent triggering of a
breath). Clinicians should closely monitor for auto-trigger-
ing in the presence of increased leak.

On critical care ventilators, the cycle criteria on pressure
support is set as a percentage of peak inspiratory flow. In the
presence of a profound leak in pressure support, the cycle
criteria may need to be adjusted to a higher percentage to
allow the breath to cycle to expiration. Cycling criteria may
be auto-adaptive on bi-level ventilators and require no ad-
justment, but in the presence of a profound leak, auto-adap-
tive algorithms may fail to cycle the breath to exhalation. If
this occurs, a backup safety system will cycle the breath to
exhalation after a set time (eg, 3 s) at IPAP. The cycle setting
on pressure control modes of NIV is the inspiratory time.

Monitoring Capabilities, Portability, Cost, and
Familiarity

Bi-level and critical care ventilators have sophisticated
monitoring and alarm functions. These allow clinicians to
assess scalar graphics and monitor pressures (high and
low), breathing frequency, tidal volumes, and degree of
leak. Theoretically, this should improve patient–ventilator
synchrony and safety.27 These devices can also interface
with a hospital’s alarms and electronic information sys-
tems. While NIV is generally initiated and utilized in emer-
gency departments and ICU environments, it is being increas-
ingly utilized in general wards.28,29 The remote monitoring
capabilities may allow facilities to utilize NIV on general
care wards safely, although this has not been well studied.
Until factors that ensure safety during NIV use outside of the
emergency department and ICU setting for the treatment of
acute respiratory failure are well studied, this practice should
be avoided or, at a minimum, done so sparingly.28

Portability of these devices is important because pa-
tients frequently require transport while on NIV. Transport
could be intra-facility (eg, emergency department to ICU,
ICU to radiology, ICU to operating room), to other hos-
pitals, or even to home. Clinicians should be aware that
there is significant variability in battery life among bi-
level and critical care ventilators. Some devices have in-

ternal batteries, while others have internal batteries with
optional external batteries available. Battery life may also
be shortened significantly when a compressor is in use.30

Device cost may influence the use of bi-level or critical
care ventilators in the ICU setting. In general, bi-level ven-
tilators cost less than critical care ventilators, although exact
numbers to support this statement are difficult to ascertain.4,27

Familiarity with the device and its adjuncts, such as
mask interfaces and humidifiers, cannot be overstated. Cli-
nicians should be well trained on the use of appropriately
sized mask interfaces to avoid leaks, facial skin break-
down, and overall discomfort while utilizing NIV. Humid-
ity may also be helpful to prevent airway dryness when
NIV is utilized. Humidity delivered at 100% relative hu-
midity at 30°C is probably sufficient because higher tem-
peratures (37°C used in invasive mechanical ventilation)
may be intolerable. Further, heat and moisture exchangers
are not recommended for use during NIV.1,31

Summary

There are many types of devices capable of delivering
NIV in adult acute care. Clinician proficiency with NIV
devices is crucial to the successful application of the modal-
ity. Clinicians need to be aware of the different terminology,
performance characteristics, and capabilities that exist in the
devices at their disposal. Clinical training programs for NIV
should include specific information about device modes, set-
tings (eg, inspiratory and baseline pressure, trigger/cycle set-
tings, rate, alarms), monitoring capabilities, and portability.
More studies are needed to evaluate the performance char-
acteristics and capabilities of newer devices.
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Discussion

MacIntyre: I want to return to a
topic we got into a little bit yesterday.
In your search of the literature, did
you ever come across anything that
describes the respiratory assist device,
or so-called RAD?

Scott: I will be honest with you,
yesterday was the first time I heard
the term RAD.

MacIntyre: I rest my case!

