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APRV is a mode of mechanical ventilation that has generated 
enough controversy to fuel a war. A major challenge has been 
the lack of randomized control studies on the application 
of APRV in patients with ARDS. All preexisting data 
did not address the question for which APRV was being 
promoted, that is, that APRV should be used as initial mode 
of mechanical ventilation for patients with ARDS. Multiple 
reports and studies in animals and humans have not helped 
answer this question. Not only is there paucity in the 
number of high quality trials in humans, but there is a lack of 
consistency on how APRV is applied (1,2).

Recently, Zhou and colleagues (3) published, perhaps 
the best (and first) evidence, on use of APRV on patients 
with ARDS. They studied 138 patients with a diagnosis 
of ARDS, and randomized them within 48 hours to 
conventional low tidal volume (LTV) ventilation with a 
low positive end-expiratory pressure (PEEP) strategy vs. 
APRV with a clearly defined implementation protocol. The 
study methods are transparent and clearly reported. Their 
primary outcome, ventilator free days was median 19 days 
(IQR 8–22 days) in APRV group vs. 2 days (IQR 0–15 days) 
in LTV group. This, along with several relevant secondary 
outcomes (better respiratory system compliance, improved 
gas exchange, less days in ICU) would make it sound as a 
straight hit: some will call it a home run. 

We commend Dr. Zhou and colleagues (3) on their 
work, as this is the type of research that helps us move the 
field ahead. Clinicians often interpret a positive study as 
an affirmation of a treatment’s efficacy and effectiveness. 

However, the role of this editorial is to dissect this study 
in the context of current available literature, physiological 
concerns and technology issues. This is important, as we 
need to use the best available evidence, taken in the proper 
context, to make our clinical decisions. 

External validity

The study by Zhou et al. (3) is an efficacy trial conducted 
at a single center, where the team was trained on use of 
APRV and followed a detailed protocol. The study was 
well powered to reach the primary outcome. The results 
demonstrate an impressive difference in the median days 
free of mechanical ventilation. The LTV group days on 
the ventilator (15 days) and ventilator free days (2 days) 
were worse than those reported in several large ARDS 
studies (Table 1). Why would this be the case? There are 
three important factors that may have affected the length of 
mechanical ventilation: 

(I) The population studied had a higher proportion 
(58–69%) of  ARDS from extra-pulmonary 
causes (sepsis, pancreatitis, trauma, and surgery) 
compared to other recent trials on ARDS (8,9). 
Although pulmonary vs. extra-pulmonary causes of 
ARDS have not shown to affect mortality (4,10), 
the response to positive pressure and ventilation 
strategies can be quite different depending on the 
cause, and this issue remains to be prospectively 
studied (11). This is important because of the 
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Table 1 Comparison of outcomes

Outcome
Zhou et al. (3)

ARMA 2000 
LTV arm (4)

ALVEOLI 2004 
low PEEP arm 

(5)

LOVS 2008 
LTV control 

arm (6)

OSCILLATE 
2013 LTV 

control arm (7)

Lung Safe 
2016 (8)APRV arm LTV arm

Length of mechanical ventilation (days) 8 [5–14] 15 [7–22] 8–10 NR 10[6–16] 10 [6–18] 8 [4–15]

No. of ventilator-free days 19 [8–22] 2 [0–15] 12±11 14.5±10.4 NR NR 10 [0–22]

Pneumothorax (%) 4.2 10.4 10 10 9.1 13 NR

Length of ICU stay (days) 15 [8–21] 20 [10–32] NR 12.2±10.4* 13 [9–23] 14 [9–26] 10 [5–20]

Length of hospital stay (days) 21 [14–30] 27 [18–41] NR NR 29 [16–51] 25 [15–41] 17 [8–33]

ICU mortality (%) 19.7 34.3 NR NR 35 31 35.3

Hospital mortality (%) 23.9 37.3 31 24.9 40.4 35 40

*, notice some report median and others mean. APRV, airway pressure release ventilation; LTV, low tidal volume; PEEP, positive end-
expiratory pressure.

relatively small number of patients in this study. 
Even with randomization, the groups were 
imbalanced in some baseline variables that could 
have affected the primary and secondary outcomes. 
For example, the LTV group had a higher incidence 
of pneumonia as a cause for ARDS along with 
more co-morbidities (COPD, renal dysfunction 
and malignancy), and a higher percentage of these 
patients were on vasopressors (68.7% vs. 56.3%). 
The presence of pre-existing conditions, shock 
and differing etiologies can obviously affect the 
outcomes of any mechanical ventilation strategy.

