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B ABSTRACT

Acute respiratory distress syndrome (ARDS) results in
collapse of alveoli and therefore poor oxygenation. In
this article, we review airway pressure release ventilation
(APRV), a mode of mechanical ventilation that may be
useful when, owing to ARDS, areas of the lungs are col-
lapsed and need to be reinflated ("recruited”), avoiding
cyclic alveolar collapse and reopening.

B KEY POINTS

The advantages and disadvantages of APRV are related
to its two components: high mean airway pressure and
spontaneous ventilation.

Several studies show APRV to have physiologic benefits
and to improve some measures of clinical outcome, such
as oxygenation, use of sedation, hemodynamics, and
respiratory mechanics.

No study has reported that fewer patients die if they
receive APRV compared with conventional protective
ventilation.

APRV is a promising mode, and further research is need-

ed to strengthen support for its more widespread use.

doi:10.3949/ccjm.78a.10032

I N THE EARLY STAGES of acute respiratory
distress syndrome (ARDS), multiple areas
of the lung collapse, most often in the depen-
dent regions. A factor involved in this process
is the loss of functional surfactant, creating a
condition in which alveolar units are unstable
and prone to collapse due to unopposed sur-
face tension. This situation, similar to that in
premature infants, results in a reduced volume
of aerated lung, intrapulmonary shunting, and,
therefore, poor oxygenation.

The treatment of this alveolar collapse is
lung reinflation (or “recruitment,” a term first
used by Lachmann).! Gattinoni et al’ showed
that the percentage of recruitable lung could
range from a negligible fraction to 50% or more.

There are various means of reopening in-
jured lungs and keeping them open. The choice
of recruitment maneuver is based on the indi-
vidual patient and the ventilatory mode.’

In this article, we review airway pressure re-
lease ventilation (APRV), a mode of mechani-
cal ventilation that may be useful in situations
in which, due to ARDS, the lungs need to be
recruited and held open. APRV was developed
as a lung-protective mode, allowing recruit-
ment while minimizing ventilator-induced
lung injury.

B BASIC PRINCIPLES
OF PROTECTIVE VENTILATION

If we draw a graph with the pressure in the
lung on the horizontal axis and the volume on
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FIGURE 1

the vertical axis, the result is called the com-
pliance curve (FIGURE 1).

This curve has two inflection points be-
tween which its slope is steep, indicating
greater compliance or elasticity. Below the
lower inflection point, the alveoli may col-
lapse; above the upper inflection point, the
lung loses its elastic properties and the alveoli
are overdistended. To protect the lungs, the
challenge in mechanical ventilation is to keep
the lungs between these two points through-
out the respiratory cycle.

Avoiding lung collapse by using PEEP
During mechanical ventilation, the pressure in
the lungs is lowest, and thus the alveoli are most
prone to collapse, at the end of expiration.

We want to prevent the alveoli from col-
lapsing with each expiration and reopen-
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ing with each inspiration, as this cycle of
opening and closing damages them (causing
atelectrauma, ie, cyclical atelectasis).* Pre-
venting it prevents the release of inflamma-
tory mediators and the perpetuation of lung
injury (biotrauma).’

The solution is to apply positive end-ex-
piratory pressure (PEEP), taking into account
the value of the lower inflection point when
setting the PEEP level.

Villar et al® compared outcomes in an in-
tervention group that received a PEEP level 2
cm H,O above the lower inflection point plus
low tidal volumes, and in a control group that
received higher tidal volumes and low PEEP
(5 cm H,0). The study was stopped early, af-
ter significantly more patients had died in the

control group than in the intervention group
(53% vs 32%, P = .04).
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Avoiding overdistention

by keeping the tidal volume low

Tidal volumes that exceed the upper inflec-
tion point overstretch the lung and induce
volutrauma, which can manifest as pneumo-
thorax or pneumomediastinum, or both—the
lungs rupture like a balloon. Also, overdisten-
tion produces liberation of inflammatory me-
diators in the blood (biotrauma). High tidal
volumes should therefore be avoided or lim-
ited as much as possible.

