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Context and Policy Issues 

Acute respiratory distress syndrome (ARDS) is an extremely dangerous lung condition that 

leads to low oxygen levels in the blood.
1
 Symptoms for ARDS can include the feeling you 

cannot get enough oxygen into your lungs, rapid breathing, and a low blood oxygen level.
1
 

Patients hospitalized for other serious health problems such as sepsis, pneumonia, trauma 

or breathing in harmful fumes or smoke may develop ARDS.
1
 In 2004, it was estimated that 

the extrapolated incidence in for ARDS in Canada was 17,927 out of an estimated 

population of 32,507,874.
2
 Despite progress in mechanical ventilation for ARDS in the past 

few years, the mortality rate of ARDS is still high (approximately 40% of patients with ARDS 

per year).
3
  

The main goal of treatment for ARDS is to improve oxygen levels and provide supportive 

care.
1
 Current mechanical ventilation strategies to treat ARDS include lung protective 

ventilations, namely open lung and low tidal volume.
3
 It has been suggested that open lung 

and low tidal volume ventilations cannot improve oxygenation and may require higher levels 

of sedatives and analgesic agents, which could result in excessive carbon dioxide in the 

blood.
3
 Airway pressure release ventilation (APRV) was introduced in the 1980s as a type 

of continuous positive airway pressure (CPAP) ventilation strategy for ARDS.
4
 It was 

hypothesized that APRV could decrease barotrauma and limit airway pressure 

fluctuations.
4
 The goal of APRV is to maintain a high mean airway pressure for most of the 

ventilator cycle.
4
 APRV can then be used to increase lung capacity without exacerbating 

lung injury, while the patient can maintain spontaneous breathing.
5
   

The purpose of this Rapid Response is to review the clinical effectiveness and evidence-

based guidelines regarding the use of APRV in adult inpatients at risk of or with ARDS. 

Research Questions 

1. What is the clinical effectiveness of airway pressure release ventilation in adult 

inpatients at risk of or with acute respiratory distress syndrome? 

2. What are evidence-based clinical guidelines informing the use of airway pressure 

release ventilation in adult inpatients at risk of or with acute respiratory distress 

syndrome? 

Key Findings 

Two randomized controlled trials and three non-randomized studies were identified 

regarding the clinical effectiveness of airway pressure release ventilation (APRV) in adult 

inpatients at risk of or with acute respiratory distress syndrome (ARDS). No evidence-based 

guidelines were identified. One higher quality study was favourable to the use of APRV in 

patients with ARDS when compared to lung protective ventilation, one low-to-moderate 

quality study was also favourable to the use of APRV when compared to Synchronized 

Intermittent Mandatory Ventilation Mode. When evaluating outcomes associated with APRV 

pre- and post- intervention, another low-to-moderate quality study and two lower quality 
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studies were favourable to the use of APRV. However, due to methodological limitations in 

the studies, these results need to be interpreted with caution.  

Methods 

Literature Search Methods 

A limited literature search was conducted on key resources including PubMed, The 

Cochrane Library, University of York Centre for Reviews and Dissemination (CRD) 

databases, Canadian and major international health technology agencies, as well as a 

focused Internet search. Methodological filters were applied to limit retrieval to systematic 

reviews, health technology assessments and meta-analyses, randomized controlled trials, 

non-randomized studies and guidelines. Where possible, retrieval was limited to the human 

population. The search was also limited to English language documents published between 

January 1, 2013 and January 2, 2018.  

Rapid Response reports are organized so that the evidence for each research question is 

presented separately. 

Selection Criteria and Methods 

One reviewer screened citations and selected studies. In the first level of screening, titles 

and abstracts were reviewed and potentially relevant articles were retrieved and assessed 

for inclusion. The final selection of full-text articles was based on the inclusion criteria 

presented in Table 1. 

Table 1: Selection Criteria 

Population Adult inpatients at risk of or with ARDS in the ICU or ER 

Intervention APRV 

Comparator Q1: ARDSnet (low tidal volume conventional ventilation); open lung ventilation; extracorporeal membrane 
oxygenation; prone ventilation (aka proning); standard care i.e., conventional ventilation; no comparator   
Q2: No comparator 

Outcomes Q1: Clinical effectiveness (e.g., oxygenation, hemodynamics, regional blood flow, patient comfort and 
length of mechanical ventilation, survival, etc.) 
Q2:Clinical guidelines for initiating, managing and/or weaning APRV; expiratory time guidelines  

Study Designs Health technology assessments, systematic reviews, meta-analyses, randomized controlled trials, non-
randomized studies, evidence-based guidelines 

ARDS = Acute Respiratory  Distress Sy ndrome; APRV = Acute Respiratory  Distress Sy ndrome; ER = Emergency  Room; ICU = Intensiv e Care Unit. 

Exclusion Criteria 

Articles were excluded if they did not meet the selection criteria outlined in Table 1, they 

were duplicate publications, or were published prior to 2013. 

