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ABSTRACT

Severe hypoxemia, decreased respiratory system compliance, and extensive inflammatory infiltrates are the hall-
marks of acute respiratory distress syndrome, that commonly requires mechanical ventilation. The best ventilator
strategies for ARDS are still being researched, despite advancements in ventilatory control. Pressure-controlled ven-
tilation modes, including airway pressure release ventilation and biphasic positive airway pressure ventilation, are
frequently used in clinical practice and can affect oxygenation, respiratory mechanics, and mechanical ventilation
duration through a variety of physiological mechanisms.

Aim: To compare APRV and BiPAP modes regarding oxygenation, respiratory mechanics and clinical outcomes in
intubated ventilated ARDS patients.

Methods: Fifty adult patients with ARDS were recruited in this study after admission to the ICU and initiation of me-
chanical ventilation. They were randomly assigned to two groups: Group A (APRV) and Group B (BiPAP).

Results: The two groups were comparable in terms of age, sex, and hemodynamics throughout study time points.
Oxygenation and partial pressure of carbon dioxide, baseline respiratory mechanics (plateau pressure, mean airway
pressure and compliance) were comparable between the two groups. Thereafter, mean airway pressure became
higher in the APRV group throughout further study time points; however, the differences were statistically significant
only on days 1 and 3. Patients in the APRV group required significantly higher doses of fentanyl and midazolam com-
pared with the BiPAP group on day 1 and 3 only. No significant differences were observed between the two groups in
ventilation duration, ventilator-free days by day 28, ICU length of stay, clinical complication occurrence or mortality.
Conclusion: In ARDS patients, no significant difference observed between APRV mode and BiPAP mode regarding
oxygenation, respiratory mechanics, mechanical ventilation duration and occurrence of clinical complications.
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B INTRODUCTION

Sepsis, pneumonia, aspiration, and trauma are major
causes of ARDS, a very harmful disease of the lung that
results in low blood oxygen levels. Although mechani-
cal ventilation has markedly evolved, ARDS continues
to be associated with a high mortality rate (40%). Man-
agement of ARDS commonly includes lung protective
ventilation using low tidal volume ventilation (LTVV),
optimal positive end-expiratory pressure, permissive

hypercapnia, recruitment maneuvers, and prone posi-
tioning [1,2].

Although LTVV is considered the standard ap-
proach for ARDS patients nowadays, it carries the risk
of decreasing lung inflation which may lead to hypox-
emia and atelectasis [3].

Lung recruitment techniques may lessen ventilation
associated lung injury and lower the significant risk of
mortality for ARDS patients, whereas alveolar stress
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and strain are increased by atelectasis during low tidal
volume ventilation. On the other hand, high airway
pressure application might damage the pulmonary epi-
thelium (barotrauma) and compromise the cardiovas-
cular function. As a result, there is debate about the use
of lung recruitment techniques [4].

BiPAP is a technique that reduces breathing effort
and encourages inspiration [3]. This partial support
mode uses time-cycled, pressure-controlled ventilation
with two levels of continuous positive airway pressure
(CPAP) and permits spontaneous respiratory effort,
which may take place throughout the entire respiratory
cycle. In order to adjust the inspiratory effort, BiPAP
may change the frequency of regulated breaths [5].

The inspiratory to expiratory ratio is not inverse
in conventional biphasic breathing. This ratio is often
used to differentiate APRV from biphasic ventilation.
The inspiratory positive airway pressure (IPAP), ex-
piratory positive airway pressure (EPAP), inspiratory
time, respiratory rate, and fraction of inspired oxygen
(FiO2) are among the ventilator parameters that are set
in BiPAP mode [6].

According to the open lung concept, APRV is a con-
tinuous positive airway pressure with a short intermit-
tent release phase. It also fully aligns with the ARDS
therapy principles. Despite this, APRV has historically
only been used as a salvage technique for ARDS pa-
tients with inadequate oxygenation [7].

APRV mode, which uses two pressure levels with
inverted ratio ventilation, permits spontaneous breath-
ing. While increased baseline pressure enhances oxy-
genation, release of airway pressure during APRV
mode promotes expiration [8].

