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Background: It is uncertain whether airway pressure release ventilation (APRV) is better than low tidal
volume ventilation (LT'VV) for patients with acute respiratory distress syndrome (ARDS). The purpose of
this meta-analysis was to compare APRV and LT'VV on patients with ARDS.

Methods: Randomized controlled trials (RCTs) comparing outcomes in ARDS ventilator therapy with
APRV or LTVV were identified using Medical Literature Analysis and Retrieval System Online (MEDLINE),
Excerpta Medica Database (EMBASE), Cumulative Index to Nursing and Allied Health Literature
(CINAHL), Web of Science, the Cochrane Library, and The Chinese Biomedicine Literature Database
(SinoMed) from inception to March 2019.

Results: A total of 7 RCTs with a 405 patients were eligible for our meta-analysis. The results revealed
that APRV was associated with lower hospital mortality [405 patients; odds ratio (OR), 0.57; 95% confidence
interval (CI), 0.37-0.88; P=0.01], a shorter time of ventilator therapy [373 patients; mean difference (MD),
5.36; 95% CI, 1.99-8.73; P=0.002], and intensive care unit (ICU) stay (315 patients; MD, -4.50; 95% CI,
-6.56 to -2.44; P<0.0001), better respiratory system compliance on day 3 (202 patients; MD, 8.19; 95% CI,
0.84-15.54; P=0.03), arterial partial pressure of oxygen/fraction of inspired oxygen (PaO2/FiO2) on day 3 (294
patients; MDD, 44.40; 95% CI, 16.05-72.76; P=0.002), and higher mean arterial pressure (MAP) on day 3 (285
patients; MD, 4.18; 95% CI, 3.10-5.25; P<0.00001). There was no statistical difference in the incidence of
pneumothorax (170 patients; OR, 0.40; 95% CI, 0.12-1.34; P=0.14).

Conclusions: The meta-analysis showed that APRV could reduce hospital mortality, duration of
ventilation and ICU stay, improve lung compliance, oxygenation index, and MAP compared with LTVV for
patients with ARDS. We found APRV to be a safe and effective ventilation mode for patients with ARDS.
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Introduction aspiration, and trauma (1). Despite great improvements

Acute respiratory distress syndrome (ARDS) is an extremely in mechanical ventilation in recent years, the mortality

dangerous lung condition that leads to low blood oxygen rate of ARDS is still high (40%) (2). Low tidal volume
levels, and is commonly caused by sepsis, pneumonia, ventilation (LTVV), optimum positive end-expiratory
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pressure, permissive hypercapnia, lung recruitment, and
the prone position are common treatments for ARDS (3-6).
The prognosis of ARDS is closely related to mechanical
ventilation airway pressure (7). Severe ARDS, even when
treated with a LT'VV strategy, can result in high airway
pressure and a poor prognosis. Airway pressure release
ventilation (APRV) was first conceptualized by Stock and
Downs in 1987 (8). The technique is a pressure-limited,
time-cycled mode of ventilation, based on continuous
positive airway pressure (CPAP) (9). The approach involves
long duration (Ty,) high airway pressure (Pyg) and short
duration (T),,) low airway pressure (P,). Patients are able
to maintain spontaneous breathing during ventilation with
biphasic positive airway pressure (BIPAP) ventilation via
a special time switching mode (10). Potential advantages
of APRV in ARDS include reduction in atelectrauma
through decreased cyclical recruitment and de-recruitment,
increased recruitment of lung units due to an increase
in functional residual capacity, unrestricted spontaneous
breathing, which improves ventilation/perfusion (V/Q)
matching, and decreased sedation and neuromuscular
blockade requirements (11-14).

