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ABSTRACT
Purpose: Most patients with chronic obstructive pulmonary 
disease (COPD) complain of dyspnea during and follow-
ing exercise, and the development of intrinsic positive end-
expiratory pressure (PEEP) is thought to contribute to lung 
hyperinflation and dyspnea.  Many people with COPD use 
pursed lip breathing (PLB) in an attempt to produce extrin-
sic PEEP to reduce lung hyperinflation and dyspnea during 
and following exertion. We hypothesized that the use of a 
threshold, extrinsic PEEP device would reduce post-exer-
cise dyspnea in people with COPD.  Methods: A double 
blind, crossover study was conducted on post-exercise dys-
pnea in 8 patients with COPD whose exercise tolerance 
was limited by dyspnea. Subjects performed two identical 
6-minute treadmill bouts that led to a Borg dyspnea rating 
of at least 5/10.  Dyspnea, heart rate, and oxygen-hemoglo-
bin saturation (SpO2) were recorded at rest, every 2 minutes 
during exercise and at 2, 5, and 10 minutes post-exercise.  
Immediately following the exercise bouts, the subjects used 
either a threshold PEEP device for 6 breaths at 10 cm H2O 
or a Sham device.  Results: Heart rate and SpO2 were not 
different between treatments any time point before, dur-
ing, or after exercise.  Dyspnea ratings were not different 
between devices at rest or during exercise, but were lower 
in the post-exercise period following use of PEEP (p < 0.05).  
When asked which device, if any, the subjects would prefer 
to use to relieve post-exercise dyspnea, 7 of 8 chose the 
PEEP device and one had no preference.  Conclusions: We 
found that the use of a PEEP device can help reduce post-
exercise dyspnea in patients with COPD. 
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INTRODUCTION AND PURPOSE
Dyspnea during and following exertion is a common 

symptom reported by patients with chronic obstructive 
pulmonary disease (COPD), despite optimal medical man-
agement, the use of supplemental oxygen and pursed lip 
breathing (PLB).  Many factors may contribute to the sense 
of dyspnea people with COPD experience during and fol-
lowing exercise including poor physical fitness,1 hypercap-
nia,2 hypoxemia,3 and dynamic hyperinflation (DH).4  Dy-
namic hyperinflation is the result of expiratory flow limita-
tion. Most people with COPD are able to maintain a stable 
end expiratory lung volume (EELV) and inspiratory capac-
ity (IC) at rest, but with the increased ventilatory demand 
imposed during exercise, expiratory flow limitations arise, 
leading to increased EELV and reduced IC.  Increased EELV 
and the resultant reduced IC have been identified as major 
contributory factors to dyspnea in exercising people with 
COPD.5,6  Treatments to reduce airflow obstruction and/or 
DH include pursed lip breathing (PLB),7,8 anti-inflammatory 
drugs,9 breathing helium–oxygen mixtures,10,11 bronchodi-
lators,9,12 placement of endobronchial valves,13,14 and lung 
volume reduction surgery.15,16

Pursed lip breathing has been recommended as a means 
to reduce dyspnea in people with COPD.7,17,18  One mecha-
nism by which PLB could reduce dyspnea is reversing DH 
through an increased intraluminal pressure in the airways, 
resulting in a shift of the equal pressure point from distal to 
proximal airways, prolongation of exhalation, and prevent-
ing or attenuating dynamic airway collapse.19  While PLB 
increases mouth expiratory resistance and can increase 
intraluminal airway pressure, there are limitations on its 
performance.  When a patient begins PLB, expired airflow 
begins as soon as there is a pressure gradient between the 
lungs and the atmosphere and the increase in intralumi-
nal pressure is due to the increased mouth expiratory re-
sistance, which varies as a function of the rate of airflow. 
The use of a threshold device to induce intraluminal airway 
pressure splinting has the potential advantage of generating 
an intraluminal pressure that is a function of the device, 
which means that intraluminal pressure is maintained at the 
set threshold pressure throughout the expiratory cycle, gen-
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erating higher airway expiratory pressures, reducing airway 
collapse and DH, and thus possibly reducing dyspnea.

Positive end-expiratory pressure devices have been 
used to reduce ventilatory work, improve gas exchange and 
counteract intrinsic PEEP in patients receiving mechanical 
ventilation,20,21 but to our knowledge, this technique has not 
been used on an intermittent basis in nonventilated sub-
jects.  Petrof et al20 used continuous positive airway pressure 
(CPAP) to counteract intrinsic PEEP in people with COPD 
receiving mechanical ventilation. With 15 cm H2O of CPAP, 
the amount of inspiratory work performed per minute and 
per liter of ventilation decreased by 49.8% and 41.8%, re-
spectively.  van den Berg21 also found that CPAP reduced 
the work of breathing in mechanically ventilated patients. 
Henke22 used CPAP during exercise in cystic fibrosis patients 
and reported reduced dyspnea and noted that patients with 
the most severe obstruction received the greatest benefit.