Davies: One of the problems that
we have in our institution is that, if we

extubate a COPD patient to NIV in
the ICU on a critical care ventilator,
they subsequently get transferred to
the step-down unit where our venti-
lator of choice is the V60. Now inspira-
torypressure is referenced toatmosphere
(as opposed to PEEP on the critical care
ventilator), and that same inspiratory
pressure results in a smaller distending
pressure. I don’t know how many times
I’ve heard, “Hey, we’ve transferred this
patientoutand they’rehavingsometrou-
ble,” and that’s the reason—the same
settings resulted in a decreased distend-
ing pressure. My question is, other than
the Dräger, where when you turn it on
auto-flow it references the inspiratory

pressure to atmosphere, are there other
critical careventilators thathave theabil-
ity to reference inspiratory pressure to
atmosphere?

Scott: The Dräger is the only criti-
cal care ventilator that I am aware of
that does that. In terms of the inspira-
tory pressure, the Dräger is very sim-
ilar to the V60, but devices like the
PB840 or PB980 are much different.
A 10/5 cm H2O in one device is def-
initely not 10/5 cm H2O in the other
device. I don’t think it really matters
which device you have, as long as you
understand the differences between
them.
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Piraino: It’s even more complicated
than that. With the Dräger, for exam-
ple, if you’re using pressure support
in NIV mode, it’s delta pressure above
PEEP. But if you’re using one of the
control modes with a set breathing fre-
quency, it’s now the inspiratory pres-
sure, which is similar to IPAP.

Scott: Over the years, I have been
privileged to teach a lot of folks NIV
and I have found that very few people
are aware of issues such as this. Hon-
estly, they are often surprised by it. I
think this is one of the limitations we
have in having so much variability be-
tween devices; people just don’t know
how devices perform.

Hill: Brady [Scott], great job first of
all. I can tell you put a lot of time and
effort into this. Having fiddled around
in this field for a while now, I would
consider what you’ve seen since you
started in 2007 as the modern era. But
this goes back decades before that, and
it is remarkable how far we’ve come.
The first BPAP (bi-level positive air-
way pressure) device, although it ac-
tually worked probably as well as the
AVAPS-AE (average volume-assured
pressure support with auto-expiratory
positive airway pressure) mode you
showed us, was a timed mode without
any patient-triggering capabilities.

Scott: Time-triggered or cycled?

Hill: It was both, so basically a pres-
sure control mode. But anyway, the
original BPAP in response to leak
would go on 3-s inspiratory and would
then automatically cycle back to ex-
piratory, so you’d find patients who
were getting 3 s of inspiratory, and a
microsecond of expiratory, and then
another 3 s of inspiratory. They would
still get ventilated somewhat.

Scott: Sounds like noninvasive
APRV (airway pressure release ventila-
tion).

Hill: Exactly, it was noninvasive
APRV. Obviously the modern devices
do much, much better, and the algo-
rithms today are incredible in how well
they match patient effort even in the
face of substantial leak, which has been
such a huge challenge to synchrony in
NIV. They really have come a long
way. Now we have this vast array of
different approaches, and the termi-
nology differences are very confus-
ing; we have bells and whistles that
may or may not be very meaningful. I
think it’s really important for us to
keep our goals in mind—what are we
trying to achieve with NIV? Usually
there’s a physiological target; pressure
support modes during NIV are ad-
justed to a target patient breathing fre-
quency and tidal volume. Achieving
good synchrony and gas exchange tar-
gets are goals, too. But with NIV, sub-
jective responses like alleviation of re-
spiratory distress and achieving
tolerance are particularly important
goals. I think prioritizing goals is re-
ally important, and it’s hard to get at
that in these bench studies. Ventilat-
ing patients safely is also on the list.
In this context, a lot of the changes
and new modes that we’ve seen on
NIV ventilators have not been shown
to achieve goals better than earlier de-
vices. If something lowers the CO2 a
little faster—say, lowering it more than
a comparator device at 30 min but not
at 60 min—it probably doesn’t mean
anything. However, we do have to be
concerned about the human aspect,
too. A problem I’ve run into over the
years is that we need human interven-
tion to optimize the settings after ini-
tiating NIV, and it often doesn’t hap-
pen. I think that’s where some of these
automatic modes have an advantage;
they can make sure that you’re achiev-
ing certain targets rather than have to
rely on humans to come back and make
further adjustments.

