
Salem et al. 
The Egyptian Journal of Bronchology           (2023) 17:23  
https://doi.org/10.1186/s43168-023-00188-4

RESEARCH Open Access

© The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

The Egyptian Journal
of Bronchology

Biphasic positive airway pressure 
in the management of acute respiratory distress 
syndrome: a comparative study
Shymaa Sayed Salem1*, Khaled Hussein2, M. Sh. Badawy3, Gad s Gad4 and Alaa Rashad1 

Abstract 

Background  Biphasic positive airway pressure, also known as BIPAP, is a type of pressure-controlled ventilation that 
permits unrestricted spontaneous breathing at any time during the ventilatory cycle. Our study’s objective was to 
compare BIPAP’s effects on ARDS patients with those of the synchronized intermittent mandatory ventilation with 
pressure control (SIMV-PC) mode.

Results  The present observational, cross-sectional study was conducted on 40 ARDS patients of both sex. These 
patients were admitted to the intensive care unit, at Qena University Hospital, from April 2019 to November 2021. 
They were categorized into two groups at random, with group (A) patients receiving BIPAP mode and group (B) 
patients receiving (SIMV-PC) mode. Changes in arterial blood gases, hemodynamics, and lung mechanics (mean air-
way pressure, minute volume, tidal volume, compliance, and pressure limit) were compared in both groups after 24 h. 
There were no differences in the baseline clinical data, demographic, hemodynamic, arterial blood gases, and mortal-
ity between the two groups. Follow-up data after 24 h showed that BIPAP was associated with better hemodynamics, 
oxygenation, and lung mechanics (mean airway pressure, minute volume, and tidal volume). Fewer days of sedation 
requirements and mechanical ventilation in BIPAP compared to SIMV PC during the duration of the study.

Conclusions  In ARDS patients, BIPAP can improve oxygenation, hemodynamics, lung mechanics, decrease sedation 
use, and decrease duration of mechanical ventilation.

Trial registration  BIPAP in the Management of Acute Respiratory Distress Syndrome, ID: NCT05483959 Retrospective
lyregistered,https://register.clinicaltrials.gov/prs/app/template/EditRecord.vm?epmode=View&listmode=Edit&uid=U
0003OBB&ts=12&sid=S00078AY&cx=9n7oml. Registered on 1 August 2022.
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Background
Acute respiratory distress syndrome is a severe form of 
acute lung injury (ALI) which is marked by bilateral pul-
monary infiltrates and severe hypoxemia in the absence 
of cardiogenic pulmonary edema. Mortality and mor-
bidity rates for ARDS remain high. The cornerstone of 
patient care continues to be mechanical ventilation [1]. 
Lung protective strategies (LPS) were one of the most 
effective strategies in patients with ARDS [2]. However, 
low tidal volumes during LPS may reduce lung inflation 
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and increase the tendency of atelectasis and hypoxemia 
[3, 4].

Biphasic mode (BIPAP) is firstly used in clinical prac-
tice in the late 1980s. Biphasic positive airway pressure 
(BIPAP) is a system that permits unrestricted spontane-
ous breathing at any time during the ventilatory cycle. 
It is also known as pressure controlled mode of venti-
lation [5]. BIPAP offers several advantages over tradi-
tional strategies to improve the pathophysiology in these 
patients, including gas exchange, cardiovascular func-
tion, and reducing the need for sedation. This is because 
BIPAP allows spontaneous breathing throughout the 
ventilatory cycle [6]. In our study, we aimed to compare 
the efficacy of biphasic positive airway pressure mode 
of ventilation to traditional mode (SIMV PC) in ARDS 
patients.

Methods
Study design
This is an observational cross-sectional study registered 
(Clini​calTr​ials.​gov ID: NCT05483959). The study was 
performed in the intensive care unit in Qena University 
Hospital from April 2019 to November 2021. The study 
design was approved by the Scientific Ethics Commit-
tee of the Faculty of Medicine of South Valley University. 
After meeting the inclusion criteria, informed consent is 
obtained from the patient.