Both BiPAP and APRV are examples of intermittent
mandatory ventilation with pressure targeting that al-
ternates between higher and lower pressure levels. Un-
like biphasic positive airway pressure, APRV provides
constant high pressure (Phigh) at a preset of a longer
inspiratory time (Thigh) with sporadic releases to a
lower pressure level (Plow) at a preset of a shorter ex-
piratory time (Tlow). The goal of this reduced expira-
tory duration with APRV is to produce an intrinsic
positive end-expiratory pressure (PEEP), which should
improve alveolar recruitment and lessen lung cyclic
opening and collapse [9].

APRV has been advocated as a way to enhance pa-
tient prognosis in light of a better awareness of the
pathogenesis of ARDS in recent years [7].
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B METHODS

Study population:

Between February 2024 and March 2025, fifty patients
were assigned randomly in 1:1 ratio into two groups:
group A (was managed by APRV) and group B (was
managed by BiPAP).

Adult patients who met all diagnostic criteria for
ARDS based on the Berlin definition were included
in the research. Prior to recruitment, eligible patients
required ventilatory support and endotracheal intuba-
tion for fewer than 48 hours. They also had a PaO2/
FiO2 ratio of 200 or below.

Patients under the age of 18 or above the age of 65
or with underlying illnesses that might affect respira-
tory or clinical results like rheumatic or ischemic heart
disease, suspected or confirmed intracranial hyper-
tension, cancer or immunosuppressive therapy use,
pregnancy, neuromuscular disorders associated with
prolonged intubation, chronic pulmonary diseases
(e.g., COPD, suppurative pulmonary infections, diffuse
alveolar hemorrhage, or evidence of barotrauma), and
cardiac disease were excluded.

Randomization and allocation concealment:

Eligible patients who met the inclusion criteria were
randomly assigned to either the APRV group or the
BiPAP group using consecutively numbered, opaque,
sealed envelopes. The allocation sequence was gener-
ated in advance using a computer-generated random
block design. Each envelope contained the treatment
assignment and was opened only after patient enroll-
ment.

Due to the nature of the ventilatory strategies, blind-
ing of the ICU team was not feasible; however, the out-
comes consisted mainly of objective physiological and
ventilatory measurements, which are less susceptible to
observer bias.

Ethical Considerations:

Participants’ relatives in the ICU were freely given ful-
ly informed consent to participate. Written informed
consents were used in this prospective investigation.
Data security and participant confidentiality were en-
sured. Anytime along the study procedure, participants
should be allowed to request removal of their data. The
ethics committee of Ain Shams University's medical
faculty approved this work.
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Study Procedures:

APRYV parameters were:

High airway pressure (Phigh) was set according
to the most recently measured airway plateau
pressure (Pplat), and was limited to a maximum
of 30 cmH2O, while low airway pressure (Plow)
was maintained at (0 -5 cmH20).

THigh was configured to occupy 90 % of the to-
tal respiratory cycle (between 4 and 6 seconds)
and modified based on patient’s oxygenation
and clinical response.

Release time (Tlow) was initially adjusted to ap-
proximately 1-1.5 times the expiratory time con-
stant, and then titrated to end expiration when
expiratory flow at 50-75% of the peak expiratory
flow rate (PEFR).

The release frequency was maintained within
the range of 10-14 cycles per min.

BiPAP parameters were:

Based on the inspiratory time constant, inspira-
tory time (Ti) was modified.

PEEP was titrated to obtain adequate oxygena-
tion, targeting arterial PaO2 60-80 mmHg (or
SpO2 > 90 %).

FiO2 was titrated to maintain SpO2 > 90%.

»  The objective of mechanical ventilation in
both groups was to keep plateau airway
pressure (Pplat) below 30 cmH2O.