These observations suggest that the use of an extrinsic 
threshold PEEP device could reduce post-exercise dyspnea 
in patients with COPD.  Therefore, the purpose of this study 
was to determine if the short-term use of a PEEP device 
could reduce post-exercise dyspnea rating in people with 
COPD habitually accustomed to using PLB.

METHODS
Subjects

Subjects signed informed consent to participate in re-
search and their rights were protected according to the 
procedures of the University of Florida Institutional Re-
view Board (IRB-01).  Entry criteria included a diagnosis 
of COPD with an FEV1.0 of < 50% of predicted, no ortho-
pedic or neurological problems limiting exercise tolerance 
or affecting gait, familiarity with walking on a treadmill, 
exercise tolerance limited by dyspnea, habitual use of PLB 
during exercise to relieve dyspnea (by self report), and the 
ability to rate dyspnea levels on a Borg scale.23 Subjects 
were a sample of convenience and were recruited from 
local pulmonary rehabilitation programs and pulmonary 
medicine clinics.  All subjects had a smoking history, but 
none had smoked in more than 3 months.

Subjects reported to the Physical Therapy exercise test-
ing laboratory for 2 visits.  The first visit included obtain-
ing informed consent, pulmonary function testing, famil-
iarization with the dyspnea scale, and familiarization with 
the Sham and PEEP devices.  Based on the patients’ self-
reported exercise tolerance, an initial treadmill walking 
speed was determined and gradual increases were made 
in treadmill walking speed to determine a walking speed 
(at 0% grade) that would result in a Borg dyspnea rating of 
5 at the end of a 6-minute walking bout.  If subjects used 
supplemental oxygen during exercise, they continued to do 
so during observation.

Pulmonary function was measured with forced vital ca-
pacity spirometry (Future Med, Futuremed America, Inc., 
Granada Hills, CA) according to ATS/ERS standards.24 Sub-
jects used their usual medications as directed prior to all 
testing and were administered a single breath of a fast act-
ing bronchodilator (Albuterol120 mcg) 30 minutes prior to 
pulmonary function testing and exercise bouts. 

The second visit started with the subjects using the 
bronchodilator inhaler followed by a 30 minute seated rest 
period. The subjects rated their dyspnea at rest and then 
performed a 6 minute walking bout on a treadmill at the 
previously determined speed.  All subjects habitually used 
PLB during exercise, and were instructed to do so during 
the walking and post-exercise periods.  Dyspnea ratings, 
heart rate, and SpO2 were obtained at rest, during exercise 
at minutes 2, 4, and 6 and at minutes 2, 5, and 10 during 
the post-exercise period.   

After 6 minutes of exercise, the treadmill was stopped 
and the subjects immediately breathed through the Sham 
or PEEP device for 6 breaths. The investigator that oversaw 
the exercise bout and device used then left the room and an 
investigator blinded to the device used, obtained dyspnea 
ratings from the subjects at 2, 5, and 10 minutes post-ex-
ercise.  The subjects then used the bronchodilator inhaler, 
rested for 30 minutes and the process was repeated with 
the alternate device. The order of presentation for Sham 
and PEEP devices was counterbalanced. 

Dyspnea was rated by having the subjects point to a 
number on a large print Borg scale in the last 20 seconds of 
each time interval.23 The 0-10 Borg scale for rating dyspnea 
during exercise has been shown to be reproducible and 
responsive to change in people with COPD.4  The subjects 
were instructed to rate only their dyspnea and to not in-
clude any nonrespiratory sensations.  Immediately follow-
ing the 10 minute post-exercise dyspnea rating after the last 
walking bout, an investigator showed both devices to the 
subject and asked, “Which device, if any, did you prefer to 
use to reduce post-exercise shortness of breath?”

Devices
The PEEP device was a Respironics Threshold PEP® 

valve (model #HS735, Respironics, Inc, Cedar Grove, NJ) 
set at 10 cm H2O of pressure.  Subjects were instructed to 
inhale through the nose and exhale slowly and as deeply 
as possible through the PEEP device 6 times. Subjects who 
were unable to exhale only through the devices were in-
structed to pinch their nose closed during exhalation.  The 
number of breaths and pressure setting were set based on 
our prior clinical experience with the PEEP device and 
were found to provide the greatest effect on dyspnea in 
patients with COPD.  The relationship between exhaled 
tidal volume, exhaled peak air flow and pressure in the 
PEEP device was measured previously on a custom manu-
factured lung simulator for 50 breaths.  At an average ex-
haled tidal volume of 643 ± 17 ml with a peak expiratory 
flow of 61.6 ± 12.1 l/min, the pressure inside the PEEP 
device was 13.8 ± .6 cm H2O when the device was set at 
10 cm H2O. 