Critical Appraisal of Individual Studies 

The randomized and non-randomized studies were critically appraised using the Downs 

and Black checklist.
6
 Summary scores were not calculated for the included studies; rather, 

a review of the strengths and limitations of each included study were described narratively. 
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Summary of Evidence 

Quantity of Research Available 

A total of 255 citations were identified in the literature search. Following screening of titles 

and abstracts, 250 citations were excluded and five potentially relevant reports from the 

electronic search were retrieved for full-text review. Two potentially relevant publications 

were retrieved from the grey literature search. Of these potentially relevant articles, two 

publications were excluded for various reasons, while five publications met the inclusion 

criteria and were included in this report. Appendix 1 describes the PRISMA flowchart of the 

study selection. 

Summary of Study Characteristics 

A summary of included study characteristics is provided in Appendix 2. 

Study Design 

Two randomized controlled trials (RCT) and three non-randomized studies (NRS) were 

identified regarding the clinical effectiveness of APRV in adult inpatients at risk of or with 

ARDS. Two NRSs
5,7

 were single-arm trials and one NRS
8
 had a retrospective cohort 

design. 

Country of Origin 

Two NRSs
5,8

 were conducted in the United States, two RCTs
3,9

 in China, and one NRS
7
 in 

Australia. 

Patient Population 

One of the RCTs
9
 included 138 adults patients in the intensive care unit (ICU) who met the 

Berlin diagnostic criteria of ARDS. The other RCT
3
 included 52 patients with moderate to 

severe ARDS (no diagnostic criteria described) in the ICU. 

The authors of the retrospective cohort study
8
 performed a systematic review and meta-

analysis to gather clinical outcome data from trauma patients with high-risk of ARDS from 

15 different observational studies who had been treated with conventional ventilation. The 

number of patients in the included studies ranged from 122 to 43,664. The study
8
 also 

extracted data from the medical records of 231 trauma patients at high-risk for ARDS who 

were treated with APRV at the authors’ institution (October 2002 to September 2005). 

Of the two studies with a pre- and post- intervention design, one
7
 included 50 patients in the 

ICU who met the Berlin diagnostic criteria of ARDS. The other NRS
5
 included 12 surgical 

patients with morbid obesity (BMI greater than 40 kg/m
2
) who were matched with 36 non-

obese control patients; both populations had ARDS (no diagnostic criteria described). 

Interventions and Comparators 

APRV was the intervention for all of the studies.
3,5,7-9

 One of the NRSs
8
 examined the use 

of APRV as an early intervention before ARDS development in high-risk trauma patients as 

compared with patients receiving conventional ventilation not used as an early intervention . 

The other studies
3,5,7,9

 examined APRV as an intervention once the patients were 

diagnosed with ARDS. The specific mode of APRV that was used was described in three of 

the studies
3,7,9

 but not in two of the studies.
5,8
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One of the RCTs
9
 compared APRV with lung protective ventilation (LTV). The RCT 

explicitly described how LTV was used in patients. The other RCT
3
 compared APRV with 

synchronized intermittent mandatory ventilation (SIMV), a mode on a ventilator. The 

method of SIMV in patients was described in the study. 

The retrospective cohort study
8
 that used APRV as an early intervention to prevent ARDS 

compared APRV to conventional ventilation (conventional ventilation was not explicitly 

described in the study). 

One NRS
7
 had no comparator group; it examined the efficacy and safety APRV post 

intervention. One NRS
5
 compared APRV in morbidly obese patients with non-obese 

patients, examining the efficacy and safety of APRV post intervention. 

Outcomes 

One of the RCTs
9
 examined the number of days without mechanical ventilation from 

enrollment to day 28, and clinical outcomes, such as the length of stay in the ICU and 

hospital, ICU and hospital mortality, and the occurrence of adverse events. The other RCT
3
 

examined probability of survival, duration of ICU s tay, days without organ failure, days 

without sedation, change in disease severity (measured by the APACHE II score) and 

change in lung injury (measured by the Murray lung score). 

One of the NRSs
7
 that performed a post-intervention analysis which measured incidence of 

barotrauma, ICU and hospital length of stay, mortality, and requirement for tracheostomy. 

As one of the NRSs
8
 examined APRV as an intervention to prevent ARDS, outcomes 

included development of ARDS, in-hospital mortality, and ARDS-related mortality. Another 

NRS
5
 examined the effects of APRV in morbidly obese patients propensity matched with 

non-obese controls. All patients were treated with APRV when the underlying disease 

processes and oxygenation were stabilized. The study then examined different outcomes 

post-intervention between the two groups including: ICU length of stay, complications, 

requirement of a tracheostomy, and percentage of patients who went home (described as 

“disposition”).  

Summary of Critical Appraisal 

A tabulated summary of the critical appraisal of included literature is provided in  Appendix 

3. 