The ARDS Network,” in a multicenter,
randomized, controlled trial, showed that
fewer patients die if they receive mechanical
ventilation with low tidal volumes rather than
higher, “conventional” tidal volumes. Patients
were randomized to receive either a tidal vol-
ume of 6 mL/kg and a plateau pressure lower
than 30 cm H,O or a tidal volume of 12 mL/kg
and a plateau pressure lower than 50 cm H,O.
They were followed for 180 days or until dis-
charged home, breathing without assistance.
A total of 861 patients were enrolled. The
mortality rate was significantly lower in the
low tidal volume group than in the group with
conventional tidal volumes, 31% vs 40%.

Lower tidal volumes were also associated
with faster attenuation of the inflammatory
response.®

Amato et al’ randomized 58 patients to
receive mechanical ventilation with tidal vol-
umes of either 6 mL/kg or 12 mL/kg. The PEEP
level was maintained above the lower inflec-
tion point. At 28 days, 62% of the patients in
the intervention group were still alive, com-
pared with only 29% in the control group.
However, many concerns were expressed over
the high mortality rate in the control group.

Based on these studies, the use of low tidal
volumes with appropriate levels of PEEP to
ensure lung recruitment is the current stan-
dard of care in mechanical ventilation of pa-
tients with ARDS.!°

I APRV: A PRESSURE-CONTROLLED MODE
THAT ALLOWS SPONTANEOUS BREATHS

Airway pressure release ventilation (APRV),
first described by Stock et al in 1987,"! is es-
sentially a pressure-control mode—ie, the cli-
nician sets a high and a low pressure. However,
it also allows spontaneous breathing through
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the entire breathing cycle (ricure 2).!21

A baseline high pressure (P high) is set
first. Mandatory breaths are achieved by re-
leasing the high baseline pressure in the cir-
cuit very briefly, usually to 0 cm H,O (P low),
which allows the lungs to partially deflate, and
then quickly resuming the high pressure be-
fore the unstable alveoli can collapse.

In theory, the optimal release time (the
very short time in low pressure, or T low) in
APRYV should be determined by the time con-
stant of the expiratory flow. The time constant
(t) is the time it takes to empty 63% of the
lung volume. It is calculated as:

t=CxR

where C is the combined compliance of the
lung and chest wall, and R is the combined
resistance of the endotracheal tube and the
natural airways. In diseases that lead to lower
lung compliance (such as ARDS), the time
constant is shorter. A practical equilibrium
time—or the time it takes for the lung volume
in expiration to reach steady state (no expira-
tory flow)—is about 4 time constants.'*

Since the release time in APRV is much
shorter than the equilibrium time, a residual
volume of air remains in the lung, creating in-
tentional auto-PEEP. Ideally, this intentional
auto-PEEP should be high enough to avoid
derecruitment (optimally above the lower
inflection point). In APRV the auto-PEEP is
controlled by the settings, and this intention-
al restriction of the expiratory flow is critical
to avoid derecruitment of unstable alveolar
units.

The amount of time spent at the higher

Repeated
opening

and closing of
the alveoli
damages them,
in processes
called
atelectrauma

pressure (T high) is generally 80% to 95% of and biotrauma

the cycle (ie, the lungs are “inflated” 80% to
95% of the time), and the amount of time at
the lower pressure (T low) is 0.6 to 0.8 sec-
onds.

Thus, APRV settings provide a relatively
high mean airway pressure, which prevents
collapse of unstable alveoli and over time
recruits additional alveolar units in the in-
jured lung. The major difference between this
mode and more conventional modes is that in
APRV the mean inspiratory pressure is maxi-
mized and end-expiratory pressure is due to
intentional auto-PEEP. In addition, spontane-
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Airway pressure release ventilation with spontaneous breathing
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ous breathing is allowed throughout the entire
cycle (rGuRe 2).1

Although APRV does not approximate
the physiology of spontaneous breathing with
healthy lungs, it is nonetheless relatively com-
fortable and well tolerated. Its theoretical ad-
vantage in patients with lung injury is its ability
to maximize alveoli recruitment by maintain-
ing a higher mean inspiratory pressure, while
the peak alveolar pressure remains lower than
with conventional ventilation (FIGURE 1).

Other modes that are similar to APRV

Other modes of mechanical ventilation very
similar to APRV are biphasic positive airway
pressure (BiPAP) and bilevel ventilation.

BiPAP differs from APRV only in the tim-
ing of the upper and lower pressure levels. In
BiPAP, T high is usually shorter than T low.
Therefore, in order to avoid derecruitment, P
low has to be set above zero with both a high
and a low PEEP level."