Patient selection
The study was carried out on forty (40) ARDS patients 
categorized based on the patient’s degree of ARDS 
severity as being severe and diagnosed according to 
Berlin criteria [7]. The patients were intubated and 
mechanically ventilated via Puritan Bennett 840 venti-
lator system.

Inclusion criteria
All intubated adult patients diagnosed with ARDS are 
recruited in our study. ARDS is diagnosed according to 
Berlin criteria 2012 [7].

Exclusion criteria
Exclusion criteria included age <18, cardiac or respira-
tory arrest on admission, morbid obesity with BMI > 40, 
acute exacerbation of IPF, cerebrovascular or neuromus-
cular disorder, diabetic ketoacidosis, hepatic or renal dis-
ease, and cardiac disease.

Baseline data
All selected patients in the study were subjected to the 
following:

1-	 A detailed history was taken

2-	 Clinical examination, including both local and gen-
eral examinations

3-	 Arterial blood gases (ABG)
4-	 Chest X-ray
5-	 Laboratory assessment:

A-	 Renal function test including, blood urea, and 
creatinine

B-	 Complete blood picture
C-	 Liver function tests including liver enzymes, total 

bilirubin, and serum albumin

Method

•	 We used a dormicum in all patients with a mainte-
nance dose 0.1–0.2 mg/kg/h via iv infusion, and we 
used a prone position in some patients and used 
glucocorticoids for some patients with refractory 
hypoxemia despite ventilator management and anti-
biotic regimen. Patients with ARDS were randomly 
assigned to one of two protocol groups, and each of 
them received the same standard general care and 
two distinct ventilatory strategies:

•	 BIPAP group (group A): This group of 20 patients 
underwent BIPAP ventilation.

•	 SIMV PC group (group B): There were 20 patients in 
this group that used SIMV PC for ventilation.

The following settings were adjusted for Group A:

•	 PLow: from 0:5 cm H2O
•	 PHigh: the pressure that is adjusted from 25:30 cm 

H2O to promote lung protection and does not exceed 
30 cm H2O

•	 THigh: was adjusted in 4–6 s to promote a high 
inversed ratio

•	 The mean airway pressure on BIPAP was calculated 
according to the formula:

The following settings were adjusted for group B:

•	 Inspiratory pressure was adjusted to obtain a tidal 
volume of 6 mL/kg IBW and SO2 >90 %.

•	 Pressure support was adjusted in ARDS on 5–10 cm 
H2O.

•	 PEEP was started at 10 cm H2O according to PVC 
(pressure-volume curve) and increased in increments 
2 cm H2O and to be above the lower inflection point 
by 2 cm H2O.

Phigh ∗ Thigh + (Plow)/Thigh

http://clinicaltrials.gov
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•	 FiO2 was adjusted to target a peripheral saturation 
SO2 >90%.

•	 RR was adjusted at 16–20 breaths/minute targeting 
minute volume = 4 × the body surface area.

Statistical analysis
Data was collected, coded, and analyzed using SPSS 
(Statistical Package for the Social Science, version 20. 
For the qualitative data, it was presented as numbers and 
percentages. For the quantitative data with a parametric 
distribution, it was resented as mean, standard devia-
tions, and ranges, and for the quantitative data with a 
non-parametric distribution, the median with interquar-
tile range (IQR) is used. Chi-square test was used in the 
comparison between two groups with qualitative data, 
and the Fisher’s exact test was applied in its place when 
the predicted count in any cell was less than 5. When 
comparing two groups with quantitative data and a para-
metric distribution, an independent t test was employed, 
and when comparing two groups with quantitative data 
and a non-parametric distribution, a Mann-Whitney test 

was used. The level of confidence was kept at 95%, and 
hence, the P value was considered significant if < 0.05.

Results
There were no statistically significant differences between 
groups regarding age, gender, and baseline clinical 
parameters (respiratory rate, mean arterial blood pres-
sure, heart rate). They were presented in Table 1.