One of the RCTs
9
 was a fairly high-quality study with minimal limitations. It clearly 

described patient characteristics, inclusion and exclusion criteria, randomization methods, 

and the intervention and comparator. A power calculation was performed to determine the 

sample size number that would be required to detect a significant difference  between 

groups. Reasons for dropout were described, rate of attrition was reasonable, and 

limitations of the study were discussed such as the lack of blinding in the study, the small 

sample size, and the possibility of knowledge bias by staff. Blinding was not performed 

because it was not possible, as there is no way to blind two different settings  on the 

ventilator (APRV and LTV are different settings); outcomes assessors were also not 

blinded.  

The other RCT
3
 was a low-to-moderate quality study which clearly described patient 

characteristics and randomization. Inclusion and exclusion criteria were not well described; 

it was unclear where patients were recruited from; it was difficult to determine if patients 

were representative of the ARDS population because patient characteristics were not well 
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described and we do not know where patients were recruited from (e.g., single institution, 

multiple institutions); no power calculation was performed; limitations of the study were not 

discussed; and blinding was not performed (although, this was not possible because SIMV 

and APRV are different settings on the ventilator). 

One of the NRSs
7
 was a low-to-moderate quality study, which clearly described patient 

characteristics, inclusion and exclusion criteria, outcomes, and limitations in the study. 

Nevertheless, no power calculation was performed, data came from a single institution and 

may not be a true reflection of the ARDS population, and confounders were not adjusted for 

in the analysis. There was also no comparator group in this study; therefore, it would be 

difficult to make any causal inferences  between APRV and the observed outcomes .  

Another lower quality study
8
 described the hypothesis, inclusion and exclusion criteria, main 

outcomes, and data analysis.  The study was likely to be representative of high-risk trauma 

patients who may develop ARDS, as the sample size was large and data were obtained 

from multiple institutions. The s tudy, however, did not explicitly state what exactly the 

comparator (“conventional ventilation”) was. There was no evidence of a power calculation 

performed, even though they compared a sample size of 231 patients treated with APRV to 

a sample size of 46,000+ treated with conventional ventilation. The study focused on high-

risk trauma patients that may develop ARDS, however, there are many reasons to develop 

ARDS (e.g., pneumonia, major surgical procedures); therefore, the study may not be an 

accurate representation of all patients with ARDS, just high-risk trauma patients. Data for 

the comparator group was taken from a systematic review of studies and baseline 

characteristics of included studies were measured; some studies had strict inclusion criteria 

(e.g., patients with an injury severity score of ≥16), others had broad criteria (e.g., trauma 

patients). Moreover, the comparative data sometimes lacked any indication for a calculation 

on statistical significance (e.g., p-value, confidence intervals). It was  unclear if patients in 

the APRV group received conventional ventilation prior to receiving APRV; the  study also 

discussed a possibility that the patients in the conventional ventilation group may have 

been treated with APRV as a “rescue therapy” if patients had already developed ARDS 

criteria. It was unclear if patients in the conventional ventilation group received the same 

type of ventilation. There was no indication of the length of treatment for patients in both 

cohorts.  

Another lower quality study
5
 described the patient characteristics of the obese patients  and 

outcomes well. They also used matched subjects (propensity matching 1:3) to reduce 

confounding. Nevertheless, inclusion and exclusion criteria were not clear, baseline 

characteristics of matched controls were not described, and there was a small sample size 

(N = 48) with no power calculation. There was no comparator treatment in this study (all 

patients received APRV) making it difficult to make any causal inferences between APRV 

and the observed outcomes. The single institution data and small sample size may not 

adequately reflect the broader ARDS population.  

Summary of Findings 

A tabulated summary of the summary of findings is provided in Appendix 4. 

All of the studies
3,5,7-9

 were favourable to the use of APRV in patients with, or at high-risk, of 

ARDS.  
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ICU Length of Stay 

One RCT
9
 reported a shorter duration of ICU stay in APRV when compared to LTV (P = 

0.015). The other RCT
3
 reported that compared with SIMV, APRV shortened the duration of 

ICU stay (P < 0.05). One NRS
7
 reported  the median ICU length of stay was 12 days (IQR 

8-22). One study
5
 found ICU length of stay was 12.2 days, in morbidly obese patients and 

10.2 in non-obese patients when APRV was used. 

Mortality 

One RCT
9
 reported no significant difference between APRV and LTV in death during ICU or 

hospital stay. Another RCT
3
 reported no statistically significant difference between groups 

in the 28 day survival rate. One NRS
7
 found the ICU mortality was 19/50 (38%) in patients 

who were treated with APRV. One NRS
8
 concluded that early application of APRV in high-

risk trauma patients could significantly reduce ARDS mortality. The APRV group showed 

the lowest in-hospital mortality rate at 3.9% (compared to 14.1% in conventional 

ventilation). 