Zhou et al. found that APRV could improve oxygenation
and respiratory system compliance, decrease plateau

pressure (P,.) and reduce the duration of both mechanical

pla
ventilation and intensive care unit (ICU) stay in patients
with ARDS, as compared with LTVV (15). However, the
benefits of APRV over conventional ventilation need to
be confirmed. Many prospective randomized controlled
trials (RCT5) and retrospective clinical trials have evaluated
the feasibility, safety, and efficacy of APRV and LTVV
for patients with ARDS. However, there are still some
controversies in recent research for the two different
ventilation modes. The aim of our systematic review and
meta-analysis was to confirm whether patients with ARDS
have better primary outcomes (death during hospitalization
and the number of ventilator-free days by day 28) when
ventilated using APRV compared with LTVV.

We present the following article in accordance with the
PRISMA reporting checklist (available at http://dx.doi.
org/10.21037/atm-20-6917).

Methods

Protocol development and review publication were
performed in accordance with the Preferred Reporting
Items for Systematic Reviews and Meta-Analysis (PRISMA)
guidelines (16).

© Annals of Translational Medicine. All rights reserved.
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Literature search strategy

We searched the data from Medical Literature Analysis
and Retrieval System Online (MEDLINE), Excerpta
Medica Database (EMBASE), Cumulative Index to
Nursing and Allied Health Literature (CINAHL), Web of
Science, the Cochrane Library, and Chinese Biomedicine
Database to March 2019 for potentially eligible studies.
The following search terms were used: “acute respiratory
distress syndrome” or “acute lung injury (ALI)” or
“ARDS” or “ALI”; “airway pressure release ventilation”
or “APRV”; “low tide volume ventilation” or “small tide
volume ventilation” or “LTVV” or “STVV”. Language
was restricted to Chinese and English, and all studies were
conducted on humans. We included only RCTs.

Study eligibility criteria

We included all RCTs evaluating the use of APRV
compared with LI'VV for patients with ARDS. All patients
were adults (age >18 years) diagnosed with ARDS/acute
lung injury, defined as PaO,/FiO, <300 mmHg. We
excluded patients with cardiogenic pulmonary edema,
asthma, and severe chronic lung diseases. We also excluded
case reports, literature reviews, and observational studies.
The search was restricted to the Chinese and English
languages, and all studies were conducted on humans.

Outcomes measured

The primary outcomes of this study were death during
hospitalization and the number of ventilator-free days by
day 28. Secondary outcomes were respiratory mechanical
parameters (respiratory system compliance on day 3),
hemodynamics [mean arterial pressure (MAP) on day 3],
oxygenation (PaO,/FiO, on day 3), length of ICU stay, and

clinical complication (pneumothorax).

Selection of studies, data extraction, and quality assessment

All procedures were independently reviewed by two authors
(Hao Yang, Qin Wu) in accordance with the prespecified
inclusion criteria. Data extraction and quality assessment
were based on the Cochrane risk of bias tool (17). The
general information extracted included study characteristics
(age, gender, design, ventilator mode, sample size, acute
physiology and chronic health enquiry (APACHE II) score,
Murray score, PaO,/FiO, at baseline, type of patients, and
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Figure 1 PRISMA flowchart. PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analysis.

APRV initial setting), intervention and settings, adverse
events, risk of bias, and outcome results. We contacted
studies’ authors for detailed data to calculate the mean
and standard deviation (SD) for studies that reported only
medians. If the authors did not provide detailed data, we
estimated the mean and SD using the methods developed
by Wan et 4/. (18). Any disagreements regarding data
collection, data extraction, and quality assessment were
resolved by consensus.

Statistical analysis

All individual outcomes were integrated with the meta-
analysis software Review Manager (RevMan) version 5.3
(Cochrane Collaborative, Oxford, United Kingdom).
Clinical heterogeneity was evaluated by qualitative
assessment of study and intervention differences.
Heterogeneity of the enrolled studies was evaluated by the
Chi-square (’) test and a P value of 0.1 was considered
to indicate a significant difference. We used I’ values to
evaluate statistical heterogeneity, with values of 25%, 50%,
and 75% representing low, moderate, and high degrees of
heterogeneity, respectively.