The follow-up of clinical parameters of both groups in 
Figs. 1 and 2 documented that HR and RR were signifi-
cantly (P<0.01) decreased, while Fig. 3 showed that MAP 
(mean arterial blood pressure) was significantly (P<0.01) 
increased after 24 h in both groups, with a significant 
(P<0.01) decrease in SIMV PC and significant (P<0.01) 
increase in BIPAP.

Arterial blood gases are demonstrated in Figs. 4, 5, and 
6, and the follow-up of acid-base status documented that 
PaCO2 (Fig. 4) significantly (P<0.05) increased after 24 h 
in both groups and the follow-up of oxygenation status 
was presented in (Figs. 5 and 6) and showed that SO2 and 
PaO2/FIO2 were significantly (P<0.05) higher in BIPAP 
versus SIMV PC.

Table 1  Comparison between BIPAP and SIMV PC according to demographic data and baseline clinical parameters

Mode Chi-square test/Iindependent 
t tesBIPAP SIMV PC

No % No % x2\t* P value
Sex Male 10 50.0% 11 55.0% 1.844 0.605

Female 10 50.0% 9 45.0%

Age Mean± SD 54.45 22.13 52.75 14.54 0.287* 0.776

Mean SD Mean SD t P value
HR (breath/min) 112.35 22.68 118.5 24.49 −0.777 0.442

MAP (mmHg) 77.65 20.93 66.90 13.99 1.910 0.064

RR (cycle/min) 34.55 5.96 37.65 8.42 −1.343 0.187

Fig. 1  Follow-up of heart rate between both groups
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Fig. 2  Follow-up of RR between both groups

Fig. 3  Follow-up of MAP between both groups

Fig. 4  Follow-up of PaCO2 between BIPAP and SIMV PC groups
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Lung mechanics among groups A and B were presented 
in Table  2 and showed that VT, minute volume, and 
mean airway pressure were significantly (P<0.05) higher 
in BIPAP while other parameters were not significant.

The duration of mechanical ventilation among both 
groups was presented in Table  3 and showed a statisti-
cally significant (P<0.01) decrease in BIPAP versus SIMV 
PC, and also, the duration of anesthesia in days was 

Fig. 5  Follow-up of SO2 between BIPAP and SIMV PC groups

Fig. 6  Follow-up of PaO2 /FiO2 between BIPAP and SIMV PC groups

Table 2  Comparison between BIPAP and SIMV PC according to lung mechanics

Mode Independent t test

BIPAP SIMV PC

Mean SD Mean SD T p value

Tidal volume (Vt) 475.15 102.01 374.15 159.26 2.388 0.022

Compliance 22.73 2.42 21.67 1.37 10.547 0.075

Minute volume 10.13 3.58 8.99 3.71 1.578 0.042

Mean airway pressure (PMean) 24.10 2.63 12.90 3.33 14.467 0.001

Pressure limit (Plimit) 28.10 2.15 27.00 1.70 2.441 0.076
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presented in Table  3 and showed a statistically signifi-
cant (P<0.001) decrease in BIPAP versus SIMV PC. Both 
groups in (Fig. 7) showed no statistically significant dif-
ferences regarding the outcome (P>0.05).

Discussion
In the ARDS group, our study aims to compare BIPAP’s 
effects on hemodynamics (heart rate, mean blood pres-
sure, and respiratory rate), ABG (pH, PaCO2, PaO2, and 
hypoxic index), lung mechanics (tidal volume, compli-
ance, pressure limit, minute volume, and mean airway 
pressure), the need for sedation, the duration of mechan-
ical ventilation, and the outcome in ARDS in comparison 
to SIMV PC.

Between the studied groups, there were no significant 
variations in baseline clinical variables or demographic 
data. There were no significant differences between the 
studied groups in measuring respiratory rate, heart rate, 
and mean arterial blood pressure. The results of our 
study support those of Varpula et al., Dart et al., Yoshida 
et al., Varpula et al., and Mohammed et al.—they found 
no variations in mean blood pressure and heart rate 
between traditional ventilator modes and APRV/BIPAP 
mode [8–12].

