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Ab s t r Ac t
Background: Oxygen delivery devices with positive end-expiratory pressure (PEEP) valves have been described, but high inspiratory flows 
may lead to poor tolerance in tachypneic patients. Positive expiratory pressure oxygen therapy (PEP-OT) using an occlusive face mask, oxygen 
reservoir, and PEEP valve has not been evaluated in clinical settings.
Materials and methods: In a single-arm intervention trial, patients aged 19–55 years admitted with acute respiratory illness with oxygen support 
were enrolled. PEP-OT trial was given with PEEP of 5 and 7 cm of water over 45 minutes. Feasibility was assessed as uninterrupted completion 
of the PEP-OT trial. The effects of PEP-OT on cardiopulmonary physiology and adverse effects of therapy were recorded.
Results: Fifteen patients (6 males) were enrolled. Fourteen patients had pneumonia and one patient had pulmonary edema. Twelve patients 
(80%) completed the PEP-OT trial. There was significant improvement in respiratory rate (RR) and heart rate (HR) at the end of the 45-minute 
PEP-OT trial (p-values 0.048 and 0.003, respectively). There was a trend toward improved SpO2 and perceived dyspnea. None of the patients 
developed desaturation, shock, or air leaks. Positive expiratory pressure oxygen therapy is a feasible oxygen therapy in patients with acute hypoxia.
Conclusion: Positive expiratory pressure oxygen therapy seems to be safe and has a positive impact on respiratory mechanics in parenchymal 
respiratory pathology.
Keywords: Acute respiratory distress, Oxygen therapy, Positive end-expiratory pressure valve, Positive expiratory pressure oxygen therapy, 
Positive expiratory pressure.
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Hi g H l i g H ts
• A novel PEP-OT has been shown to be feasible and safe in 

patients with acute respiratory distress.
• Positive expiratory pressure oxygen therapy use is associated 

with improvement in parameters of respiratory distress.

in t r o d u c t i o n
The most important mechanism of hypoxemia in acutely ill patients 
is shunting of blood due to nonparticipation of diseased alveoli in 
gaseous exchange. The affected alveoli are collapsed or flooded 
with secretions (dense consolidation and collapse) and do not open 
during respiration. These alveolar changes also lead to impaired 
compliance and hence, increased work of breathing. Persistently 
increased work of breathing leads to highly negative intrapleural 
pressure, which can further accentuate the established lung injury 
by lung strain, also known as patient self-inflicted lung injury 
(P-SILI).1,2 Respiratory support devices with end-expiratory pressure, 
such as high-flow nasal cannula (HFNC), continuous positive airway 
pressure (CPAP), and bilevel positive airway pressure (BIPAP), help 
in recruitment of alveoli, hence decreasing shunting and improving 
work of breathing. A recent meta-analysis demonstrated lower 
mortality with face mask and helmet noninvasive ventilation (NIV) 
compared with standard oxygen therapy (SOT) in patients with 
acute respiratory failure.3 But all these therapies require special 
equipment or ventilators, which are expensive and may not be 
available in peripheral hospitals of resource poor countries. These 
equipment run on electricity (some with power backup), limiting 
their use in transport and remote areas. Unprecedented need 
for respiratory support devices during coronavirus disease-2019 

(COVID-19) pandemic has further strained the demand–supply for 
such equipment.4

Positive expiratory pressure therapy is an established chest 
physiotherapy technique that is commonly used in patients with 
lung diseases such as bronchiectasis, lung collapse, and prevention 
of lung atelectasis in postoperative patients.5 Positive expiratory 
pressure therapy helps in distending airways and preventing 
collapse of alveoli during expiration, and hence improving 
functional residual capacity (FRC). Positive expiratory pressure 
therapy has been seen to improve FRC and tidal volume in healthy 
subjects as well as patients with cystic fibrosis.6

Positive end-expiratory pressure valve has been used to deliver 
PEEP during bag and mask ventilation in intubated neonates.7 
Positive end-expiratory pressure valves have been used to add 
CPAP in few oronasal devices with venturi-based high flow, but 
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the clinical data of such devices is scant.8,9 We have developed a 
novel PEP-OT using occlusive face mask, PEEP valve and oxygen 
reservoir.10 In this study, we investigated the feasibility of use of 
PEP-OT in patients requiring oxygen therapy.