Tracheostomy 

One RCT
9
 reported that APRV required fewer tracheos tomies when compared to LTV (P = 

0.013). In one NRS,
5
 17% of obese patients required a tracheostomy and 25% of non-

obese patients required a tracheostomy.   

Ventilator Days 

One RCT
9
 reported that compared with conventional LTV, early application of APRV in 

patients with ARDS was associated with more ventilator-free days at 28 days after 

treatment initiation (P < 0001). One RCT
3
 also found a statistically significant difference in 

days off ventilator time in favour of APRV when compared to SIMV (P < 0.05). One NRS
7
 

noted that patients on APRV were on the ventilator for a median duration of 51 hours. One 

NRS
5
 reported that morbidly obese patients had a mean number of ventilator days of 9.75 

and non-obese patients had a mean of 7.85 days. 

Other Effectiveness and Safety Outcomes by Study 

One RCT
9
 reported that using APRV resulted in more successful extubations than LTV (P = 

0.001). No statistically significant differences were found between APRV and LTV for 

incidence of pneumothorax between day 1 and day 28 and median length of hospital stay. 

One RCT
3
 reported APRV also had an increased time (in days) with no sedative when 

compared with SIMV (P < 0.05). No statistically significant differences were found between 

APRV and SIMV in a decrease of APACHE II or Murray Acute Lung Injury score over 72 

hours. There was also no statistically significant difference between groups in time (in days) 

without organ failure. 

One NRS
7
 concluded that the initiation of APRV in patients with ARDS improved 

oxygenation (shown in graph form) and was associated with a low incidence of clinically 

significant barotrauma. Incident barotruma occurred in 7/50 patients (14%) and intercostal 

catheter insertion occurred in 2/50 patients (4%). 

One NRS
8
 concluded that early application of APRV in high-risk trauma patients could 

significantly reduce ARDS incidence. The APRV group showed a lower mean ARDS at 

1.3% (compared to 14.0% in conventional ventilation). The study also had boxplots 

expressing ranges for both treatment groups for overall mean injury severity score (APRV 
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group was in the upper quartile), percent of ARDS (APRV group was around minimum 

value for the conventional ventilation group), and percent of in-hospital mortality (APRV 

group was around minimum value for the conventional ventilation group). 

One of the studies
5
 examined the use of APRV in morbidly obese surgical patients and 

non-obese control patients. The study concluded that APRV was a useful ventilation 

strategy in morbidly obese surgical patients with already compromised lung functions. For 

the morbidly obese group, 25% of morbidly obese patients had complications. For the non-

obese group, 15% of patients had complications. 

Limitations 

Two of the included studies
5,7

 had no comparator due to the study design (single-arm trial), 

making it difficult to make any causal inferences between the treatment and the outcomes . 

The two RCTs
3,9

 could not have blinded the patients, those administering the interventions, 

or those assessing outcomes because the intervention and comparator were two distinct 

settings on a ventilator, which may have introduced possible measurement bias.  

Moreover, APRV has evolved into a highly sophisticated, physiology-driven, dynamic 

mechanical breath profile with precise settings, thus some staff may be better trained to use 

APRV than others which may be another limitation in all the studies.
9
  APRV was also 

found to have the highest variability in device operations among the three main modes of 

ventilation: mandatory minute ventilation, pressure control ventilation, which includes airway 

pressure release ventilation, and pressure support ventilation.
10

 This means that patients 

who were treated with APRV may have gotten varying treatments, instead of the same 

treatment. Conversely, all but one study,
5
 explicitly described the exact method of APRV 

that was used in the study, which would align treatments as much as possible. 

Conclusions and Implications for Decision or Policy Making 

Two RCTs and three NRSs were identified regarding the clinical effectiveness of APRV in 

adult inpatients at risk of or with ARDS. 

One higher-quality study
9
 reported a statistically significant difference in favour of APRV 

compared to LTV in five outcomes (ventilator-free days at 28 days, shorter duration of ICU 

stay, fewer tracheostomies, and less occurrence of death during ICU stay). Another low-to-

moderate quality study
3
 reported statistically significant results in favour of APRV compared 

to SIMV in two outcomes (shortened ICU stay and time with no sedative). Two NRSs, one 

low-to-moderate quality and the other low quality, did not provide any data comparing 

APRV to alternative ventilation methods, but rather reported post-intervention outcomes for 

all patients treated with APRV. One low quality NRS
8
 did not provide any statistical 

calculations when comparing the two interventions  (instead, a boxplot expressing ranges 

for each outcome were provided). The results from all of these studies need to be 

interpreted with caution, as some of these studies are mixed quality and have some 

significant limitations.   