Results were analyzed with the random-effects method,
if significant heterogeneity (P<0.05 was used to define
statistically significant heterogeneity) was detected among

© Annals of Translational Medicine. All rights reserved.

the studies. Otherwise, a fixed-effects model was adopted.
Dichotomous variables were analyzed using the Mantel-
Haenszel method and were expressed as odds ratios (OR).
Continuous variables were analyzed using the inverse
variance random-effects model and were expressed as mean
differences (MD).

Forest and funnel plots were used to show the outcome
parameters and evaluate publication bias, respectively.

Results
Study characteristics

Our search yielded a total of 490 potential articles, of which
483 were excluded (Figure I). A total of 7 RCTs with 405
patients in all met our inclusion criteria (15,19-24). The
characteristics of the 7 included studies are shown in Table 1.
All of the studies were single-centered RCTs, and all
included patients in this review were diagnosed with ARDS/
ALL There was 1 study that included only trauma patients
with ARDS/ALI (21), and 4 studies enrolled patients with
moderate to severe ARDS (19,22-24). Comparison of
APRV with volume-controlled LT'VV was made in 3 studies
(15,20,23), 3 studies compared APRV with synchronized
intermittent mandatory ventilation and pressure support
LTVV (19,22,24), and 1 study compared APRV with
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Table 2 Outcomes

Outcomes APRV (n=206) LTV (n=199) Analysis method 95% Cl P value

Hospital mortality 206 199 M-H, fixed, odds ratio 0.57 (0.37, 0.88) 0.01

Ventilator-free days at day 28 (days) 190 183 IV, random, mean 5.36 (1.99, 8.73) 0.002
difference

Respiratory system compliance at 104 98 IV, random, mean 8.19 (0.84, 15.54) 0.03

day 3 (mL/cmH,0) difference

Length of ICU stay (days) 160 155 IV, random, mean -0.45 (-6.56, —2.44) <0.0001
difference

PaO,/FiO, at day 3 151 143 IV, random, mean 44.40 (16.05, 72.76) 0.002
difference

MAP at day 3 (mmHg) 146 139 IV, random, mean 4.18 (3.10, 5.25) <0.00001
difference

Pneumothorax 87 83 M-H, fixed, odds ratio 0.40 (0.12, 1.34) 0.14

APRY, airway pressure release ventilation; LTVV, low tidal volume ventilation; Cl, confidence interval; ICU, intensive care unit; MAP mean

arterial pressure.

pressure-controlled LTVV (21).

Regarding the initial APRV setting, a static pressure-
volume (P-V) curve was used to identify lower and upper
inflection points (LIP and UIP) and set pressure parameters
in 3 studies (19,21,22). Varpula et 4/. and Putensen er 4l. set
Py below UIP and Py, above LIP (19,21); Zhou ez al. set
Pyig to UIP and P, to LIP (22). Zhou et 4l. and Hirshberg
et al. set Py, as Py, and Py, to 5 emH,O (15,23). Li et al.
set Py, to 30 cmH,O and Py, to 0 but used P-V curve to
set T}, to obtain an intrinsic end-expiratory pressure of
2 emH, O above LIP (24). Li ez al. set Py, <35 emH,0 (20),
and Hirshberg er al. set T}, to reach 50-70% of the peak
expiratory flow rate (23).

The statistical outcomes of the 7 RCTs included in this
meta-analysis are presented in Table 2. All of the studies
reported death during hospitalization (15,19-24); 6 studies
discussed the number of ventilator-free days by day 28
(15,19,21-24); 5 studies noted length of ICU stay (15,21-24)
and PaO,/FiO, on day 3 (15,20,22-24); 4 studies recorded
MAP on day 3 (15,19,22,24); 3 studies addressed respiratory
system compliance on day 3 (15,20,24); and 2 studies
discussed ventilation-related complications (pneumothorax)
(15,20).

Risk of bias

Table 3 shows the overall results of the quality assessment for
the included studies. There were 5 studies deemed adequate
regarding random sequence generation (15,20,22-24), and

© Annals of Translational Medicine. All rights reserved.

