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Oral Positive Expiratory Pressure Device
for Excessive Dynamic Airway Collapse
Caused by Emphysema
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Excessive dynamic airway collapse (EDAC) contributes to breathlessness and reduced quality of life in

individuals with emphysema. We tested a novel, portable, oral positive expiratory pressure (o-PEP)

device in a patient with emphysema and EDAC. MRI revealed expiratory tracheal narrowing to

80 mm2 that increased to 170 mm2 with the o-PEP device. After 2-weeks use of the o-PEP device for

33% to 66% of activities, breathlessness, quality of life, and exertional dyspnea improved compared

with minimal clinically important differences (MCID): University of California-San Diego Shortness of

Breath questionnaire score declined 69 to 42 (MCID, $5), St. George’s Respiratory Questionnaire

score decreased 71 to 27 (MCID, $4), and before and after the 6-minute walk test Borg score dif-

ference improved from D3 to D2 (MCID, $1). During the 6-minute walk test on room air without the

use of the o-PEP device, oxyhemoglobin saturation declined 91% to 83%; whereas, with the o-PEP

device, the nadir was 90%. Use of the o-PEP device reduced expiratory central airway collapse and

improved dyspnea, quality of life, and exertional desaturation in a patient with EDAC and emphysema.
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Excessive dynamic airway collapse (EDAC) is characterized
by excessive bulging of the posterior-tracheobronchial
membrane that impedes expiratory airflow and causes poor
secretion clearance, recurrent bronchitis, cough, and
dyspnea.1 With concurrent emphysema, EDAC contributes
independently to exertional dyspnea and reduced quality of
life.2 EDAC’s primary noninvasive therapy is CPAP that
functions as a pneumatic stent to prevent expiratory airway
collapse.3 Although CPAP improves symptoms for some
patients, it is impractical for use during activities. Surgical
interventions such as tracheobronchoplasty are beneficial
for appropriate individuals but are not feasible for others.4
-minute walk test; EDAC = excessive
ID = minimal clinically important dif-
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We tested a novel, portable PEP device in a patient with
emphysema and EDAC. The study was approved by the
University of Cincinnati Institutional Review Board
(ID#2017-6536).
PEP Device
We developed a hands-free, three dimensional-
printed oral-PEP device (patent pending).
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O-PEP is held by the lips like a whistle and is
attached to a necklace/lanyard for immediate
access during activities. O-PEP devices with
graded airflow resistances generate
expiratory pressures of 5 to 17 cm H2O
(Fig 1).
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Figure 1 – A-C, Oral-positive expiratory pressure device (o-PEP, patent pendi
comfortably in the mouth by the lips. It generates positive pressure on expirati
immediate availability and use during activities. C, Box-plot of positive expira
o-PEP device with variable degrees of airflow resistance that produce airway p
The laryngopharyngeal pressures were measured with the use of a high-resolu
breathing and during bicycle ergometer exercise. The pressures are near zero
exercise; NB ¼ normal breathing; PEP ¼ positive expiratory pressure.
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Study Participant
A 31-year-old woman with galactosialidosis,
bronchiectasis, and pan-lobular emphysema was
evaluated for dyspnea and frequent exacerbations.6 An
awake bronchoscopy showed severe EDAC that was
mitigated with 12 cm H2O CPAP (Table 1).
PEP 2 Ex PEP 1 ExPEP 2
Rest

PEP 1
Rest

Sham
Rest

Sham Ex

gopharyngeal Pressures

ng). A and B, A lightweight, small 3.5 � 3-cm device that can be held
on. The device can be attached to a lanyard and hung around neck for
tory pressures that are generated with the use of different grades of the
ressures that range from 5 to 17 cm H2O among five healthy subjects.
tion esophageal manometer placed in the upper airway during restful
during normal breathing and with use of the sham device. Ex ¼
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TABLE 1 ] Diagnostic Evaluation Findings

Pulmonary Function Test Values % of predicted

FEV1, s 0.71 L 26%

FVC 1.40 L 44%

Total lung capacity 4.49 L 102%

Residual volume 3.03 L 251%

DLCO 6.57 mL/min/mm Hg 29%

Arterial blood gas Values

pH 7.46

PCO2 32 mm Hg

PAO2 60 mm Hg

Chest CT Scan (static inspiratory and expiratory images)

Severe pan-lobular emphysema; diffuse bronchial wall thickening

Greater than 50% collapse of the left main stem bronchus on expiration; findings compatible with bronchomalacia

Mosaic attenuation on expiratory images, compatible with air trapping

Opacification of the left inferior lingular segmental bronchus, with collapse and consolidation of the posterior aspect of the
lingula

Awake Dynamic Bronchoscopy Description

Central airway region Expiratory collapse compared with inspiration (percent reduction in size) with
tidal breathing

Trachea Mid-trachea: 50%; distal trachea: 60%

Right main bronchus 70% 2-cm length

Left main bronchus 95% 4-cm length

CPAP titration level for #50% expiratory
collapse

12 cm H2O
Methods
The baseline exercise capacity, exertional dyspnea, and quality of life
were assessed by a 6-minute walk test (6MWT), University of
California-San Diego Shortness of Breath questionnaire, and the St.
George’s Respiratory Questionnaire, respectively. O-PEP devices with
variable resistances were tested, and the o-PEP device that generated
the highest tolerable pressure was prescribed for use during daily
activities (8 to 10 cm H2O o-PEP). After 2 weeks, the outcome
metrics were repeated. Minimal clinically important differences
chestjournal.org
(MCID) were used to define significance.7 The patient rated the
overall benefit of device from 0 to 10 (10 being best) and provided
feedback.