» To reach the desired degree of patient
comfort, analgesia and sedation were ad-
ministered in both groups in a comparable
manner. A Richmond Agitation-Sedation
Scale score (RASS) between -2 and 0 was
used to reach the sedation goal. Every four
hours (or more often when clinically indi-
cated) RASS scores were measured and re-
corded. Analgesic and sedative drug doses
were then modified to maintain the desired
range. To maintain spontaneous breathing
in the APRV group, ventilator settings to-
gether with sedative and analgesic dosage
titration were adjusted by physicians.

»  Patients were withdrawn from the study if
they developed any life-threatening com-
plications during the study period, includ-
ing severe hypoxemia unresponsive to the
assigned ventilation strategy (PaO2/FiO2<
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100 despite at least 12 hours of invasive
mechanical ventilation), refractory hypox-
emia (PaO2< 55 mmHg with FiO2 of 1.0),
refractory (barotrauma, severe respiratory
acidosis, or shock).

»  Vasopressors were given in line with the
institutional ICU protocol and titrated
to maintain an appropriate mean arterial
pressure.

Outcomes:

o Baseline and daily oxygenation (PaO2/FiO2)
and respiratory mechanics: “plateau pressure,
mean airway pressure and compliance “were re-
corded.

o Baseline and daily measurement of hemody-
namics were recorded.

 Baseline and daily recording of arterial blood of
carbon dioxide PaCO2 were recorded.

 Ventilator-free days by day 28.
» ICU stay duration.

o Sedation requirements needed for tolerating
mechanical ventilation were recorded.

+ Clinical complication (pneumothorax).

o Mortality during ICU stay for each group was
recorded.

» Baseline refers to measurements obtained
immediately after initiation of the assigned
ventilatory mode.

Statistical methods

The acquired data was processed, tabulated, and ana-
lyzed statistically by IBM SPSS statistics (Statistical
Package for Social Sciences) software. Quantitative data
was normalized using the Shapiro-Wilk test, reported
as mean+SD (standard deviation), minimum and max-
imum range, then compared using an independent t-
test. Qualitative data was reported in terms of number
and percentage, and the Chi square test was applied to
compare them. A p-value of less than 0.050 was identi-
fied as significant, otherwise was non-significant.

B RESULTS:

The study flow is illustrated in Figure 1 (CONSORT
diagram).
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Figure (1): Study flow diagram (CONSORT)

Table (1): Demographic data of the studied groups

q APRV group BiPAP group
Variables (n=25) (n=25)
Age (years) 46.5+7.9 47.2+8.6 70.772
0, 0,
Sex Male 17 (68.0%) 16 (64.0%) 0765
Female 8 (32.0%) 9 (36.0%)
BMI (kg/m2) 29.4+2 .4 28.9+2.2 70.445

Data are presented as Mean+SD or (n) number of patients (%). BMI= Body Mass Index. #Chi square test. AIndependent t-test.

Table (2): Heart rate and mean arterial pressure between the study groups
APRV group BiPAP group Relative effect

Ap-value

(n=25) (n=25) MeanzSE 95% CI

Heart rate (beat/minute)

Baseline 111.446.1 109.1+4.6 0.134 -2.311.5 -5.4-0.7
Day-1 108.0+7.4 105.616.4 0.219 -2.442.0 -6.4-1.5
Day-3 93.247.1 93.546.1 0.888 -0.3£1.9 -4.0-3.5
Day-5 79.319.1 80.316.6 0.680 -0.942.3 -5.5-3.6
Day-7 73.546.1 75.3+4.9 0.266 -1.841.6 -4.9-1.4
Mean arterial pressure (mmHg)

Baseline 81.616.7 80.845.3 0.578 -1.0+1.7 -4.4-2.5
Day-1 83.317.2 86.5%7.2 0.121 -3.242.0 -7.3-0.9
Day-3 86.117.6 89.017.1 0.172 -2.942.1 -7.1-1.3
Day-5 89.049.3 91.447.7 0.334 -2.442.4 -7.2-2.5
Day-7 93.346.5 95.545.5 0.195 -2.241.7 -5.7-1.2

Data are presented as Mean+SD. *Independent t-test. SE= Standard error. Cl= Confidence interval. Relative effect= Effect in APRV group versus BiPAP group.
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Table (3): Oxygenation (Pa02/FiO2) and arterial blood of carbon dioxide PaCO2 between the study groups