3 trials had a low risk of bias for allocation concealment
(15,19,23). Blinding was not possible for any studies owing
to the nature of the intervention being investigated, which
might have led to a high risk of performance bias (15,19-24).
None of the trials mentioned blinding in their outcome
assessments, but all studies had complete outcomes data
(15,19-24). A low risk for reporting bias was detected in 4
studies (15,20,23,24).

Primary outcome

The mortality rate of ARDS patients remained high. All
7 trials, involving 405 participants, reported death during
hospitalization (15,19-24). The meta-analysis demonstrated
that death during hospitalization was significantly lower
in the APRV group (405 patients; OR, 0.57; 95% CI,
0.37-0.88; P=0.01) (Figure 2). The number of ventilator-
free days by day 28 was reported in 6 studies (15,19,21-24).
The results showed that APRV shortened the duration
of ventilation in ARDS patients compared with LTVV
(373 patients; MD, 5.36; 95% CI, 1.99-8.73; P=0.002)
(Figure 3). Heterogeneity analysis showed that there was
homogeneity in death during hospitalization (I'’=0) and high
heterogeneity for the number of ventilator-free days on day
28 (I’=85%).

Secondary outcome

Length of ICU stay was described in 5 studies (15,21-24).

Ann Transl Med 2020;8(24):1641 | http://dx.doi.org/10.21037/atm-20-6917
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Table 3 Quality assessment of the included studies
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Random ) Blinding of - .
Allocation - 9 Blinding of outcome  Incomplete Selective
sequence participants . Other
Study ) concealment assessment outcome data reporting )
generation ; . and personnel . . L . ) ; bias
; ) (selection bias) ) (detection bias) (attrition bias) (reporting bias)
(selection bias) (performance bias)
Zhou et al. + + - ? + + +
Varpula et al. ? + - ? + ? ?
Liet al. + - - ? + + +
Putensen et al. ? ? - ? + ? -
Zhou et al. + ? - ? + ? +
Hirshberg et al. + + - ? + + +
Liet al. + ? - ? + + ?
+, low risk of bias; —, high risk of bias; ?, unclear risk.
APRV LTV 0Odds Ratio 0Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Hirshberg 2018 6 18 10 17 12.8% 0.35[0.09, 1.39] —

Li JQ 2016 8 26 9 26 11.6% 0.84[0.26, 2.68] —_—

Li Jw 2011 6 16 7 16 82% 0.77[0.19,3.17) —_—

Putensen 2001 315 4 15 6.0% 0.69[0.12,3.79) _—

Varpula 2004 s 30 S 28 80% 0.92[0.24,3.59 —_—

Zhou XZ 2017 5 30 10 30 15.5%  0.40[0.12, 1.36) —_—

Zhou YF 2017 17 71 26 67 37.9% 0.50[0.24, 1.03] ——

Total (95% CI) 206 199 100.0%  0.57 [0.37, 0.88] <@

Total events 50 71

Heterogeneity. Chi2 = 2.06, df = 6 (P = 0.91); I = 0% [ + + :

Test for overall effect: Z = 2.52 (P = 0.01) 0.0 0.1 APRV LTV L 400

Figure 2 Death during hospitalization. APRV] airway pressure release ventilation; LT'VV, low tidal volume ventilation; CI, confidence

interval.

