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Caution—Do Not Attempt This at Home. 
Airway Pressure Release Ventilation Should 
Not Routinely Be Used in Patients With or at 
Risk of Acute Respiratory Distress Syndrome 
Outside of a Clinical Trial
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In this opinion piece, we review reasons why airway pressure release ventila-
tion (APRV) should not routinely be used in clinical practice in patients with 
or at high risk of acute respiratory distress syndrome (ARDS) because it has 

not been demonstrated to be effective nor safe based on clinical trial evidence.
Several strategies to best oxygenate and ventilate mechanically ventilated 

patients have been tested over the past 30 years, with some demonstrating ef-
ficacy and some not (1). In patients with established ARDS, the best evidence 
demonstrates that lung-protective ventilation using low tidal volume ven-
tilation reduces mortality when compared with the use of high tidal volume 
and high-pressure ventilation (2). In contrast, approaches using high positive 
end-expiratory pressure (PEEP) versus low PEEP, open lung ventilation with 
recruitment maneuvers, esophageal balloon titrated end-inspiratory and end-
expiratory transpulmonary pressures, as well as high-frequency oscillation have 
all failed to improve patient survival compared with standard lung-protective 
ventilation (3–8).

APRV is an alternative mode of ventilation that uses an open lung ventila-
tion strategy (9). APRV has two conceptual advantages: 1) to maintain a mean 
airway pressure that is higher than the closing pressure of alveoli and 2) to 
allow a patient unrestricted spontaneous breathing throughout the respiratory 
cycle (10). It is characterized by bilevel pressure control (high pressure [Phigh] 
and low pressure [Plow]) that time cycles with a prolonged inverse ratio. The 
time spent at Phigh (Thigh) facilitates alveolar recruitment, whereas a short time 
at Plow (Tlow) allows for ventilation and carbon dioxide (Co2) clearance without 
risking alveolar derecruitment. If patients are heavily sedated or pharmacolog-
ically paralyzed and there is an absence of spontaneous breathing, then APRV 
becomes very similar to inverse ratio pressure control ventilation. As pressure 
is cycled between Phigh and Plow, the tidal volume delivered will depend upon the 
compliance and resistance of the respiratory system. For example, patients with 
low compliance due to ARDS will receive low tidal volumes for a given Phigh/
Plow combination.

There is biologic plausibility as to why APRV use to maintain spontaneous 
ventilation and an open lung may be beneficial, particularly in ARDS. Animal 
studies have demonstrated that spontaneous ventilation during APRV can 
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lead to an improvement in atelectasis and ventilation-
perfusion matching, especially in the posterior/de-
pendent parts of the lung closest to the diaphragm 
(11, 12). Experimental studies in swine, rat, canine, 
and rabbit models have also demonstrated improved 
oxygenation (13). Allowing spontaneous ventilation 
may also reduce the need for sedation and paralytics 
and their corresponding adverse effects. Conversely, 
it is also plausible that a physiologic basis for harm 
exists through multiple mechanisms including a re-
duction in cardiac preload from increased intratho-
racic pressure, lack of breath-to-breath assistance 
during spontaneous ventilation leading to desyn-
chrony, ventilator-induced lung injury from unreg-
ulated high tidal volumes or pressures, and acidosis 
from inadequate clearance of Co2 during the pressure 
release phase (9).

Despite these potential benefits, the fate of APRV in 
clinical trials thus far is similar to that of other open 
lung ventilation approaches (4, 5, 7, 8) and fails to con-
vincingly demonstrate that any of the benefits of APRV 
improve patient outcomes. Randomized control trials 
(RCTs) examining the use of APRV are summarized 
in Table 1. In total, eight APRV RCTs enrolled 548 
patients (285 randomized to APRV and 263 random-
ized to standard management) (14–21). These stud-
ies are heterogenous in both the patient populations 
studied and the APRV variables applied. The studies 
have been small (average study size of 69 patients) and 
associated with several challenges including protocol 
adherence and stopping early as well as sources of bias 
in interpretation (summarized in Table 2) (15, 19, 20). 
We briefly summarize the key issues and clinical trial 
evidence in the following paragraphs.

THE IDEAL PATIENT POPULATION FOR 
APRV USE REMAINS UNDETERMINED

There are three patient populations or times during 
a patient’s course where APRV may be beneficial: 1) 
patients ventilated without ARDS but at risk for it; 
2) patients with established and active ARDS; and 3) 
patients recovering from ARDS. These are important 
distinctions as spontaneous ventilation and larger more 
liberal tidal volumes may be acceptable in the first and 
third groups; however, the efficacy or safety of spon-
taneous ventilation in the second group is unproven. 
Randomized trials to date have focused on patients 
with established lung injury/ARDS (four studies,  

n = 338) (14, 15, 19, 20) or those without ARDS but 
at risk for it (four studies, n = 210) (16–18, 21). The 
patient populations have included hypoxemic respira-
tory failure (one study, n = 90) (19), lung injury/ARDS 
(two studies, n = 196) (14, 15), trauma patients (two 
studies, n = 93) (16, 17), and COVID-19 pneumonia 
(one study, n = 90) (19). No randomized trials have 
explicitly examined patients recovering (e.g., weaning) 
from ARDS. Figure 1 presents a forest plot with the 
relative risk reductions in mortality for each study. As 
seen qualitatively, there is a range of effect, primarily 
centering on no effect but with CIs from most studies 
spanning from benefit to significant harm. This vari-
ability may relate to heterogeneity of patient popula-
tions or variability in APRV protocol used. Moreover, 
these studies may be underpowered to demonstrate 
any benefit or harm. Of note, three of eight studies were 
stopped early (Table 2 for reasons for stopping early) 
(15, 19, 20), and another four had no formal sample 
size calculation (Table 2) (16–18). For patients without 
ARDS, APRV’s role remains unclear as no study tar-
geted prevention of ARDS as a primary endpoint.