APRV group BiPAP group Relative effect

(n=25) (n=25) MeanzSE 95% Cl
Pa0,/FiO,
Baseline 129.2+13.7 131.9+11.3 0.439 -2.8+3.5 -9.9-4.4
Day-1 147.5+28.2 137.5+16.9 0.134 10.0+6.6 -3.2-23.3
Day-3 161.7+22.9 160.5+20.1 0.840 1.2+6.1 -11.0-13.5
Day-5 205.1+21.3 197.9+21.8 0.240 7.2%6.1 -5.0-19.5
Day-7 222.7+¢13.5 220.1+11.8 0.473 2.6£3.6 -4.6-9.8
PaCO, (mmHg)
Baseline 53.0£1.2 52.7+£1.2 0.418 0.3+0.3 -0.4-1.0
Day-1 51.6+1.3 52.2+1.8 0.183 -0.61£0.4 -1.5-0.3
Day-3 48.9+1.5 49.6+1.5 0.114 -0.7£0.4 -1.5-0.2
Day-5 46.3+1.8 47.0£2.0 0.212 -0.7£0.5 -1.8-0.4
Day-7 42.5¢1.4 43.2+1.5 0.102 -0.7£0.4 -1.5-0.1

Data are presented as Mean+SD. *Independent t-test. SE= Standard error. Cl= Confidence interval. Relative effect= Effect in APRV group versus BiPAP group.

Table (4): Respiratory mechanics: plateau pressure, mean airway pressure and compliance between the study groups
APRV group BiPAP group Relative effect

(n=25) (n=25) MeanSE 95% ClI
Plateau pressure (cmH,0O)

Baseline 26.911.8 27.3£2.0 0.438 -0.4£0.5 -1.4-0.6
Day-1 24.742.3 24.0+£2.2 0.255 0.720.6 -0.5-2.0
Day-3 24.2+1.8 23.612.2 0.264 0.620.6 -0.5-1.8
Day-5 23.542.1 22.342.5 0.072 1.2+£0.7 -0.1-2.5
Day-7 22.942.2 22.1+£2.4 0.225 0.8£0.7 -0.5-2.1
Mean airway pressure (cmH,0)

Baseline 28.0£1.1 27.7£1.2 0.347 0.3x0.3 -0.4-1.0
Day-1 27.1+£1.8 24.612.2 <0.001* 2.6£0.6 1.4-3.7
Day-3 26.0£1.8 23.742.3 <0.001* 2.310.6 1.1-3.5
Day-5 21.042.5 19.74£2.0 0.062 1.24£0.6 -0.1-2.5
Day-7 19.7+1.5 19.0+1.3 0.082 0.7¢0.4 -0.1-1.5
Compliance (ml/cmH,0)

Baseline 34.1+0.8 34.0£1.0 0.763 0.1+0.3 -0.5-0.6
Day-1 34.7+1.1 34.41+0.8 0.184 0.4+0.3 -0.2-0.9
Day-3 35.3#1.1 35.0£1.2 0.330 0.3+0.3 -0.3-1.0
Day-5 36.941.2 37.1+1.7 0.569 -0.2£0.4 -1.1-0.6
Day-7 37.840.8 37.611.2 0.492 0.2+0.3 -0.4-0.8

Data are presented as MeanSD. AIndependent t-test. SE= Standard error. Cl= Confidence interval. Relative effect= Effect in APRV group related to that in
BiPAP group.