No studies have demonstrated one mode
to be more beneficial than the other, although
BiPAP might be more predictable, as both
pressures are known.

Bilevel ventilation works like APRV but
incorporates pressure support to spontaneous
breathing. The use of pressure support may
affect the positive physiologic effects (see
section below) of unsupported spontaneous
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breathing. Nevertheless, this strategy might

be useful to address severe hypercapnia in the
context of APRV.

I INITIAL VENTILATOR SETTINGS IN APRV

As we described in the previous section, P high
and T high are set to increase end-inspiratory
lung volume, recruitment, and oxygenation.
P low and T low regulate end-expiratory lung
volume, and their settings should prevent
derecruitment but ensure adequate alveolar
ventilation (TABLE1).

P high. In selecting an initial P high, we
measure the plateau pressure in a convention-
al mode using an accepted protective strategy,
such as volume-control mode. If the plateau
pressure is lower than 30 cm H,O, we use this
pressure as our initial P high. If the plateau
pressure is higher than 30 cm H,O, we select
30 cm H,O as an initial P high to minimize
peak alveolar pressure and reduce the risk of
lung overdistention.

P low is set at O cm H,O.

T high is set at 4 seconds and is then ad-
justed if necessary.

T low is probably the most difficult vari-
able to set because it needs to be short enough
to avoid derecruitment but still long enough

to allow alveolar ventilation. We usually start
with a T low of 0.6 to 0.8 seconds.
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I ADJUSTING THE VENTILATOR SETTINGS

For hypoxemia. Physician-controlled vari-

ables that affect oxygenation in APRV are:

® Mean airway pressure (dependent primar-
ily on P high and T high)

¢ Fraction of inspired oxygen (Fio,).
Inadequate oxygenation usually requires

increasing one or both of these settings.
Physician-controlled variables that affect

alveolar ventilation in the APRV mode are:

® Pressure gradient (P high minus P low)

® Airway pressure release time (T low)

e Airway pressure release frequency.'* Fre-
quency is related to total cycle time of man-
datory breaths by the following equation®:

frequency = 60/cycle time = 60/(T high + T low) .

Note that if T low remains constant, ad-
justing T high will adjust frequency (the more
time the lung remains inflated, the lower the
respiratory frequency). Conversely, some ven-
tilators allow adjustment of frequency, mak-
ing T high the dependent variable. The goal
of this mode is to recruit alveoli and improve
oxygenation, so we usually do not modify the
pressure gradient to improve ventilation.

In practice, physicians rarely calculate the
time constant for each patient to set T low.
Hence, T low is usually adjusted according to
the flow-time curve on the ventilator, so that
the pressure release ends when expiratory flow
reaches approximately 40% of the peak expi-
ratory flow, ie, approximately 1 time constant
(rGure 3).1

For hypercapnia. A frequent and expected
consequence of lung-protective ventilation
strategies is hypercapnia, termed “permis-
sive” hypercapnia because it is allowed to
some extent. In APRV, some degree of CO,
retention is not unusual. When the measured
Paco, becomes extreme, we usually increase
the frequency of releases by shortening T
high, recognizing that this adjustment may af-
fect recruitment by lowering the mean airway
pressure.

Spontaneous breaths. A positive aspect of
APRV that contributes to its tolerability for
patients is that it allows for spontaneous respi-
ration. In some studies of patients with ARDS
ventilated with APRV, spontaneous breathing
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TABLE 1

Airway pressure release ventilation (APRV)
bedside guide

CRITERIA FOR APRV

Acute respiratory distress syndrome, and

Fio, > 60%, and

Positive end-expiratory pressure > 10 cm H,0

INITIAL SETTINGS
Mandatory breaths

P high  Same as plateau pressure in volume-control mode
(maximum of 30 cm H,0)

Plow 0cmH,0

Thigh 4 seconds

Tlow  40% of peak expiratory flow (around 0.6—0.8 seconds)

Spontaneous breaths
Titrate sedation so that spontaneous breathing is at least 10%
of total minute ventilation

ADJUSTMENTS

Hypoxemia

Prolong T high by 0.5-1 second

Increase P high by 2-5 cm H,0

If no response, consider other alternative modes
(eg, high-frequency oscillatory ventilation)

Hypercapnia
Tolerate “permissive hypercapnia,” with pH as low as 7.15
If severe hypercapnia, reduce T high by 0.5-1 second
(this will increase frequency of releases)
Add pressure-support APRV to bilevel

Weaning
Decrease P high by 2 cm H,0, and
prolong T high by 0.5-2 seconds

When P high is about 16 cm H,0, and T high is about 15 seconds,

switch to continuous positive airway pressure
(may add pressure support)

accounted for 10% to 30% of the total min-
ute ventilation and was responsible for an im-
provement in ventilation-perfusion matching
and oxygenation.>!® We titrate our patients’
sedation to a goal of spontaneous breathing of
at least 10% of total minute ventilation.