IDEAL SETTINGS FOR APRV REMAIN 
UNCLEAR

Part of the challenge with using APRV is that given the 
lack of proven benefit, the optimal settings or physi-
ologic or ventilatory goals to target with APRV have 
not been established (13). This is illustrated by the 
variability in APRV protocols that have been tested 
(Table 1). For example, variations in how Tlow is set can 

Hirshberg

Ibarra−Estrada

Kucuk

Li

Maxwell

Putensen

Varpula

Zhou

Study

2018

2021

2022

2016

2010

2001

2004

2017

Year

Favors APRV   Favors Control

0.2 1.0 5.0

with 95% CI
Risk Ratio

0.50 [

1.30 [

0.85 [

0.89 [

1.03 [

0.75 [

0.93 [

0.57 [

0.22,

0.97,

0.51,

0.41,

0.15,

0.20,

0.30,

0.32,

1.15]

1.72]

1.42]

1.94]

6.88]

2.79]

2.88]

1.02]

Figure 1. Forest plot of relative risks of mortality in randomized 
studies examining airway pressure release ventilation (APRV). 
Hirshberg et al (20) is comparing traditional APRV arm with the 
conventional volume control–low tidal volume ventilation arm.
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range from a fixed period (15, 16, 18) to a flow-based 
dynamic setting (14, 17, 19–21). The principles of pres-
sure and volume limited lung-protective ventilation are 
much more difficult to apply to APRV. The complexity 
of this issue is increased by the ability of patients to 
spontaneously breath throughout the respiratory cycle, 
along with changes in the compliance of the patient’s 
lungs over the course of the ICU stay. Attempts to use 
a physiologically informed approach to APRV settings 
have been proposed; however, these have only been 
tested in nonrandomized studies (22). Other aspects 
of APRV settings that remain unclear include how 
often time cycling should occur, should patients un-
dergo a period of stabilization prior to initiating APRV, 
how should titration of Phigh be conducted, and should 
the size of tidal volumes and Phigh be restricted to tra-
ditional lung-protective ranges. This uncertainty may 
have played a role in adhering to study protocols as one 
study stopped early due to challenging protocol adher-
ence (20). Finally, although the rationale of APRV is 
to improve recruitment and oxygenation and permit 
spontaneous breathing, are these goals truly linked 
with better outcomes? This remains to be determined. 
Other randomized trials examining mechanical ven-
tilation interventions that can improve oxygenation 
(such as open lung ventilation, oscillation, high PEEP) 
have not been associated with improved patient out-
comes (3–8).

ADVERSE EFFECTS OF APRV REMAIN 
UNDEFINED

There are several potential pitfalls of APRV use. One 
major driver for adverse outcomes with APRV may be 
the assumption that spontaneous ventilation is always 
safe and appropriate, particularly for patients with 
ARDS or severe acute hypoxemic respiratory failure. 
Inappropriate spontaneous breathing can lead to ex-
cessive respiratory effort and a unique form of ventila-
tor-induced lung injury known as patient self-inflicted 
lung injury (P-SILI) which has been associated with 
worse outcomes (23). Methods to measure respira-
tory drive (P0.1) and magnitude of lung stress (pres-
sure swing with occluded airway: Pocc) exist but were 
not part of most study protocols (24). Only one study 
examined P0.1 as a marker of patient respiratory drive 
(20). The risk of P-SILI is real as evidenced by the 
APRV trial by Ibarra-Estrada et al (19) that had signif-
icant rates of barotrauma and hypercarbic respiratory 

failure in APRV-treated individuals and resulting in 
the study being stopped early. Four of the eight ran-
domized trials on APRV (Tables  1 and 2) did not 
report adverse events. Barotrauma may occur inde-
pendently of P-SILI and instead be related to elevated 
mean airway pressures. Other potential adverse effects 
of APRV that will need to be rigorously examined in-
clude rates of increasing vasopressor requirement due 
to reduced preload, rates of barotrauma due to higher 
mean airway pressures, and acidosis related to hyper-
carbia from inadequate ventilation during airway 
pressure release. Not only will future studies need to 
consider including diagnostic measures such as P0.1 or 
Pocc to ensure patient effort is safe to initiate or main-
tain APRV, but a standardized list of adverse events 
will need monitoring to determine any association be-
tween APRV and patient harm, particularly related to 
P-SILI.

Although it is possible that the use of APRV may be 
justified in the future, current evidence demonstrates 
too many gaps and questions around its safe and ap-
propriate use. Congruent with this, clinical guidelines 
for ARDS to date have not supported the routine use 
of APRV (25). Given this equipoise, APRV should 
only be used by exception where the risks are carefully 
weighed with the potential benefits. Rather than view 
the lack of evidence and gaps in literature as criticisms, 
it would be prudent to view them as opportunity for 
study. Given the equipoise, APRV warrants a large mul-
ticenter clinical trial that compares APRV protocols 
with the standard of care. At least two distinct popu-
lations will need to be studied including patients with 
ARDS and those recovering from it. There will be sev-
eral challenges, the least of which is standardizing how 
APRV is set and titrated. Established therapies in the 
management of ARDS such as low tidal volume venti-
lation and prone positioning required significant study 
before they were ready for prime time. Many prom-
ising therapies for ARDS failed to demonstrate efficacy 
once studied properly (4, 5, 7, 8). Likewise, APRV still 
requires much work before becoming an established 
method of mechanical ventilation in patients with or 
at risk for ARDS. Until this time, to paraphrase a com-
mon aphorism, “for expert use: don’t try this at home.”
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