MAt e r i A l s A n d Me t H o d s

Study Design and Setting
In a single-arm, open-label intervention feasibility clinical trial, 
patients aged 19–55 years admitted to medical wards of a tertiary 
care hospital in North India from 1st May 2021 to 31st January 
2022 with acute respiratory illness requiring oxygen support were 
included. Patients with features of respiratory distress [either one 
of these: respiratory rate ≥24/minute, SpO2 <94%, or features of 
accessory muscle use (intercostal retractions and nasal flaring)], 
with stability on current support for at least 1 hour were included. 
Patients with any of these were excluded: acute exacerbation of 
asthma or chronic obstructive pulmonary disease, impending 
respiratory failure (features of exhaustion, or SpO2 <90% on 
current respiratory support), poor respiratory efforts (muscular 
weakness or reduced central drive), chronic or acute hypercapnia 
(PaCO2 >45 mm Hg), hemodynamical instability (hypotension or 
requirement of inotropic support), or altered sensorium (Glasgow 
Coma Scale <15). Eligible patients were enrolled after obtaining 
written informed consent. The trial was approved by the Institute 
Ethics Committee and registered at Clinical Trial Registry – India 
(CTRI/2020/12/029679).

Objectives and Outcome Measures
The primary objective of the study was to assess the feasibility of 
using PEP-OT in hospitalized patients requiring oxygen support. 
The secondary objectives were to assess the physiological effects 
of PEP-OT on respiratory system and cardiovascular system, and 
the adverse effects of PEP-OT.

Feasibility was assessed as the proportion of patients com-
pleting a 45-minute trial of PEP-OT. Change in perceived difficulty 
in breathing was assessed by dyspnea visual analog scale (DVAS) 
from baseline. Dyspnea visual analog was rated from 0 to 10 
(10 being worst dyspnea).11 Physiological effects on respiratory 
and cardiovascular system were assessed by change in RR, 
SpO2, HR, capillary refill time (CRT), peripheral pulse volume, 
and blood pressure (BP). Patients were monitored for adverse  

effects – desaturations (SpO2 <90%), hypotension (systolic BP <90 
mm Hg), and any clinical features suggestive of air leaks. 

Positive Expiratory Pressure Oxygen Therapy
Positive expiratory pressure oxygen therapy device was 
assembled using a PEEP valve, nonvented NIV oronasal mask, and  
reservoir from nonrebreathing mask as per Figure 1 (Video 1 and 
Supplementary Material 1; written informed consent was obtained 
from the volunteer for publication of video).10 A reusable PEEP valve 
(AMBU, Ballerup, Denmark) with spring adjusted valve assembly 
able to deliver pressure from 0 to 10 cm of water was used.12 
Reservoir with one-way valve assembly from a nonrebreathing 
mask (Hi mask, Romsons, Agra, India) was used. Noninvasive 
ventilation oronasal mask was fixed to the patient with straps to 
create leak-proof seal. During inspiration, oxygen flows to the 
patient from the reservoir, and the gas flow is adjusted, such that 
the reservoir is not emptied anytime during inspiration. During 
expiration, exhaled gases evacuate through the PEEP valve while 
maintaining the set PEEP, while the one-way valve prevents 
re-entry of exhaled air to the reservoir. Fresh oxygen fills the 
reservoir of this device during expiration. The assembly was initially 
evaluated on a healthy volunteer to check for leaks and expiratory 
pressure delivery. Expiratory pressure delivery was confirmed by 
attaching a continuous pressure monitoring line (used for invasive 
BP monitoring) to a sideport of the NIV mask, and adjusting PEEP 
valve pressure from 0 to 10 cm of water.

Sample Size
As the study was exploratory and aimed at feasibility of a novel 
respiratory support, a convenient sample size of 15 patients was 
decided.

Pr o c e d u r e
For enrolled patients, information on demographic data, 
diagnosis, underlying comorbidities, current oxygen device 
and flow, and baseline physiological parameters (HR, RR, CRT, 
pulse volume, and BP) was recorded. Humidified oxygen flow of 
15 L/min was started just before attaching the assembly to the 
patients. The assembly was attached to the patient’s face with 
straps, and oxygen flow was adjusted, so that the reservoir bag 
did not completely deflate at any phase of respiration. The patient 

Figs 1A and B: PEP-OT assembly. I and E represent direction of inspiratory and expiratory flow
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was initially started at PEP-OT support of 5 cm of water for 15 
minutes followed by 7 cm of water for 30 minutes. The patients’ 
physiological variables were recorded on a multipara monitor, 
and monitored continuously bedside by a single investigator (ND). 
HR and SpO2 were continuously monitored, while RR (counted 
manually for full 1 minute), DVAS, peripheral pulse volume, CRT, 
and BP were recorded at baseline and every 15 minutes for 45 
minutes of PEP-OT trial and 15 minutes after the completion of 
trial. Positive expiratory pressure oxygen therapy was stopped 
in case of any physiological worsening [increase in HR or RR 
by 10%, or fall of SpO2 by 5% from baseline or less than 90%, 
or hypotension [systolic (BP <90 mm Hg)] or if the patient had 
asked to stop therapy due to discomfort. The reason for stopping 
PEP-OT was recorded. After completing 45 minutes of PEP-OT 
trial, patients were shifted back to their previous oxygen support.