B WEANING FROM APRV

Weaning from APRV is done carefully to
avoid derecruitment. Some authors recom-
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Inspiratory and expiratory flows in airway pressure release ventilation
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mend lowering P high by 2 to 3 cm H,O at a
time and lengthening T high by increments of
0.5 to 2.0 seconds.>!

Once P high is about 16 cm H,O, T high is
at 12 to 15 seconds, and spontaneous respiration
accounts for most or all of the minute volume,
the mode can be changed to continuous positive
airway pressure (CPAP) and titrated downwards.
Usually, when CPAP is at 5 to 10 cm H,O, the
patient is extubated, provided that mental status
or concerns about airway protection or secre-
tions are not contraindications.

B PHYSIOLOGIC EFFECTS OF APRV
WITH SPONTANEOUS BREATHING

Effects on the respiratory system
During spontaneous breathing, the greatest
displacement of the diaphragm is in depen-
dent regions. These regions are the best venti-
lated.'® Compared with spontaneously breath-
ing patients, mechanically ventilated patients
have a smaller inspiratory displacement of the
dependent part of the lung."”

A study using computed tomography dem-
onstrated that the reduction of lung volume

VOLUME 78 ¢ NUMBER 2

observed in patients with acute lung injury
(ALI) predominantly affects the lower lobes
(dependent areas).”® Causative mechanisms
could be an increase in lung weight related to
ALI and a passive collapse of the lower lobes as-
sociated with an upward shift of the diaphragm.

In a preliminary study, the topographic
distribution of lung collapse was different in
spontaneously breathing ARDS patients than
in patients who were paralyzed. In particular,
lung densities were not concentrated in the
dependent regions in the former group.?!

Oxygenation is better with APRV with
spontaneous breathing than with mechanical
ventilation alone. This effect is at least partly
attributable to recruitment of collapsed lung
tissue and increased aeration of the dependent
areas of the lung.?

Putensen et al® compared ventilation-per-
fusion distribution in 24 patients with ARDS
who were randomized to APRV with sponta-
neous breathing (more than 10% of the total
minute ventilation), APRV without sponta-
neous breathing, or pressure-support ventila-
tion. Spontaneous breathing during APRV
improved ventilation-perfusion matching and

FEBRUARY 2011

Downloaded from www.ccjm.org on July 30, 2025. For personal use only. All other uses require permission.


http://www.ccjm.org/

MODRYKAMIEN AND COLLEAGUES

increased systemic blood flow.

Neumann et al® recently compared the
effect of APRV with spontaneous breathing
vs APRV without spontaneous breathing in
terms of ventilation perfusion in an animal
model of lung injury. APRV with spontane-
ous breathing increased ventilation in juxta-
diaphragmatic regions, predominantly in de-
pendent areas. Spontaneous breathing had a
significant effect on the spatial distribution of
ventilation and pulmonary perfusion.

Based on these studies, we generally use
APRYV with no pressure support. This strategy
permits recruitment and expansion of depen-
dent lung areas.

Effects on the cardiovascular system
and hemodynamics

Risinen et al,”* in an animal model,
compared cardiovascular performance during
APRYV, spontaneous breathing, and continu-
ous positive pressure ventilation. No signifi-
cant differences in cardiovascular function
were detected between APRV and spontane-
ous breathing. In contrast, continuous positive
pressure ventilation decreased blood pressure,
stroke volume, cardiac output, and oxygen de-
livery.

Falkenhain et al,” in a subsequent case re-
port, found that a change in mode from inter-
mittent mandatory ventilation with PEEP to
APRYV resulted in improvement in the cardiac
output of a patient requiring mechanical ven-
tilation.