Further, follow-up clinical parameters including HR, 
RR, and MAP showed improvement 24 h after ventila-
tion, with no significant differences between groups. It 
was believed that during BIPAP, elevated intrathoracic, 
and mean airway pressure could reduce venous return 
and cardiac output. However, it has been demonstrated 
that BIPAP does not negatively impact hemodynamics 
and may even improve them due to the ability of sponta-
neous breathing. Our study’s findings are consistent with 
several studies of Li et  al., Hussein et  al., Kamath et  al., 
Putensen et al., Song et al., and Calzia et al. are in agree-
ment with our study [13–18].

Numerous researches, including Kallet RH and 
Putensen C et  al. demonstrated spontaneous breathing 
role in improving hemodynamics in mechanically venti-
lated ARDS patients [19, 20].

Acid-base balance showed no statistically significant dif-
ference between both groups. The findings of the present 
study are consistent with those of Mohammed et al., Gon-
zalez et al., Varpula et al., Yoshida et al., and Walkey et al., 
they found that pH and serum bicarbonate levels have no 
differences between conventional ventilator modes and 
BIPAP mode in ARDS patients [8, 10, 12, 21, 22].

Table 3  Comparison between BIPAP and SIMV PC according to the duration of mechanical ventilation and duration of anesthesia in 
days

Mode

BIPAP SIMV PC Independent t test

Mean SD Mean SD t p value

Duration of mechanical 
vent.

10.70 3.28 13.80 3.40 −2.937 0.006

Duration of anesthesia 
in days

2.40 1.10 4.53 0.70 −7.189 <0.001

Fig. 7  The outcome among BIPAP and SIMV PC
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As according to Varpula et al., Putensen et al., Walkey 
et al., Dart et al., Mohammed et al., and Gonzalez et al. 
research results from earlier clinical studies found that 
partial pressure of carbon dioxide level measurements 
showed no differences between conventional ventilator 
modes and BIPAP mode in ARDS patients which agree 
with our results. As regards baseline hypoxic index, no 
statistically significant difference between both groups 
while there was a highly statistically significant increase 
at 24 h. Hypoxic index was significantly improved with 
BIPAP when compared to SIMV PC [9, 11, 12, 17, 21, 22].

Varpula et  al. and Li et  al. also supported these find-
ings [9, 13]. Walkey and colleagues reported that the 
criteria for pulmonary contusion were met by patients 
who required mechanical breathing for more than 48 h. 
They discovered that, when compared to conventional 
ventilation, hypoxic index was greater during APRV/
BIPAP. BIPAP is expected to have a conceptual advantage 
due to its significant higher mean airway pressure and 
preservation of spontaneous breathing, whereas various 
studies have demonstrated that BIPAP without sponta-
neous ventilation was similar to conventional pressure-
controlled MV and did not affect gas exchange [22]. In 
BIPAP, patients are able to control the frequency and 
length of spontaneous inspiration and expiration, which 
is a special mechanism that enables them to maintain a 
sinusoidal flow pattern similar to natural spontaneous 
breathing and to produce a diaphragmatic contraction. 
Patients can breathe spontaneously during any phase of 
the procedure.

Myers and MacIntyre in their study, data from many 
clinical crossover studies showed that APRV/BIPAP pro-
duced better oxygenation than conventional ventilation 
modes probably due to mean pressure produced by the 
prolonged inflating period and the improved distribution 
during spontaneous breathing [23].

On evaluating lung mechanics of both groups, There 
was a high statistically significant increase of the Mean 
airway pressure, minute volume, and tidal volume in 
the BIPAP group, while pressure limit and compliance 
showed no statistically significant difference between 
both groups.