Table (5): Fentanyl infusion rate (mcg/kg/h) between the study groups

Relative effect

APRV group BiPAP group MeanSE

(n=25) (n=25) 95% Cl
Boseline Mean+SD 1.2040.07 0.80+0.10 0.001 0.40+0.02
Range 1.10-1.30 0.60-1.00 ' 0.35-0.45
Mean+SD 1.0140.12 0.61+0.11 0.40+0.03
Day-1 Range 0.80-1.20 0.40-0.80 0.001 0.34-0.46
Mean+SD 0.86+0.11 0.52+0.08 0.34+0.03
Day-3 Range 0.70-1.10 0.40-0.70 0.001 0.29-0.39
Mean+SD 0.50+0.14 0.44+0.09 0.06+0.03
Day-> Range 0.30-0.70 0.30-0.60 0.055 0.00-0.13
Mean+SD 0.46+0.09 0.420.09 0.04+0.02
Day-7 Range 0.20-0.50 0.30-0.60 0.084 -0.01-0.09

Alndependent t-test. SE= Standard error. Cl= Confidence interval. Relative effect= Effect in APRV group relative to that in BiPAP group.
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Table (6): Midazolam infusion rate (mg/kg/h) between the study groups

Relative effect

RO R MeanssSE
95% CI

MeanSD 0.24+0.02 0.1940.02 0.061£0.01
Baseline 0.001

Range 0.22-0.29 0.16-0.23 0.05-0.07

MeanSD 0.21+0.02 0.18+0.02 0.03+0.00
Day-1 0.001

Range 0.17-0.23 0.14-0.22 0.02-0.04

Mean+SD 0.19+0.02 0.16+0.01 0.03+0.00
Day-3 0.001

Range 0.14-0.22 0.14-0.19 0.02-0.04

MeanSD 0.14+0.03 0.12+0.03 0.0240.01
Day-5 0.058

Range 0.09-0.21 0.06-0.17 0.00-0.04

MeanzSD 0.12+0.05 0.09+0.05 0.03+0.01
Day-7 0.054

Range 0.03-0.24 0.03-0.21 0.00-0.06

Mndependent t-test. SE= Standard error. Cl= Confidence interval. Relative effect= Effect in APRV group related to that in BiPAP group.

Table (7): Clinical outcomes between the study groups

Relative effect

: APRV group
Variables (n=25)
Ventillation MeanSD 8.4%+1.9
duration (days) Range 5 0-12.0
Ventilator-free Mean£5D 19.6+1.9
daysbyday28 o oe 16.0-23.0
Length of ICU stay MeanxSD 10.4+1.8
(days) Range 7.0-14.0
Pneumothorax (n, %) 3(12.0%)
Mortality (n, %) 2 (8.0%)

BlPe‘Iiggc)wup Ap-value  MeanzSE / Relative risk
= 95% Cl
8.2+1.8 0.2£0.5
0.650
50-12.0 -0.8-13
19.8+1.8 -0.20.5
0.650
16.0-23.0 -1.3-0.8
10.141.9 0.3£0.5
0.543
7.0-15.0 0.7-1.4
1.50
2 (8.0%) §0.999 0.27-8.22
1.00
2 (8.0%) §0.999 0.15-6.55

§Fisher’s Exact test. “Independent t-test. SE= Standard error. Cl= Confidence interval. Relative effect= Effect in APRV group related to that in BiPAP group.

o Ondays 1 and 3, sedation requirements by (fen-
tanyl and midazolam) were significantly greater
in APRV group than BiPAP group, suggesting a
greater need for sedation during the early phase
of APRV support. By days 5 and 7, sedation re-
quirements decreased in both groups with no
significant difference observed, indicating a
convergence in patient comfort and ventilator
synchrony over time.

E DISCUSSION

This study yielded several important results. Study out-

comes were monitoring patient’s oxygenation, respira-
tory mechanics, hemodynamics and PaCO2, duration
of intensive care unit stay, number of ventilator free
days by day 28, sedation requirements and occurrence
of clinical complications or mortality.

Regarding respiratory mechanics, prior meta-anal-
yses have demonstrated improved respiratory system
compliance and higher mean airway pressure (MAWP)
with APRV compared with conventional LTVV [1].
The higher MAWP observed with APRV reflects sus-
tained alveolar recruitment during prolonged Thigh,
which theoretically reduces cyclic trauma.

In the present study, although MAWP was signifi-
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cantly elevated in the APRV group in the first 3 days,
respiratory system compliance didn’t differ significant-
ly between APRV and BiPAP.