Scott: I think one of the underap-
preciated advantages of some of the
NIV ventilators that are available to-

day are the blenders that allow us to
give O2 the way we want to, versus
the bleed-in systems of the original
generation.

Hill: That’s a good point, I agree
entirely.

Scott: You couldn’t use it on some-
body in hypoxemic respiratory failure
because we couldn’t get the FIO2

that
was needed. Now we have the ability
to provide 100% oxygen and have
these very nice leak compensation and
trigger abilities that, in some cases,
don’t even require adjustments by the
clinicians.

Hill: Right, it was really the Vision
that brought that.

Scott: It was a game-changer.

Davies: You commented on a cou-
ple of new modes. Proportional assist
ventilation (PAV) for starters—my ex-
perience is that you can’t use it with
NIV because leaks will interfere with
its algorithm. So I was interested to
hear about that study. Were they able
to use it with NIV successfully on the
PB840 or PB980?

Scott: The version that I’m most fa-
miliar with is on the V60, it’s called
PPV (proportional pressure ventila-
tion). I’m assuming that’s the closest
to PAV, or a similar concept?

Davies: Yes, my understanding is
that it is a different algorithm.

Hill: It’s the pressure-limited ver-
sion of PAV, and it is proprietary to
Respironics. Dean Hess, Peter Gay,
and I did a study1 on that and it actu-
ally works great with NIV. The algo-
rithm handles leaks similar to the way
that it does with standard BPAP and it
wasn’t a problem. The earlier PAV,
the version that Magdy Younes first
developed, had some issues with that
and probably wouldn’t have worked
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with NIV very well. It had the “run-
away phenomenon” where pressure
and flow would rise excessively in re-
sponse to leak. But there were subse-
quent algorithms built in to take care
of that. The study we did compared it
to the 7200 as insisted upon by the
FDA. The PAV mode proved to be
more comfortable than pressure sup-
port on the 7200, but of course that
was a low bar. The PAV mode worked
well then and continues to work well
for NIV. However, does it work de-
monstrably better than a sophisticated,
properly adjusted pressure support
mode, especially with regard to out-
comes like avoidance of intubation,
rapidity of weaning or length of stay?
Probably not.

Davies: This is one of my concerns:
PPV and PAV operate very similarly,
but as Nick [Hill] was saying their
limitations are very different. You
mentioned a new neurally-adjusted
ventilatory assist (NAVA) mode, and
maybe I wasn’t paying complete at-
tention, but is that like AVAPS in
NAVA?

Piraino: What they’re doing there
is still NAVA, but limiting the pres-
sure. They are using a significantly
high gain (15 cm H2O per EAdi [elec-
trical activity of the diaphragm]), and
then using an upper pressure limit so
it limits the pressure similar to setting
a pressure support level but still uses
the synchrony of the NAVA in order
to deliver the breath.2

Davies: Does the ventilator auto-
matically adjust the NAVA level?

Piraino: No, you set the pressure
support level, where it’s going to reach
that pressure but it’s going to reach it
with the synchrony of NAVA. In terms
of how quickly, the rise time, for ex-
ample, would be based on the patient’s
EAdi and the synchrony, but it’s basi-
cally pressure support because you’re
cranking it so high that the pressure is
actually what limits it.

Scott: AVAPS is different because
it uses tidal volume as feedback in
order to change the settings.

Piraino: The study refers to it as a
new setting of NAVA, but it’s not a
new mode on a ventilator.