Furthermore, Yoshida et  al. performed a retrospec-
tive investigation to ascertain which modality, pres-
sure support ventilation (PSV) or APRV/BIPAP, lessens 
atelectasis in patients with acute lung injury and acute 
respiratory distress syndrome (ARDS). There were no 
obvious changes between the ventilatory modes over 
the research periods, and it was discovered that mean 
airway pressure and peak pressure in both groups were 
moderate (p = 0.391 in Paw mean and p = 0.334 in Paw 
peak). Since the airway pressures in both groups were 
similar and moderate, they concluded that the advantage 

of BIPAP appeared to result from the preservation of 
spontaneous breathing rather than from a large mean 
airway pressure. The fact that APRV/BIPAP is a pressure-
control mode of breathing is probably responsible for a 
decrease in peak airway pressure significantly. This may 
help to explain the difference between APRV/BIPAP and 
pressure support ventilation that Yoshida and colleagues 
found (PSV) [10].

On evaluating the duration of sedation requirements of 
both groups, when compared to the SIMV PC group, the 
BIPAP group experienced a significantly shorter dura-
tion of sedation needs. This dramatic reduction in seda-
tion needs is attributable to the BIPAP patient’s ability to 
breathe spontaneously throughout the ventilator cycle, 
which improves patient-ventilator synchrony.

On evaluating the mechanical ventilation dura-
tion, there was a high statistically significant difference 
between both groups. Duration of mechanical ventilation 
was much lower in the BIPAP group versus the SIMV PC 
group. These results are similar to the study done by Abo 
et al., Mohammed et al., and Zhou et al. [12, 24, 25].

In a retrospective research (2004) involving more than 
600 cardiac surgery patients, it was discovered that allow-
ing patients to breathe spontaneously from the start with 
APRV/BIPAP led to a reduction in the need for analgesics 
and sedatives. According to preliminary data, the amount 
of analgesics and sedatives used by patients with multiple 
trauma who utilize APRV/BIPAP to sustain spontane-
ous breathing throughout an observation period of more 
than 10 days is much lower than that of patients who use 
controlled ventilation for 72 h before weaning [26].

In a unique research study, ARDS patients who had 
already been sedated and paralyzed with inverse-ratio 
ventilation were switched to APRV/BIPAP. To maintain 
a constant stimulated bispectral index (BIS) value of 70, 
approximately 70% less neuromuscular blockade and 30% 
less sedation (benzodiazepines) were needed [27].

In a cohort trial, Marik et  al. employed APRV/BIPAP 
with low-level pressure support (PS) to assess the effects 
on oxygenation and ventilation parameters in patients 
with severe ARDS. During the trial period, oxygenation 
and ventilation data, as well as the administration of seda-
tive and vasopressor drugs, were reported for patients 
with severe ARDS who were converted to APRV/BIPAP 
from low tidal volume assist-controlled (AC) ventilation. 
Surprisingly, they discovered that patients tolerate APRV/
BIPAP very well, allowing many patients to stop using 
sedatives. After 24 h of APRV/BIPAP, the daily dosage of 
sedatives and vasopressors was reduced by 46% [28].

In the present study, both groups showed no statisti-
cally significant difference in relation to the outcome. 
Numerous studies concur with us that APRV/BIPAP did 
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not reduce ARDS patient death, but it was linked to a 
shorter stay in the critical care unit (ICU) [14, 17, 29].

In contrast to what we found, Liu et  al. discovered 
that ICU mortality was significantly lower in the APRV 
group compared to the SIMV group and that APRV 
and SIMV were associated with equivalent lengths of 
mechanical ventilation and ICU stays. The results may 
have been greatly impacted by the severity of ARDS 
among the patient participants in the study [30].

All of the aforementioned research indicates that 
BIPAP considerably lessens the requirement for seda-
tion and neuromuscular blockade. This is a crucial con-
cern since more frequent sedation has been linked to 
longer periods of mechanical ventilation, higher rates 
of ventilator-associated pneumonia, delirium, and 
higher mortality [31].

Conclusion

•	 In ARDS BIPAP with a longer Thigh of high pres-
sure is superior to conventional SIMV PC with bet-
ter recruitment and oxygenation with less hemo-
dynamic compromise and a shorter duration of 
mechanical ventilation.
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