APRV LTV Mean Difference Mean Difference
Study or Subgroup  Mean [days] SD [days] Total Mean [days] SD [days] Total Weight IV, Random, 95% CI [days] 1V, Random, 95% CI [days]
Hirshberg 2018 15.33 19.31 18 6 14.55 17 6.5% 9.33 [-1.96, 20.62] -_-—
LiJQ 2016 19.6 8.2 26 15.1 8.9 26 16.3% 4.50 [-0.15, 9.15] T
Putensen 2001 13 7.75 15 7 7.75 15 14.4% 6.00 [0.45, 11.55] —
Yarpula 2004 13.4 1.7 30 12.2 15 28 23.3% 1.20[0.38, 2.02) i
Zhou XZ 2017 19.08 5.08 30 14.76 4.31 30 21.1% 4.32 [1.94, 6.70]) —-—
Zhou YF 2017 16.33 10.59 71 5.67 11.36 67 18.4% 10.66 [6.99, 14.33] —
Total (95% CI) 190 183 100.0% 5.36 [1.99, 8.73] <P
Heterogeneity: Tau? = 12.52; Chi? = 33.31, df = 5 (P < 0.00001); I = 85% ‘ t t +
Test for overall effect: Z = 3.12 (P = 0.002) =3 '1°APRV°LTV e e

Figure 3 Ventilator-free days by day 28. APRV, airway pressure release ventilation; LTVV, low tidal volume ventilation; CI, confidence

interval; SD, standard deviation.

The meta-analysis of these studies demonstrated that APRV
decreased the ICU time for ARDS patients compared with
LTVV (315 patients; MD, -4.50; 95% CI, -6.56 to -2.44;
P<0.0001) (Figure 4).

Lung compliance refers to the degree of difficulty of
changing the lung expansion under the action of external

© Annals of Translational Medicine. All rights reserved.

forces and is an important indicator of respiratory
mechanics. Respiratory system compliance on day 3 was
reported on in 3 trials (15,20,24). The meta-analysis
demonstrated that APRV improved lung compliance in
patients with ARDS compared with LTVV (202 patients;
MD, 8.19; 95% CI, 0.84-15.54; P=0.03) (Figure 5).

Ann Transl Med 2020;8(24):1641 | http://dx.doi.org/10.21037/atm-20-6917
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APRV LTV Mean Difference Mean Difference

Study or Subgroup  Mean [days] SD [days] Total Mean [days] SD [days] Total Weight IV, Random, 95% CI [days] 1V, Random, 95% CI [days]
Hirshberg 2018 6.47 4.5 18 10.5 11.24 17 9.0% -4.03 [-9.76, 1.70] =
LiJQ 2016 7.4 3.3 26 9.5 3.2 26 24.5% -2.10[-3.87, -0.33] ——|
Putensen 2001 23 2 15 30 2 15 26.2% -7.00 [-8.43, -5.57) -
Zhou XZ 2017 7.09 1.42 30 10.87 2.11 30 28.3% -3.78 [-4.69, -2.87) -
Zhou YF 2017 14.67 9.84 71 20.67 16.67 67 12.0% -6.00 [-10.60, -1.40]
Total (95% CI) 160 155 100.0% -4.50 [-6.56, -2.44) <

i - - - B - -~ ol . 4 1 + +
Heterogeneity. Tau® = 3.68; Chi® = 21.41, df = 4 (P = 0.0003); I* = 81% 35 1o I %

Test for overall effect: Z = 4.29 (P < 0.0001)

- 0
Favours [APRV] Favours [LTV]

Figure 4 Length of ICU stay. ICU, intensive care unit; APRV, airway pressure release ventilation; LT'VV, low tidal volume ventilation; CI,

confidence interval; SD, standard deviation.

APRV LTv Mean Difference Mean Difference
Study or Subgroup  Mean [mL/cmH20] SD [mL/cmH20] Total Mean [mL/cmH20] SD [mL/cmH20] Total Weight 1V, Random, 95% CI [mL/cmH20] IV, Random, 95% CI [mL/cmH20]
Li)JQ 2016 515 4.6 26 49.7 5.5 26 33.2% 1.80 [-0.96, 4.56] T
LiJjw 2011 42 13 16 29 1 16 34.7% 13.00[12.20, 13.80] =
Zhou YF 2017 43.7 113 62 34.1 8.9 56 32.1% 9.60 [5.95, 13.25) ——
Total (95% CI) 104 98 100.0% 8.19 [0.84, 15.54] Sl
Heterogeneity. Tau? = 40.33; Chi? = 60.22, df = 2 (P < 0.00001); I = 97% _2'0 -iO —— 4%

Test for overall effect: Z = 2.18 (P = 0.03)

Figure 5 Respiratory system compliance on day 3. APRV, airway pressure

confidence interval; SD, standard deviation.