The lack of deleterious effect of APRV on
cardiovascular function is probably a result of
its spontaneous breathing component. The re-
duction in mean intrathoracic pressure during
spontaneous breathing (compared to paraly-
sis) improves venous return and biventricular
filling, boosting cardiac output and oxygen de-
livery.?

Hering et al*’ compared APRV with spon-
taneous breathing (at least 30% of the total
minute ventilation) vs APRV with no spon-
taneous breathing in 12 patients with ALL
This study showed higher renal blood flow, glo-
merular filtration, and osmolar clearance in the
APRV-with-spontaneous-breathing group.

The same investigators evaluated the ef-
fects of spontaneous breathing with APRV
on intestinal blood flow in an animal model

127
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of lung injury.?® Spontaneous breathing with
APRYV improved arterial oxygenation, the sys-
temic hemodynamic profile, and regional per-
fusion to the stomach and small bowel com-
pared with full ventilatory support.

B ANIMAL STUDIES OF APRV

Stock et al,!! in their original description
of APRV in 1987, reported experimental re-
sults in dogs. In that study, 10 dogs with and
without ARDS were randomized to APRV
with a custom-built device vs volume-control
mode with a Harvard pump ventilator plus
PEEP. APRV delivered adequate alveolar ven-
tilation, had lower peak airway pressures, and
promoted better arterial oxygenation (at the
same tidal volume and mean airway pressure)
compared with volume control.

Martin et al (1991)%® studied seven neo-
natal lambs with ALI with four ventilatory
modes: pressure-support ventilation, APRYV,
volume control, and spontaneous breathing.
APRV maintained oxygenation while aug-
menting alveolar ventilation compared with
pressure-support ventilation. APRV also pro-
vided ventilation at a lower peak pressure in
contrast to volume control. The authors con-
cluded that APRV was an effective mode to
maintain oxygenation and assist alveolar ven-
tilation with minimal cardiovascular impact
in their animal model of ALIL

B HUMAN STUDIES OF APRV

Garner et al (1988)% studied 14 patients
after operative coronary revascularization,
giving them volume control mode (12 mL/kg)
and then, when they were hemodynamically
stable, APRV. While APRV and volume con-
trol supported ventilation and arterial oxygen-
ation equally in all cases, peak airway pressure
was greater with volume control.

Risinen et al (1991)°! designed a prospec-
tive, multicenter, crossover trial in which 50
patients with ALI were ventilated with con-
ventional ventilation and subsequently with
APRV. Patients in both groups were adequate-
ly ventilated and oxygenated. However, as
described in the aforementioned study,** the
peak airway pressure was lower in the APRV

group.
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TABLE 2

Randomized trials of airway pressure release ventilation (APRV)

TRIAL NO.OF  MODES COMPARED FINDINGS
PATIENTS
Sydow et al 18  APRV vs volume controlled inverse Lower peak pressure and better
(1994)* ratio ventilation oxygenation with APRV
Putensen et al 30  APRV vs pressure-controlled Better hemodynamics, fewer intensive
(2001)* ventilation care unit days, better oxygenation,
less sedation, and lower pressures
with APRV
Varpula et al 33 APRV vs pressure-controlled syn-  Better oxygenation in APRV group
(2003)** chronized intermittent mandatory after second pronation
ventilation (both groups positioned
prone for 6 h once or twice a day)
Varpula et al 58  APRV vs synchronized intermittent Lower inspiratory pressure with APRV
(2004)3 mandatory ventilation

Davis et al (1993)* studied 15 patients
with ARDS requiring ventilatory support who
received intermittent mandatory ventilation
plus PEEP and then were placed on APRV.
Peak airway pressure was lower, but mean air-
way pressure was higher with APRV. There
were no statistically significant differences in
gas exchange or hemodynamic variables.

Putensen et al,’® in a study designed on
the basis of prior publications,” randomized
30 patients with multiple trauma to either
APRV with spontaneous breathing (n = 15)
or pressure-control ventilation (n = 15) for 72
hours. Weaning was performed with APRV in
both groups. APRV was associated with in-
creases in lung compliance and oxygenation
and reduction of shunting. Interestingly, the
use of APRV was associated with shorter du-
ration of ventilatory support (15 vs 21 days),
shorter length of intensive care unit stay (23
vs 30 days), and shorter duration of sedation
and use of vasopressors.

An important confounder in this trial was
that all patients on pressure-control ventila-
tion were initially paralyzed, favoring the
APRYV group.