Overall, three studies were favourable to the use of APRV in patients with ARDS, one study 

was favourable to the use of APRV in patients who were at high risk of developing ARDS, 

and another study reported that APRV was a useful ventilation strategy in critically ill 

morbidly obese surgical patients with already compromised lung function. Due to 

methodological limitations of the identified studies, future high quality research comparing 
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APRV with alternative ventilation options is  needed to further examine if APRV is an 

effective and safe treatment for ARDS.  
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Appendix 1: Selection of Included Studies 
 
 
 
 

  

250 citations excluded 

5 potentially relevant articles retrieved 

for scrutiny (full text, if available) 

2 potentially relevant 
reports retrieved from 
other sources (grey 

literature, hand search) 

7 potentially relevant reports 

2 reports excluded: 

-irrelevant population (1) 
- poster presentation (1) 

 

5 reports included in review 

255 citations identified from electronic 

literature search and screened 
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Appendix 2: Characteristics of Included Publications 

Table 1: Characteristics of Included Publications 

First Author, Year, 

Country 

Patient 

Characteristics 

Intervention Comparator(s) Outcomes 

Randomized Controlled Trials 

Zhou, 2017, China
9
 Adult patients (N = 138) 

in the ICU who met the 
diagnostic criteria of 
ARDS (Berlin 
definition

a
) 

 
APACHE II score:  
APRV group: 22.0±7.9 
LTV group: 20.2±7.6 
 

APRV 
 
Settings: High airway 
pressure (Phigh) set at 
the last plateau airway 
pressure (Pplat), not to 
exceed 30 cm H2O) 
and low airway 
pressure ( Plow) set at 5 
cm H2O; 
the release phase ( 
Tlow) setting adjusted to 
terminate the peak  
expiratory flow rate to ≥ 
50%; release frequency 
of 10–14 cycles/min 

LTV 
 
Settings: Target tidal 
volume of 6 mL/kg of 
predicted 
body weight; Pplat 
not exceeding 30 cm 
H2O; positive end-
expiratory pressure 
(PEEP) guided by the 
PEEP–FiO2 
table according to the 
ARDSnet protocol 

 Number of days 
without mechanical 
ventilation from 
enrollment to day 
28 

 The length of stay 
in the ICU and 
hospital 

 ICU mortality and 
hospital mortality 

 The occurrence of 
adverse events 

Li, 2016, China
3
 Patients (N = 52) with 

moderate to severe 
ARDS in the ICU 
 
APACHE II score:  
APRV group: 18.5±4.6 
SIMV group: 17.7±6.7 
 
Median Murray Lung 
Injury Score: 
APRV group: 3.3±0.5 
SIMV group: 3.2±0.5 
 
 

APRV 
 
Settings: Airway high 
mean pressure (Phigh) 
was preset to 30 cm 
H2O. Time of high 
duration (Thigh) was set 
to 4 to 8 seconds. 
Airway low mean 
pressure (Plow) was 0 
cm H2O, Time of low 
duration (Tlow) was set 
to 0.4 to 0.8 second. 
PEEP was set to Pflex 
+2 cm H2O 
 

 

SIMV 
 
Settings: Mechanical 
ventilation parameters  
were adjusted on the 
basis of the analysis of 
arterial blood gas and 
pulse oxygen saturation 
(SpO2) with tidal volume 
6 ml to 8 ml per kg, 
plateau airway pressure 
under 35 cm H2O, 
respiratory 
frequency of 14 to 20 
times per minute, 
minute ventilation 
volume equal to 4L to 
10L per min and 
regulating FiO2 between 
40% to 100% 

 Probability of 
survival at 28 days  

 Duration of ICU 
stay 

 Days without organ 
failure  

 Days without 
sedation 

Non-Randomized Studies 

Lim, 2016, Australia
7
 

 
(Uncontrolled pre- 

and post-intervention 
study) 

Adult patients (N = 50)  
in the ICU who met the 
diagnostic criteria of 
ARDS (Berlin 
definition

a
) 

 
Median APACHE II 
score [IQR]: 23 [19-29] 
 

APRV 
 
Settings: Release time 
was adjusted to 
maintain a peak 
expiratory flow 
rate termination of 50–
75%, the number of 
releases was minimized 

No comparator  Incidence of 
barotrauma 

 ICU and hospital 
length of stay and 
mortality 

 Requirement for 
tracheostomy 
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Table 1: Characteristics of Included Publications 

First Author, Year, 
Country 

Patient 
Characteristics 

Intervention Comparator(s) Outcomes 

ARDS severity, No. (5): 
Mild: 12 (24%) 
Moderate: 17 (34%) 
Severe: 21 (42%) 
 
Median Murray Lung 
Injury Score [IQR]: 3.5 
[2.5-3.9] 

to 
encourage spontaneous 
breathing, automatic 
tube compensation was 
set at 100% 

Andrews, 2013, 

United States
8
 

 
(Retrospective cohort 

study) 