(II) The successful extubation rate in the LTV group 
was low, 38.8% (i.e., >60% of patients got re-
intubated!). Failed extubation was not defined in 
the manuscript. Assuming the classic definition of 
extubation failure (need for re-intubation within 
48–72 hours of extubation), a 60% extubation 
failure seems very high compared to the average 
reported in other studies (15 %). Failed extubation 
is associated with increased mortality, ventilator 
days and, ICU/Hospital length of stay (12). The 
incidence of tracheostomy in the LTV group 
(29.9%) was higher than the 13% reported in 
Lung Safe study (8) which number was comparable 
to the 12.7% for the APRV group. Interestingly, 
the criteria used by the study team to perform 
a tracheostomy were related to airway patency, 
mental status, or physician expectations for 
prolonged MV. Failure to wean or prolonged 
mechanical ventilation, the most common cause for 

tracheostomy in ARDS, is not listed.
(III) The sedation on the LTV group was not titrated 

by the respiratory therapists as it was for the 
APRV group, thus potentially creating a treatment 
bias. The LTV group had a significantly higher 
need for sedation compared to APRV group, 
contrary to a previous study showing a trend 
towards increased sedation requirement for patient 
treated with APRV (13). Sedation, of course, 
is another important variable associated with 
prolonged mechanical ventilation. The depth of 
sedation and sedation protocols are associated 
with mechanical ventilation outcomes. How much 
,is yet to be determined, but different sedation 
practices can introduce unrecognized bias (14-16). 
More importantly, at least in the US, respiratory 
therapists do not titrate analgesics and sedatives. 
We commend Zhou et al. (3) on their respiratory 
therapists’ advanced training and privileging.

Thus, the results of this study should be taken with 
caution before generalizing to our patient population and 
clinical practice. It is a single center, efficacy study, with a 
small study population and a very strict research protocol. 
From the scientific standpoint, this study needs replication 
in larger populations and more centers before APRV can be 
considered as a standard of care.

Ventilator performance

In terms of ventilator performance, this is a major area of 
caution for the APRV enthusiast. Zhou et al. (3) used a PB 
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840 to deliver Medtronic’s version of APRV. This ventilator 
has some particular issues that we need to consider. The 
authors carefully and appropriately measured the static 
compliance and resistance, and used this to calculate the 
time constant. They initially set the Tlow to 1–1.5 times 
the time constant. Then, they adjusted the Tlow to achieve 
a termination peak expiratory flow rate of ≥50%. The 
technical issues are: (I) the PB 840 does not measure the peak 
end expiratory flow rate or end (terminal) expiratory flow 
rate while on BiLevel ventilation, thus, calculations have to 
be made by trying to read on the ventilator screen the peak 
and terminal expiratory flow, which is difficult and can easily 
lead to errors. (II) The PB840 has a synchronization feature, 
which synchronizes the transition from Phigh to Plow with 
the expiratory phase of a spontaneous breath (if present) 
that occurs at the end of Thigh. This leads to a variable Tlow 
despite the fact that Tlow is preset (i.e., the synchronization 
feature overrides the setting). This phenomenon was 
described in a study of the BiLevel mode on the PB 84 
ventilator (17). The study noted that the PB 840 ventilator 
is designed to cycle mandatory breaths (i.e., Phigh, Thigh) early 
if a spontaneous exhalation is detected in a synchronization 
window at the end of Thigh. As a result, the actual Tlow values 
(during simulated ventilation of an ARDS patient with 
spontaneous efforts) were not the ones set on the ventilator 
settings. The implication is that use of very short values 
for Tlow made the generation of total PEEP unpredictable. 
Tidal volumes were excessive (average 12.4 mL/kg)  
and total PEEP was not controllable using Tlow in this 

model (Figure 1). These results were actually confirmed in 
the supplemental material of the Zhou et al. study (Figure 2) 
demonstrate the variable Tlow.

Physiological premises

Finally, the issue with physiology; a major point in this 
study is the rapid improvement in gas exchange and 
respiratory system characteristics with APRV. We commend 
the authors for the precise methods they used to record 
these outcomes. We would like to make some points here. 
The first is related to the concept of “release” vs. “inflation” 
pressures, implying these are somehow unrelated. This 
notion is a misconception. It obscures the fact that APRV is 
identical to other modes in that the “releases” are nothing 
other than the last half of mandatory pressure controlled 
breaths. With every “re-pressurization”, the lung starts the 
first half of the mandatory breath, exposing the alveoli to 
volume increase and the risk of strain damage. Emphasizing 
only the exhalation portion of such a breath that APRV 
is less likely to injure the lung, and that tidal volume and 
pressure swings are of no consequence. On the contrary, the 
risk of injury is associated with that portion of the pressure-
volume curve of the lungs on which the tidal volume occurs, 
which depends not only on the ventilator settings in APRV 
but on the patient’s inspiratory effort, and hence on the 
total change in transpulmonary pressure (18).