Statistical Analysis
The data were managed in Microsoft Excel and analyzed using 
STATA Software Version 13.0 (StataCorp, College Station, TX). 
The continuous parameters were described as median (IQR), and 
categorical parameters were described as a number (%). Respiratory 
rate, SpO2, DVAS, and HR measured at baseline and at 15-, 30-, 
and 45-minutes were summarized. The direction of change in RR, 
SpO2, DVAS, and HR was decided by change from baseline to last 
measurement on PEP-OT. The difference in baseline physiological 
parameters and at completion of PEP-OT trial (45 minutes) was 
compared using Wilcoxon signed-rank test. The trend of parameters 
from baseline to 45-minute value was estimated by generalized 
estimating equation analysis.

re s u lts
Over the study period, 22 patients were screened. Seven patients 
were not included, 4 were excluded, and 3 denied consent. Fifteen 
patients were included in the study. The study flow is summarized 
in Flowchart 1.

Baseline Characteristics
Baseline characteristics of the patients are described in Table 1. 
COVID-19 pneumonia (86%) was the most common respiratory 
condition. Two-third of the patients were on nasal prongs support 
when started on PEP-OT trial.

Outcome of PEP-OT Trial
Twelve patients (80%) completed the 45-minute PEP-OT trial. 
Physiological effects of PEP-OT are described in Table 2. Most 
of the patients who completed the PEP-OT trial demonstrated 
decrease in RR, DVAS, HR, and increase in SpO2. Individual patient 
trends of RR, SpO2, DVAS, and HR values as percentage of baseline 
value over the period of PEP-OT trial are demonstrated in Figure 2. 
None of the patients developed adverse events of desaturations, 
shock, or air leak.

Table 3 describes the trend of RR, SpO2, DVAS, and HR over the 
period of PEP-OT trial and 15 minutes after completion of the trial. 
The decrease in RR and HR from baseline to 45 minutes of PEP-OT 
trial (completion of PEP-OT) was statistically significant (p-value = 
0.048 and 0.003, respectively).

The PEP-OT trial was discontinued in three patients based 
on request by the patients. One patient discontinued PEP-OT at 
2 minutes, as she felt uneasy due to the NIV mask. Two patients 
discontinued PEP-OT at 15 minutes, both felt uneasiness in the 

chest. These two patients had underlying comorbidities (acute 
pancreatitis and metastatic renal carcinoma, respectively). None 
of these three patients developed any desaturation or adverse 
hemodynamic event.

di s c u s s i o n
In this study, we demonstrated the feasibility of a novel oxygen 
therapy PEP-OT in acutely ill patients with respiratory distress. 
Positive expiratory pressure oxygen therapy showed physiological 
effects such as improvement in RR and HR. The therapy was safely 
delivered in all the patients.

We used the PEP-OT device primarily in parenchymal 
pathologies: pneumonia and pulmonary edema. The device was 
well-tolerated in these conditions. Among portable CPAP devices, 
Boussignac CPAP system is the most studied in clinical setting. 

Flowchart 1: CONSORT study flow diagram

Table 1: Baseline characteristics

Characteristic N = 15

Age, year, median (IQR) 42 (36, 48)

Male 6 (40)

Duration of admission, days, median (IQR) 4 (3, 18)

Diagnosis
COVID-19 pneumonia
Pneumonia with effusion
Pulmonary edema

13 (86)
1 (7)
1 (7)

Comorbidities 10 (67)

Chest radiograph shadows
Alveolar
Interstitial 

10 (67)
5 (33)

Oxygen support
Nasal cannula
Face mask
Partial rebreathing mask

10 (67)
4 (26)
1 (7)

Oxygen flow, L/min, median (IQR) 6 (4, 7)
Values described as number (%), unless specified; COVID-19, coronavirus 
disease 2019
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Table 2: Effect of PEP-OT on physiological parameters 

Outcome N = 15 (Unless specified)

Completion of PEP-OT trial 12 (80)

Change in respiratory rate (n = 14)
No change
Decrease
Increase

1 (7)
11 (79)