0 o 2
Favours [APRV] Favours [LTV]

release ventilation; LTVV, low tidal volume ventilation; CI,

APRV LTv Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight v, d 95% ClI v, d 95% ClI
Hirshberg 2018 172 98 17 162 34 15 14.0% 10.00 [-39.66, 59.66] I L
LiJQ 2016 220 46 26 212 55 26 19.9% 8.00[-19.56, 35.56] i
LiJw 2011 309 16 16 246 17 16 23.5% 63.00[S1.56, 74.44] -
Zhou XZ 2017 210.81 32.01 30 181.02 27.81 30 22.8% 29.79[14.62, 44.96) —-
Zhou YF 2017 280.3 83.9 62 1805 686 56 19.9% 99.80(72.25, 127.35] ——
Total (95% CI) 151 143 100.0%  44.40 [16.05, 72.76] <
Heterogeneity. Tau? = 856.88; ChiZ = 35.73, df = 4 (P < 0.00001); I = 89% 1_200 _1200 160 206

Test for overall effect: Z = 3.07 (P = 0.002)

Favours [APRV] Favours [LTV]

Figure 6 Oxygenation index on day 3. APRV, airway pressure release ventilation; LTVV, low tidal volume ventilation; CI, confidence

interval; SD, standard deviation.

Oxygenation index reflects the patient’s systemic oxygen
supply, and patients with ARDS often have poor systemic
oxygen supply. It was reported in 5 studies that oxygenation
index (PaO,/Fi0O,) values on day 3 of APRV were higher
than those of the LT'VV group (294 patients; MD, 44.40;
95% CI, 16.05-72.76; P=0.002) (Figure 6) (15,20,22-24).

The MAP was an important hemodynamic parameter
for patients during treatment. The day 3 reading of MAP
was mentioned in 4 trials, and it was significantly higher
during APRV (285 patients; MD, 4.18; 95% CI, 3.10-5.25;
P<0.00001) (Figure 7).

Pneumothorax was one of the most common
complications in the treatment of ARDS patients. No
significant difference between the ventilation modes was
found in 2 trials (170 patients; OR, 0.40; 95% CI, 0.12-1.34;
P=0.14) (Figure 8) (15,20).

© Annals of Translational Medicine. All rights reserved.

Discussion

To our knowledge, this is the first meta-analysis of RCTs
comparing the impact of APRV on ARDS with LT'VV. Our
study demonstrated that the APRV could reduce death
during hospitalization, duration of ventilation and ICU stay,
and improve lung compliance, oxygenation index, and MAP
compared with LT'VV, for patients with ARDS.

In 1967, Ashbaugh characterized ARDS as refractory
hypoxemia and severe respiratory distress (25). The
pathophysiology of ARDS includes severe inflammatory
injury to the alveolar-capillary barrier, surfactant depletion,
and loss of aeratable lung tissue, which leads immediately
to profound hypoxemia, decreased lung compliance, and
increased intrapulmonary shunting and dead space (26).
Due to the severe lung injury, patients with ARDS often
have a poor prognosis. Mechanical ventilation is currently
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Figure 8 Pneumothorax. APRV, airway pressure release ventilation; LTVV, low tidal volume ventilation; CI, confidence interval; SD,

standard deviation.

considered one of the most effective treatments for ARDS.
LTVV is widely used and is considered the standard
mechanical ventilation strategy. Different ventilator modes
are used to improve the prognosis of ARDS. Since it was
first proposed in 1987, the use of APRV has increased
dramatically. The conceptual aim of APRV is to maximize
and maintain alveolar recruitment by applying Py, for the
majority of the ventilatory cycle and allowing spontaneous
breathing (27). The purpose is to stabilize the open lung,
reduce repetitive alveolar collapse and expansion, and
thereby, limit ventilator-induced lung injury (28,29). For
ARDS patients, APRV is also considered a “protective lung
ventilation” strategy (30). Several trials have shown that
APRYV increased alveolar ventilation, reduced dead space
ventilation, and improved oxygenation, using a slightly
higher airway pressure, smaller peak inspiratory pressure,
fewer sedatives and lower ventilation time (31,32,33).