This study results are in line with those of Stoll et al.,
who found that patients associated with COVID-19 re-
lated ARDS had increased MAWP in APRV as opposed
to BiPAP. This study's lack of a comparable compliance
benefit raises the possibility that better recruitment
and oxygenation might take place without appreciable
compliance modifications, especially in mild ARDs [9].

In the current study, oxygenation parameters didn’t
differ significantly between APRV and BiPAP groups.
This suggests that both modes when optimally applied,
can achieve comparable oxygenation targets in ARDS
patients.

This finding contrasts with meta-analysis by Oth-
man et al., which reported significantly higher PaO2/
FiO2 ratios on day 3 in patients receiving APRV com-
pared to conventional ventilation. Differences in com-
parator modes (BiPAP versus volume- controlled ven-
tilation), timing of assessment and patient populations
may explain this discrepancy [14].

The need for sedation varies across investigations. In
a cross-sectional research involving 40 ARDS patients,
Salem SS discovered that the BIPAP group needed
fewer days of sedation than the SIMV PC (synchro-
nized intermittent mandatory ventilation with pres-
sure control) group during the course of the trial [11].
Additionally, Compared to APRV, BiPAP was linked in
our research to less early sedation requirements. This
might be a sign of patient discomfort brought on by
greater sustained airway pressures during APRYV, espe-
cially in the early stages of adjustment.

However, Zhou et al.,, reported lower sedation re-
quirements with APRV during the first week of ven-
tilation, likely attributable to preserved spontaneous
breathing and improved patient-ventilator synchrony
once patients were adequately adapted to the mode
[10].

The current study demonstrated no statistically
marked difference in PaCO2 levels between patients
managed with APRV and those receiving BiPAP. This
finding suggests that when appropriately set, both ven-
tilatory modes can achieve comparable alveolar venti-
lation despite their fundamentally different mechanics.

Theoretical concerns regarding hypercapnia dur-
ing APRV stem from the intentionally brief release
phase (Tlow), which limits tidal ventilation and may

The Journal of Critical Care Medicine 2026;12(4) « 7

predispose to CO2 retention. However, preservation
of spontaneous respiration during the prolonged high-
pressure phase may enhance alveolar ventilation and
decrease hypercapnia. This could explain why PaCO2
levels in our cohort remained comparable to those ob-
served with BiPAP.

Previous studies have reported conflicting results.
Ibarra Estrada et al., described a higher incidence of
transient severe hypercapnia in patients receiving
APRYV, particularly in COVID-associated ARDS, where
lung compliance and dead space are often markedly
impaired [12]. In contrast, Zou et al., reported signifi-
cantly lower PaCO2 values in patients ventilated with
APRV compared to LTVV [15].

Taken together, these findings suggest that hyper-
capnia during APRV isn’t an inherent limitation in
the mode itself but rather depends on disease severity,
spontaneous breathing contribution, and meticulous
adjustment of release time.

The APRV and BiPAP groups did not significantly
vary in the incidence of pneumothorax in the current
investigation. The idea that persistent pressures would
be less harmful than recurrent alveolar opening and
collapse is supported by the lack of enhanced barotrau-
ma, even if APRV is associated to greater MAWP.

In this study, 3 patients out of 25 in the APRV group
suffered from pneumothorax representing (12%),
while in BiPAP group; 8% of the study patients suffered
from pneumothorax.

This finding supports the safety of APRV when lung
protective principles are followed and is aligned with
the findings described by Hirshberg et al. acute respira-
tory failure patients [13].

This study has several limitations. The relatively
small sample size may have reduced the power to de-
tect significant differences in some clinical outcomes.
Being conducted at a single center, the generalizabil-
ity of the findings to other institutions may be limited.
Blinding was not feasible due to the visible nature of
ventilatory modes. Future multicenter trials with larger
sample sizes are warranted to confirm these findings.

B CONCLUSION

In ARDS patients, no significant difference observed
between APRV mode and BiPAP mode regarding oxy-
genation, respiratory mechanics, mechanical ventila-
tion duration and occurrence of clinical complications.
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