2 (14)

Change in SpO2 (n = 14)
No change
Decrease
Increase

2 (14)
1 (7)

11 (79)

Change in DVAS (n = 14)
No change
Decrease
Increase

4 (29)
6 (42)
4 (29)

Change in heart rate (n = 14)
No change
Decrease

2 (14)
12 (86)

Values described as number (%). Change in physiological parameters was calculated for 14 patients, as one patient interrupted PEP-OT within  
2 minutes. Change in values (no change, decrease, increase) is based on change from baseline to last measurement on PEP-OT; DVAS, dyspnea visual 
analog scale, PEP-OT, positive expiratory pressure oxygen therapy

Figs 2A to D: Individual patient trend over 45 minutes of use of PEP-OT in the RR, SpO2, dyspnea visual analog scale, and HR represented as 
percentage change to the baseline value
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It uses high-flow insufflation of oxygen to create turbulence 
and virtual pressure valve.13 This device has also shown clinical 
feasibility in various scenarios, including pulmonary edema, acute 
hypoxemic failure, and prevention of postoperative atelectasis.14,15 
But pressure delivery in Boussignac CPAP system is dependent 
on patient efforts, and expiratory pressure can increase and 
inspiratory pressure can fall with increased respiratory efforts.13 
The PEEP valve used in PEP-OT is a physical valve with fixed 
resistance, and is unlikely to be affected by respiratory efforts. 
The expiratory pressure for PEEP valves has been demonstrated 
to be consistent when used in other scenarios like delivering CPAP 
in conjunction with CPAP machines or delivering PEEP with self-
inflating bag.16,17 Few other CPAP devices using PEEP valve utilize 
venturi effect for delivery of high flow, but the pressure delivered 
fluctuates in a scenario of raised inspiratory flow and effort.8 Clinical 
studies of these devices are scarce.9 Use of reservoir in PEP-OT 
for uninterrupted inspiratory flow prevents adverse effects of 
inadequate gas flow.

The physiological effects of PEP-OT demonstrated a significant 
decrease in RR and HR and a trend toward improvement of DVAS 
and SpO2. These effects are similar to cardiorespiratory effects of 
CPAP seen in other studies. Application of PEEP in spontaneously 
breathing ventilated patients has been shown to decrease RR by 0.4/
minute for each 1 cm of water change in PEEP.18 Continuous positive 
airway pressure applied to patients with acute hypoxemia has 
been shown to decrease RR, and the effect was more pronounced 
with longer CPAP of 60 minutes compared with 10 minutes.16 The 
physiological basis for this effect includes improvement in FRC/
lung compliance and gas exchange, Hering–Breuer inflation/
deflation reflex, and stimulation of inspiratory muscle activity 
prolonging exhalation. Continuous positive airway pressure has 
been demonstrated to decrease HR in patients with heart failure.19

Our study suggests that PEP-OT is safe to use in patients 
with acute parenchymal diseases, but larger studies are needed 
to confirm these findings. In the three patients who interrupted 
PEP-OT, there were no adverse physiological changes. We used 
NIV mask with straps, and it is not uncommon to have intolerance 
to initial use of NIV mask.20 Two patients had comorbidities that 
could contribute to discomfort in the chest and upper abdomen. 
Being a closed system, failure of oxygen delivery can lead to risk of 
suffocation. The device has to be used under direct observation, and 
in awake patients who should be instructed to remove the mask, 
if needed. Modification of device and use of open-end reservoir 
could solve this problem. We did not face any such episode during 
the study.

Lack of the need for special CPAP equipment and electricity 
are the major advantages of PEP-OT. Positive expiratory pressure 

oxygen therapy is also free of asynchrony commonly seen with 
NIV. The items used for assembly are readily available and low-cost. 
Reusable PEEP valves further decrease the cost in resource-poor 
settings.

The limitations of the study include use of 100% oxygen in the 
study, which could contribute to improved SpO2 with PEP-OT. Use 
of blender or an open-end reservoir could help in delivery of lower 
oxygen concentration. We did not monitor the actual pressures 
delivered. We did not monitor changes in PCO2 due to possible 
rebreathing.

co n c lu s i o n
The study suggests the feasibility of PEP-OT in acute hypoxia. 
Positive expiratory pressure oxygen therapy seems to be safe and 
has positive impact on respiratory mechanics in parenchymal 
respiratory pathology. Further studies of PEP-OT in specific clinical 
indications of CPAP, such as heart failure, are needed.

su P P l e M e n tA ry MAt e r i A l
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