Patient data from a SR 
which included trauma 
patients at high risk for 
ARDS (16 observational 
studies, 15 studies were 
included in the meta-
analysis) who were 
given conventional 
ventilation were 
compared with patient 
data from their own 
trauma centre in which 
patients at high risk for 
ARDS were treated with 
early APRV to prevent 
ARDS 
 
The number of patients 
in the included studies 
in the SR receiving 
conventional ventilation 
ranged from 122 to 
43,664 
 
The number of patients 
from the trauma centre 
who had APRV = 231 

APRV 
 
Settings: The 
combination of the 
upper pressure setting 
(PHigh) and the upper 
time setting (THigh) were 
set to maintain at least 
90% total continuous 
positive airway pressure 
(CPAP) time. The lower 
pressure setting (PLow) 
was set to 0 cmH2O 
and the lower time 
setting (TLow) was set to 
terminate at 75% of the 
peak expiratory flow 
rate based on the 
expiratory flow-time 
graphic 

Conventional ventilation  Development of 
ARDS per 
American-
European 
Consensus 
Conference 
definition 
(Pao2/FIO2 < 200)  

 In-hospital mortality 
 ARDS-related 

mortality 

Testerman, 2013, 
United States

5
 

 
(Uncontrolled pre- 
and post-intervention 

study) 

12 surgical patients with 
morbidly obese (BMI 
greater than 40 kg/m

2
) 

matched with 36 non-
obese control subjects, 
all with ARDS 

APRV 
 
Settings: Involved 
decreasing 
the pressure high (Phigh) 
and increasing time 
high involved 
decreasing 
the pressure high ( high) 
and increasing time 
high 

No comparator  ICU length of stay 

 Complications 
 Number of 

tracheostomies 

 Discharged to 
home from hospital 

APACHE = Acute Phy siology  and Chronic Health Ev aluation; APRV = Airway  Pressure Release Ventilation; ARDS = Acute Respiratory  Distress Sy ndrome; ICU = 

Intensiv e Care Unit; LTV = lung protectiv e v entilation; SIMV = Sy nchronized Intermittent Mandatory  Ventilation Mode. 
a
Berlin Criteria includes: 

 A ratio of  partial pressure arterial oxy gen and f raction of  inspired oxy gen (PaO2: FiO2) of  ≤250 during inv asiv e mechanical v en tilation 
 Patients hav e receiv ed endotracheal intubation and mechanical v entilation f or <48h prior to inclusion 
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Appendix 3: Critical Appraisal of Included Publications 

Table 2: Strengths and Limitations of Randomized Controlled Trials and Non-Randomized 

Studies using the Downs and Black Checklist6 

Strengths Limitations 

Zhou, 2017
9
 

 Patient characteristics clearly described 

 Inclusion and exclusion criteria clearly described 
 Randomization described 

 Intervention and comparator were clearly described 

 Power calculation was performed 
 Reasons for patient dropout described  

 Patients likely to be a good representation of patients with 
ARDS 

 Limitations of the study were discussed including such as 
the lack of blinding in the study, the small sample size, and 
the possibility of knowledge bias by staff   

 No blinding (although, this was not possible as there is no 
way to blind two different settings  on the ventilator) 

Li, 2016
3
 

 Patient characteristics clearly described 

 Randomization described (“random number table”) 
 

 Inclusion and exclusion criteria not well described 

 Unclear where patients were recruited from 
 Difficult to determine if patients were representative of the 

ARDS population 

 No power calculation performed 
 No blinding (again, this would not have been possible, as 

there is no way to blind two different settings on the 
ventilator) 

 Limitations of the study were not discussed 
 

Lim, 2016
7
 

 Patient characteristics clearly described 

 Inclusion and exclusion criteria were explicitly described 

 Outcomes clearly described 
 Limitations were explicitly described, such as initiation of 

APRV was based on the decision of the treating clinician 
rather than a guideline; moreover, data on sedation and  
neuromuscular blockade was not obtained, nor spontaneous 
ventilation in relation to total minute ventilation recorded 

 No power calculation performed 

 Single institution data may not be a true reflection of the 
ARDS population (external validity) 

 There was no comparator in this study, therefore, no 
comparative data was provided making it difficult to make 
any causal inferences 

 Confounders were not adjusted for 

Andrews, 2013
8
 

 Hypothesis was clearly described 
 Inclusion and exclusion criteria clearly described  

 The study is likely to be representative of high-risk trauma 
patients who develop ARDS; data was obtained from many 
different institutions 

 Main outcomes described 

 Data analysis explained 

 Did not explicitly state what “conventional ventilation is” 
 No evidence of a power calculation performed (especially 

concerning because they are comparing a sample size of 
231 patients to a sample size of 46,000+) 

 The study focused on high-risk trauma patients that develop 
ARDS, however, there can be many reasons to develop 
ARDS (e.g., pneumonia, major surgical procedures); 
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Table 2: Strengths and Limitations of Randomized Controlled Trials and Non-Randomized 
Studies using the Downs and Black Checklist6 