The second is to highlight the concern about the 
presence of spontaneous breaths during a Thigh. The 

Figure 1 Spontaneous breaths superimposed on a mandatory breath during BiLevel mode with a PB 840 ventilator. When Thigh cycles off in 
synchrony with a spontaneous exhalation, actual Tlow becomes longer than set Tlow resulting in lower end expiratory lung volume and pressure. 
Patm, atmospheric pressure; TEF, terminal expiratory flow; PEF, peak expiratory flow.
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presence of respiratory muscle pressure during Thigh 
exposes the lung to higher transpulmonary pressures. In the 
setting of heterogeneous lung injury, the potential for very 
high local transpulmonary pressures, raises the potential 
for more lung injury (19). Perhaps these swings can be 
ameliorated with some ventilator strategies (20,21), but the 
method has yet to be determined. Another important issue 
is the intensity and amount of minute ventilation supported 
by spontaneous breathes. Zhou et al. presented a novel 
strategy, in which the RTs controlled the level of sedation to 
maintain a specific level of respiratory effort. This strategy 
may minimize those transpulmonary pressure swings. 
Evidently, more studies are needed here. 

The study by Zhou et al. provides images, respiratory 
characteristics, and gas exchange consistent with lung 
recruitment. This is likely due to the fact that the mean 
airway pressure was higher in the patients with APRV, as 
expected. The LVT group received the low PEEP ARDSnet 
table, and this plus lower I:E ratios led to lower mean 
airway pressures and worse markers of recruitment. Now, 
this begs two questions: if the LTV group had the same 

mean airway pressures, would the results be similar? And, 
does this matter? Literature on use of higher PEEP and 
thus, higher mean airway pressures, has shown improved gas 
exchange, and perhaps a decrease in rescue therapies, but 
no difference in ICU or hospital mortality (5,6,22). More 
importantly, not all patients respond similarly to PEEP, and 
we still work on trying to define what is the optimal level. 
With this in mind, we would caution readers on concluding 
overall success in the face of just improving gas exchange. 

Finally, we must address the concept setting Tlow. As 
stated in the study by Zhou et al., “brief release phase (Tlow) 
could permit only partial lung volume loss at the release 
phase, avoid cyclic alveoli collapse, and provide dynamic 
homogeneity”. This statement has continued to permeate 
the literature. In recent years, very detailed studies (23,24) 
examining the effects of setting Tlow on APRV demonstrated 
that de-recruitment occurs very rapidly in animal lung 
models of ARDS. Actually, to maintain recruitment of the 
injured alveoli population requires a very short Tlow, less 
than 0.2 sec [which, by the way, not many ventilators can 
achieve (25) ]. Thus, APRV remains a mode with a potential 

Figure 2 The supplemental material of the paper by Zhou et al. shows exactly this result as well (screen shot from supplemental material 
labeled as Figure S1 Case One). This screen shot of the PB 840 in BiLevel mode with ARPV settings shows the first breath has a Tlow set at 0.41 
s, as indicated in the figure legend. However, the flow waveform for the second breath shows that due to synchrony of mandatory breath 
cycling with a spontaneous breath exhalation, the Tlow is considerably longer.

Tlow =0.45 s

Tlow >0.45 s
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to expose the lung to high transpulmonary pressures, 
cyclic de-recruitment and potentially high tidal volumes, 
along with the possibility of overconfidence in the face of 
improved oxygenation (26).

So overall, the article by Zhou and colleagues adds to the 
literature several items. First, it is the best described APRV 
protocol applied to patients with ARDS to date. Second, 
it describes a protocol where the respiratory therapists 
adjusted the level of sedation to achieve clearly delineated 
ventilation goals. Finally, it raises the potential for a strategy 
with APRV to be studied in a larger group. On the same 
breath we will highlight major concerns with APRV and 
ARDS that will have to be taken into account in any future 
trial. That the ventilator performance is not homogenous 
across platforms and software, that each ventilator has a 
different implementation of APRV and that we lack clear 
data on how to optimize ventilator settings for both the 
APRV and the control group. Furthermore, we emphasize 
that improvement in gas exchange is not equal to improved 
morbidity and mortality, that future studies should match 
sedation practices between experimental and control 
groups, and that we need to learn more about APRV and 
lung injury in spontaneous breathing.
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