In this meta-analysis, we attempted to compare the
safety and efficacy of APRV with LTVV to demonstrate
the superiority of APRV. In total, 7 RC'Ts comparing the
primary outcomes using the two ventilation modes for
ARDS were collected for the final pooled analysis. In the
primary outcomes, death during hospitalization and the
number of ventilator-free days by day 28 were significant
advantages of APRV.

The data in this meta-analysis were in agreement with
previously reported clinical and experimental findings

© Annals of Translational Medicine. All rights reserved.

indicating that using APRV in patients with ARDS
significantly improved oxygenation and respiratory system
compliance compared with LT'VV (34,35). The results of
previous studies indicated that the process of recruitment
and decruitment of lung units should be determined not
only by pressure but also by time (36). For heterogeneous
lung injury, during APRV, the proper elevated baseline
airway pressure (Py4) and prolonged duration of Py,
would optimize the recruitment of alveoli gradually over
time, while preventing overinflation, and a brief release
phase (T),,) could permit only partial lung volume loss
during the release phase, avoiding cyclic alveoli collapse,
and provide dynamic homogeneity (27,37). These are the
theoretical bases for improved oxygen and lung compliance.
In Zhou et al. and Li et al’s research, PaO,/FiO, on day 3
in the APRV group were 280.3+83.9 and 309+16 mmHg,
respectively, and the PaO,/FiO, values were significantly
higher in both studies than in 3 other studies (15,20,22-24).
The selection criteria of enrolled patients were a
Pa0,/Fi0, <250 in Zhou et 4l.’s trial and PaO,/FiO, <300
in Li et 4l’s trial, while the PaO,/FiO, value in the ARDS
patients in 3 other studies was set at <200. The difference
in the selection criteria determined the difference in the
studies’ results.

Breathing and circulation complement and affect
each other. Putensen er 4/. found that lower pleural
pressure values during spontaneous breathing may also
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be responsible for the better hemodynamics parameters
observed during APRV, with increased venous return,
increased preload, and consequently, increased cardiac
output (21). Our study found that MAP on day 3 was
significantly higher during APRV (285 patients, MD =4.18,
95% CI, 3.10-5.25; P<0.00001), and our meta-analysis
findings were consistent with those in previous studies.
The better breath and circulation indicators described in
the APRV group could explain why the length of ICU stay
was shorter in this group compared with the TLV group.
Otherwise, there were no significant differences regarding
pneumothorax. These results might be attributed to the
improved ARDS treatment and the small number of
enrolled studies.

There were also limitations related both to our
study and to the inherent nature of meta-analysis. We
included seven RCTs, only four studies had a low risk of
bias (15,20,23,24), the small number of enrolled studies
which might cause publication bias. Some studies did not
provide specific data for the outcomes evaluated in our
review. The APRV parameter settings varied considerably
among the included trials. APRV had evolved into a highly
sophisticated, physiology-driven, dynamic mechanical
breath profile with precise settings, which might cause a
possibility of knowledge bias by the staff. Finally, most
of the included trials were of small sizes except for Zhou
et al.’s study (n>100) (15), which might have influenced the
reliability and validity of our conclusions.

Conclusions

The meta-analysis showed that the APRV reduced death
during hospitalization, duration of ventilation, and ICU
stay, and improved lung compliance, oxygenation index, and
MAP compared with LT'VV for patients with ARDS. It was
shown that APRV is a safe and effective ventilation mode
for patients with ARDS.
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