Varpula and colleagues® performed a pro-
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spective randomized intervention study to
determine whether the response of oxygen-
ation to the prone position differed between
APRV vs pressure-controlled synchronized
intermittent mandatory ventilation with pres-
sure support. Forty-five patients with ALI
were randomized within 72 hours of initia-
tion of mechanical ventilation to receive one
of these two modes; 33 ultimately received
the assigned treatment. All patients were po-
sitioned on their stomachs for 6 hours once
or twice a day. The response in terms of oxy-
genation to the first pronation was similar in
both groups, whereas there was a significant
improvement after the second pronation in
the APRV group. The authors concluded that
prone positioning and allowance of spontane-
ous breathing during APRV had advantageous
effects on gas exchange.

In 2004, the same investigators® random-
ized 58 patients with ALI after stabilization to
either APRV or pressure-controlled synchro-
nized intermittent mandatory ventilation.
There were no significant differences in the
clinically important outcomes such as venti-
lator-free days, sedation days, need of hemodi-
alysis, or intensive care unit-free days.
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ach of the components

of airway pressure release ventilation
COMPONENT ADVANTAGES DISADVANTAGES
High mean pressure  Lung recruitment, leading to better ~ Worsening of air leaks (bronchopleural

oxygenation

Reduction of left ventricular

transmural pressure and therefore

fistula)

Increase of right ventricular afterload,
worsening of pulmonary hypertension

reduction of left ventricular afterload

Spontaneous breathing

Better venous return (increase in

cardiac output)

Higher glomerular filtration rate

Better small-bowel perfusion

Ventilation of dependent areas

Reduction of right ventricular venous
return: may worsen intracranial hyper-
tension, may worsen cardiac output in
hypovolemia

Increase of transpulmonary pressure
might lead to volume-induced lung

injury
Increase in venous return might worsen
right ventricular dysfunction

Maintains work of breathing

Lower sedation requirements

Dart et al,”® in a retrospective study of
46 trauma patients who were ventilated with
APRV for 72 hours, found an improvement
in the Pao,/Fio, ratio and a decrement in
peak airway pressure after APRV was started.

In conclusion, most studies show physi-
ologic benefits and improvement in some
clinical outcomes, such as oxygenation, use
of sedation, hemodynamic variables, and re-
spiratory mechanics. However, no studies re-
port that APRV decreases the mortality rate
compared with conventional protective ven-
tilation.

TABLE 2 summarizes the randomized clinical

trials of APRV.?-537
I CONCERNS ABOUT APRV

Overstretching. One of the major con-
cerns when applying APRV is overstretching
the lung parenchyma.’®*® It is important to
recognize that, when choosing a P high set-
ting, this variable is not the only determinant
of the tidal volume. Spontaneous breathing
causes the pleural pressure to become less posi-
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tive. As a result, there is an increase in the
transpulmonary pressure (pressure in alveoli
minus pressure in the pleura). This augmenta-
tion of transpulmonary pressure will result in a
higher tidal volume and the risk of overdisten-
tion and volume-induced lung injury.

Atelectrauma. As mentioned earlier,
damage may occur when airways open and
close with each tidal cycle. This is particu-
larly worrisome when the end-expiratory
pressure is below the lower inflection point,
as some diseased alveolar units may collapse.
In APRV, the airway pressure is released to
zero. Even though the intentional auto-PEEP
might maintain a certain end-expiratory pres-
sure, this parameter is truly uncontrolled.*

If the patient cannot breath spontane-
ously. Another consideration is that many
of the benefits of APRV are based on the
spontaneous breathing component. Unfor-
tunately, patients who need heavy sedation
or neuromuscular paralysis with lack of spon-
taneous breathing efforts may lose the physi-
ologic advantages of this mode.

Possible contraindications to APRV in-
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Most studies
show
improvement
in some clinical
outcomes with
APRV in ARDS,
but none have
reported lower
mortality rates
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clude conditions that may worsen with the  many attractive benefits as an alternative
elevation of the mean airway pressure, such as ~ mode of mechanical ventilation in patients
unmanaged increases of intracranial pressure  who do not respond to conventional modes.

and large bronchopleural fistulas.

TABLE 3 summarizes the advantages and dis-

Despite these limitations, APRV presents  advantages of each component of APRV.
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