Strengths Limitations 

 therefore, the study may not be an accurate representation 
of all patients with ARDS, just high-risk trauma patients 

 Baseline characteristics of included studies were measured 
differently (some had strict inclusion criteria [e.g., patients 
with an injury severity score of ≥16], others had broad 
criteria [e.g., trauma patients]) 

 Comparative data sometimes lacks any indication of a 
calculation for statistical significance (p-value, confidence 
intervals) 

 It is unclear if patients in APRV group received conventional 
ventilation prior to receiving APRV 

 It is unclear if patients in the “conventional ventilation” group 
received the same type of ventilation  

 There is a possibility that the patients in the conventional 
ventilation group may have been treated with APRV  

 There is no indication oflength of treatment 

Testerman, 2013
5
 

 Patient characteristics described 

 Used matched subjects to reduce confounding 
 Outcomes described 

 Inclusion and exclusion criteria is not clear 

 Baseline characteristics of matched controls are not 
described 

 Small sample size with no power calculation 

 There was no comparator in this study, therefore, no 
comparative data was provided making it difficult to make 
any causal inferences  

 Single institution data and small sample size may not be a 
true reflection of the ARDS population (external validity) 

 Limitations are not discussed 
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Appendix 4: Main Study Findings and Author’s Conclusions 

Table 3: Summary of Findings of Included Studies 

Main Study Findings Author’s Conclusion 

Zhou, 2017
9
 

Median number of days of ventilation [IQR]: 

 APRV: 8 [5-14] 

 LTV: 15 [7-22] 
 P = 0.001 
 
Median number of ventilator-free days at 28 days [IQR]: 
 APRV: 19 [8-22] 

 LTV: 2 [0-15] 

 P < 0.001 
 
Number of successful extubations: 

 APRV: 47/71 (66.2%) 
 LTV: 26/67 [38.8%] 

 P = 0.001 
 
Number of tracheostomies: 

 APRV: 9/71 (12.7%) 

 LTV: 20/67 (29.9%) 
 P = 0.013 
 
Median length of ICU stay (days): 

 APRV: 15 [8-21] 
 LTV: 20 [10-32] 

 P = 0.015 
 
Pneumothorax between day 1 and day 28: 

 APRV: 3 (4.2%) 

 LTV: 7 (10.4%) 
 P = 0.199 
 
Death during ICU stay: 
 APRV: 14 (19.7%) 

 LTV: 23 (34.3%) 

 P = 0.053 
 
Median length of hospital stay [IQR]: 

 APRV: 21 [14-30] 
 LTV: 27 [18-41] 

 P = 0.055 
 
Death during the hospital stay: 

 APRV: 17 (23.9%) 

 LTV: 25 (37.3%) 

 P = 0.088 
 
 
 

“Compared with conventional LTV, the early application of APRV 
in patients with ARDS was associated with better oxygenation 
and respiratory system compliance, lower plateau airway 
pressure, less sedation requirement, more ventilator-free days at 
day 28, and a shorter duration of ICU stay.” (page 1658) 
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Table 3: Summary of Findings of Included Studies 

Main Study Findings Author’s Conclusion 

Li, 2016
3
 

APACHE II Score 
Baseline 

 APRV: 18.5±4.6 

 SIMV: 17.7±6.7 
 P = 0.672 
24 hours 

 APRV: 17.3±5.8 
 SIMV: 17.4±5.4 

 P = 0.934 
48 hours 
 APRV: 16.3±6.1 

 SIMV: 16.5±6.0 

 P = 0.899 
72 hours 

 APRV: 13.9±3.2 

 SIMV: 14.3±4.2 
 P = 0.734 
 
Murray Acute Lung Injury Score 
Baseline 

 APRV: 3.3±0.5 

 SIMV: 3.2±0.5 
 P = 0.721 
24 hours 

 APRV: 2.6±0.4 

 SIMV: 2.9±0.4 
 P = 0.003 
48 hours 

 APRV: 2.1±0.6 
 SIMV: 2.5±0.6 

 P = 0.899 
72 hours 

 APRV: 1.2±0.5 

 SIMV: 1.1±0.4 
 P = 0.734 
 
28 day survival rate 

 8/26 (28.5%) in the APRV group died 
 9 (34.6%) in the SIMV group died 

 Differences were not statistically significant (P>0.05) 
 
Time in ICU 

 APRV: 7.4±3.3 days 

 SIMV: 9.5±3.2 days 
 P <0.05 
 
Time of No Organ Failure 
 APRV: 15.2±3.3 days 

 SIMV: 14.5±4.2 days 

“…APRV, as a mechanical ventilation treatment for moderate or 
severe ARDS parents, provided better and early respiratory 
support while improving the lung function. Additionally, APRV: i) 
improved hemodynamics and tissue perfusion, ii) decreased the 
sedative use time, iii) reduced the duration of mechanical 
ventilation, and iv) shortened the duration of ICU stay. 
Nevertheless, our sample size was small, and studies with larger 
sample sizes can help us to better explore the possibilities 
offered by airway pressure release ventilation.” (page 2640) 
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Table 3: Summary of Findings of Included Studies 