Proton and hyperpolarized 129Xe MRI was performed with
and without the o-PEP device during tidal breathing at rest and
gated to end-expiration via a respiratory belt. Images were
segmented to measure the tracheal cross-sectional area.8 Regional
ventilation was assessed by analyzing the 129Xe ventilation defect
percentage.
Results
The MRI showed marked expiratory central airway
collapse that was most severe in the mid-distal
trachea, narrowing to 80 mm2 cross-sectional area.
With the o-PEP device, the expiratory cross-sectional
area increased to 170 mm2 (Fig 2; Video 1). The
oxyhemoglobin saturation was >90% throughout the
MRI, and there were no differences in 129Xe MRI
ventilatory defects during tidal breathing with and
without the o-PEP device (38.3% vs 40.2%).

After 2-weeks of the o-PEP device use, dyspnea, quality
of life, and exertional dyspnea significantly improved.
The University of California-San Diego Shortness
of Breath questionnaire score declined from 69 to
42 (D-27; MCID, $5); the St. George’s Respiratory

Questionnaire score decreased from 71 to 27

(D-44; MCID, $4) and before and after 6MWT Borg
score difference improved from D3 to D2
(MCID, $1). The 6MWT distance did not change
(D-25 feet, MCID, $98). During the 6MWT on room

air without the o-PEP device, the oxyhemoglobin
saturation declined from 91% to a nadir of

83% (D-12%) with recovery time to baseline Borg of 3
minutes; whereas with the o-PEP device, the nadir was
e335
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Figure 2 – A-D, MRI geometric analysis of the trachea. A, Sagittal image of the trachea during expiration with normal breathing (left) and with use of
the o-PEP device (right). B, Axial slices of the trachea at the levels highlighted by yellow arrows in the sagittal view. The tracheal lumen is highlighted in
red (normal breathing) and blue (with the o-PEP device) for comparison of cross-sectional area. C, Surface renderings of the posterior view of the
membranous trachea in normal breathing (red) and with the o-PEP device (blue). The concavities present during normal breathing are reduced with
use of the o-PEP device. D, Differences in cross-sectional area (square millimeters) at multiple levels across the length of the trachea with normal
breathing (red) and with use of the o-PEP device (blue). The minimum cross-sectional dimension is in mid-tracheal region with area of 80 mm2 during
normal expiration. With use of the o-PEP device, the expiratory cross-sectional area in this region increased by 112% to 170 mm2. o-PEP ¼ oral-
positive expiratory pressure device (o-PEP, patent pending)
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90% (D-1%), and recovery time to baseline Borg was 1
minute.

The patient rated the benefit of the o-PEP device as 9 of
10. She used the device for approximately 33% to 66% of
activities and reported that it helped control her
breathing, decreased her exertional respiratory rate, and
reduced anxiety caused by breathlessness. She cited no
major challenges with using the o-PEP device, other
than occasionally forgetting to use it.

Discussion
In this proof-of-concept study, the o-PEP device prevented
expiratory central airway collapse and improved
breathlessness, quality of life, and exertional desaturation in
a patient with severe EDAC and emphysema. O-PEP is
noninvasive, portable, inexpensive, and readily accessible
during daily activities that involve physical exertion that may
allow patients to be more active and participate in other
essential therapies of EDAC treatment like pulmonary
rehabilitation. Surgical interventions may not be feasible for
some patients and have potential complications.4,9 Surgery
stabilizes central airways; however, dynamic collapse can
also involve the distal airways, and flow-limiting segments
can migrate peripherally. Treatment with CPAP is effective
but not portable.

The mechanisms for attenuation of exertional
desaturation by the o-PEP device may include improved
ventilation-perfusion mismatch or reduced dynamic
hyperinflation caused by slower respiratory rate and
prevention of small airways collapse.10 There were no
changes observed in ventilation defects on the 129Xe
MRI. However, the measurements were made at rest and
may not reflect potential beneficial effects on ventilatory
distribution and exertional gas exchange during exercise
with the o-PEP device.

We conclude that the o-PEP device may enhance quality of
life and relieve dyspnea in individuals with EDAC and
severe emphysema. Larger studies should be done to define
populations who might benefit from the o-PEP device
chestjournal.org
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