Strickland: If I could, I’d like to
turn our attention back to the respira-
tory therapist (RT) who is likely the
person setting this up in the acute care
setting. One of the things that stood
out as you were going through these
different machines, typically we’re go-
ing to place a patient on NIV postex-
tubation and we have ICU ventilators
that have an NIV mode. Due to ease,
cost of circuitry, timing, and so forth,
we’re going to use the NIV mode on
the invasive ventilator because it’s at
the bedside. If the patient fails, I don’t
have to get a new machine, and so on.
So, we have the RT who needs to un-
derstand the capabilities of the ICU
ventilator in NIV mode and the mask;
we talked yesterday at length about
how RTs and other practitioners are
not fitting the mask appropriately. You
had a fairly amazing picture of a pa-
tient on an NIV mask that was not
effective at all, so there’s that issue.
We have different parameters on dif-
ferent machines, and what does this
particular machine mean versus that
one, and then we have the human per-
spective of I have a patient on an ICU
ventilator with an NIV mask of some
sort, and then we’re moving them to
another area of the hospital. And
maybe that’s when we move them to
a different ventilator with different pa-
rameters that mean different things,
and now the family is seeing that dif-
ferent machine. In my experiences
with infants on an NIV mode on an
ICU ventilator, we would remove that
ventilator because it’s expensive and
it has bells and whistles I can use on
another patient, right? So I’m going to
give them an NIV ventilator because
it’s made for that, and the family
throws a fit because now their loved
one is not getting the same level of

care (they perceive) because it’s a dif-
ferent ventilator. I say all of that to
bring it back to the nuances that the
practitioner has to account for within
transitioning a patient from an endo-
tracheal tube, to NIV, to a true NIV-
only system as they step down in the
hospital, and then as we’re trying to
transition them home they’re likely to
have even another ventilator to get
them home. No real question here, just
identifying all the different layers of
this application that primarily the RT
has to deal with as they go through,
which of course impacts how we teach
our RTs, physicians, nurses, and other
clinicians about the modes.

* Jackson: Brady, I just want to add
one comment to that. I think that there
is one other complicating factor with
all this information that you provided
us. How do we possibly keep the RTs,
who are the ones responsible, trained
and competent on all of the equip-
ment, especially when you may have
2 or 3 different ICU ventilators in some
hospitals, you have NIV ventilators,
and you have intermediate ones? It
becomes very complex to keep every-
body up to date on competency with
this stuff, especially when manufac-
turers use different names for the same
mode, but the idea or the theory be-
hind the process is the same but they
change the name and you have to re-
adjust everybody to that again.

Scott: On one hand, the improved
technology probably increases our
chance of better patient–ventilator syn-
chrony and improves patient care. On
the other hand, there is at least a the-
oretical patient safety issue because
it’s just a lot for us to keep up with.
Hospital competency programs have
to focus on the nuanced differences
between these devices. And I’ll say it
here, I think physicians need to be
brought in on this as well. Because if

* Julie A Jackson RRT RRT-ACCS, invited dis-
cussant, Fisher & Paykel.
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they’re writing orders or they need to
understand how a patient is respond-
ing to NIV, they need to know that, to
use the earlier example, 10/5 cm H2O
on one machine might not be 10/5 cm
H2O on another.

Benditt: Thank you for a great pre-
sentation. Neil [MacIntyre] was jok-
ing about RAD versus ventilator def-
inition, but the application of these
different modes have a dramatic im-
pact on what you send the patient home
with because certain modes are only
available on certain devices that are
classified as a ventilator versus a RAD.
So the unfortunate thing is there are a
lot of different things happening,
modes and devices and all that. But
out in the trenches it has a gigantic

impact. I’m of the mindset that sim-
pler is better and that, unless a certain
mode of application has been shown
to have better results, I stick with the
basics, and I feel much more comfort-
able that the patient is going to get
what I order and it will be paid for
appropriately.

Scott: I remember yesterday you
said a lot of your NMD (neuromuscu-
lar disease) patients you do not use
AVAPS, you send them home on bi-
level ventilation with settings. Right?

Benditt: Yes. The question of
AVAPS and particularly AVAPS-AE
has come up in NMD, obesity, and
hypoventilation patients, and at this
point I am not aware of any papers

that show a benefit of the more com-
plex mode for these patients. In my
own experience, a lot of times AVAPS,
unless it’s set up perfectly, wakes the
patient up a lot at night because they
sense the pressures going up as it ad-
justs. So I have not been a big fan of
it, and I haven’t seen any data that it
works well at this point.
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