Main Study Findings Author’s Conclusion 

 P >0.05 
 
Time with No Sedative 

 APRV: 22.4±8.5 days 
 SIMV: 17.1±8.6 days 

 P <0.05 
 

Days Off Ventilator Time 

 APRV: 19.6±8.2 days 

 SIMV: 15.1±8.9 days 
 P <0.05 

Lim, 2016
7
 

 A ratio of partial pressure arterial oxygen and fraction of 
inspired oxygen described in graph form. The graph shows 
an increase of O2 once APRV had been implemented, 
which keeps increasing over time  

 
Concurrent therapy requirement, n (%)  

 Nitric oxide, 6 (12) 

 Epoprostenol, 12 (24) 
 ECMO, 3 (6) 

 Proning, 0 
 Oscillation, 0 
 
Barotrauma, n (%)  

 Pneumothorax, 4 (8) 
 Pneumomediastinum, 1 (2) 

 Multiple, 3 (6) 
 New intercostal catheter, 2 (4) 
 
Median mechanical ventilation duration (IQR, hours)  

 207 (111–363) 
 
Tracheostomy, n (%)  

 11 (22) 
 
Median ICU LOS (IQR, days)  

 12 (8–22) 
 
ICU mortality, n (%)  

 19 (38) 
 
Hospital mortality, n (%)  
 19 (38) 
 
Safety of APRV 

 Incident barotrauma occurred in 7/50 (14%)* 
 Intercostal catheter insertion occurred in 2/50 (4%)*  
*These events occurred 48 hours and 7 days post-APRV and 
there was no association with early mortality 

“In patients with ARDS and severe hypoxaemia respiratory 
failure, initiation of APRV was associated with an early and 
sustained improvement in oxygenation and low incidence of 
clinically significant barotrauma and progression to 
[extracorporeal membrane oxygenation]. The safety and efficacy 
of APRV as a rescue strategy for patients with ARDS and 
severe hypoxaemia respiratory failure requires further 
consideration.” (page 159) 
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Table 3: Summary of Findings of Included Studies 

Main Study Findings Author’s Conclusion 

Andrews, 2013
8
 

 In-hospital mortality in all groups 
o Mean of 14.02%; SE 2.42%; CI 8.86%-19.18% 

 The APRV group showed the lowest in-hospital mortality 
rate at 3.9% (compared to 14.1% in conventional 
ventilation) 

 Incidence of ARDS in all groups  
o Mean of 14.14%; SE 1.75%; CI 10.39%-17.89% 

 The APRV group showed a lower mean ARDS at 1.3% 
(compared to 14.0% in conventional ventilation) 

 To evaluate performance, the study calculated [(mortality% 
x ARDS%)/mean ISS]; the highest score represented the 
worst performance where population of less injured patients 
had high in-hospital mortality and high ARDS; the lowest 
score represented the best performance 

o APRV group: 0.175 on the boxplot for therapy 
performance, indicating the most successful 
outcome 

o Results for the conventional ventilation group not 
provided 

“Our results suggest that early application of APRV in high-risk 
trauma patients can significantly reduce ARDS incidence and 
mortality.” (page 640) 

Testerman, 2013
5
 

Ventilator Days 

 Morbidly obese: 9.75 (3.7) 

 Non-morbidly obese: 7.85 (2.7) 
 P = NS 
 
ICU Length of Stay 

 Morbidly obese: 12.2 (3.8) 
 Non-morbidly obese: 10.2 (3.5) 

 P = NS 
 
Complication(s) (%) 

 Morbidly obese: 25% 

 Non-morbidly obese: 15% 
 P = NS 
 
Tracheostomy (%) 
 Morbidly obese: 17% 

 Non-morbidly obese: 25% 

 P = NS 
 
Disposition to home 

 Morbidly obese: 58% 
 Non-morbidly obese: 75% 

 P < 0.05 

“In the increasing segment of critically ill morbidly obese surgical 
patients with already compromised lung function, APRV 
ventilation is a useful alternative strategy to provide the benefits 
of a near permanent recruitment maneuver with the ability to 
augment oxygenation.” (page 245) 

APRV = Airway  Pressure Release Ventilation; ARDS = Acute Respiratory  Distress Sy ndrome;  CI = Conf idence Interv al; ICU = Intensiv e Care Unit; IQR = Interquartile 

Range; ISS = Injury  Sev erity  Score; LTV = lung protectiv e v entilation; NS = Nonsignif icant; SD = Standard Dev iation; SE = Standard Error; SIMV = Sy nchronized 

Intermittent Mandatory  Ventilation Mode. 

 