The Sham device was a Respironics Pflex® (model # 
HS553) inspiratory muscle trainer set at largest opening, 
position 1.  A 3 mm hole was drilled into the device body 
to further reduce the resistance to airflow.  Subjects were 
instructed to inhale through the nose and exhale slow-
ly and as deeply as possible through the Sham device 6 
times. Subjects who were unable to exhale only through 
the devices were instructed to pinch their nose closed dur-
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ing exhalation.  As with the PEEP device, the relationship 
between exhaled tidal volume, exhaled peak airflow, and 
pressure in the Sham device was measured with a lung sim-
ulator for 50 breaths.  At an average tidal volume of 650 ± 
10 ml, with a peak expiratory flow of 59.5 ± 12.9 l/min, the 
pressure developed inside the modified Pflex® device was 
2.2 ± 1.7cm H2O.  

Analysis
Data were analyzed with ANOVA for repeated mea-

sures with two within subject factors, time and device using 
JMP statistical software (Version 7, SAS Institute Inc, Cary, 
NC).  When significant interactions were found, simple 
effects were analyzed with cell means contrasts.25  Pre-
planned contrasts were performed to compare variables at 
rest and during exercise between treatments.  Significance 
was set at p < 0.05. 

RESULTS
Eight subjects (4M/4F) completed all aspects of the 

study.  Three additional subjects were recruited but were 
not studied because they were unable to tolerate repeated 
6 minute walking bouts, were unable to reliably achieve a 
dyspnea rating of 5 during the trial visit or developed ven-
tricular premature beats during the initial treadmill walk-
ing bout.  Demographic data are given in Table 1. Five of 
8 subjects used supplemental oxygen with a nasal canula 
during the rest, exercise, and post-exercise periods.  All 8 
subjects habitually used PLB and continued to do so during 
the exercise and post-exercise periods.  

Table 1.  Subject Characteristics
Gender 4M/4F

Age (yrs) 61.6 ± 11.0

Height (cm) 171.5 ± 12.7

Weight (kg) 79.0 ± 25.9

FVC (L) 2.07 ± 0.92

FVC (% predicted) 47.0 ± 9.1

FEV1.0 (L) 1.08 ± 0.56

FEV1.0 (%predicted) 34.6 ± 9.7

FEV1.0 / FVC (%) 53.9 ± 15.1

TM walking speed (m/min) 60.6 ± 23.4

Supplemental O2 use (L/min) during exercise, N = 5 2.20 ± 0.45

Data shown as mean ± SD.

Heart rates and SpO2at rest, during exercise and post-
exercise are shown in Figures 1 and 2.  ANOVA revealed 
no statistically significant treatment or interaction effects 
in either variable.  Planned contrasts revealed that, as ex-
pected, heart rates were higher during exercise minutes 2, 
4, and 6 compared to resting or post-exercise periods, p < 
0.0001, but were not different between treatments. SpO2 
was lower during exercise minutes 2, 4, and 6 compared to 
rest or post-exercise, p < 0.0001, but again, did not differ 
between treatment conditions. 

Dyspnea ratings are shown in Figure 3.  There was a 
significant device and time interaction for dyspnea (p = 

Figure 1. Heart rate response. HR was higher (p< 0.05) 
at minutes 2, 4 and 6 of exercise compared to rest and 2, 
5 and 10 minutes post-exercise (Pex). Time intervals with 
the same letter designation are not different (p > 0.05).  
There were no significant differences between the PEEP 
and Sham treatments.

Figure 2. SpO2(%) response. SpO2(%) was lower (p< 0.05) 
at minutes 2,4 and 6 of exercise compared to rest and 2, 5 
and 10 minutes post-exercise. Time intervals with the same 
letter designation are not different (p > 0.05). There were 
no significant differences between the PEEP and Sham 
treatments, p > 0.05.  Data shown as mean ± SE.
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0.003), thus simple effects were performed.  A contrast com-
paring pooled dyspnea ratings between devices at rest and 
during exercise was not significant (p = 0.37).  A contrast 
comparing the pooled dyspnea ratings between devices dur-
ing the post-exercise period (pooled average of post exercise 
minutes 2, 5 and 10) revealed lower dyspnea ratings after 
the PEEP treatment compared to Sham.  The average pooled 
post-exercise dyspnea ratings for the Sham versus PEEP treat-
ments respectively were 2.6 ± 1.4 vs. 1.8 ± 1.2 (p < 0.0001).  
The mean post-exercise Sham minus PEEP dyspnea rating 
difference was 0.83 ± 0.87 (95% CI 0.58 – 1.09).

DISCUSSION
The novel finding of this study is that 6 breaths through 

an extrinsic threshold PEEP device set at 10 cm H2O im-
mediately after exercise reduced dyspnea in the post-exer-
cise period in patients with moderate to severe COPD that 
habitually used PLB.  The mean difference (0.83 ± 0.87) 
in dyspnea between treatments was statistically significant 
and approached the minimally clinical significant differ-
ence of 1 unit.

In the normal healthy lung, the filled alveoli exert 
outward radial traction on collapsible airways and help 
hold the airways open during exhalation.  In patients with 
significant COPD, alveolar destruction reduces outward 
radial traction on the airways, allowing airway collapse, 
trapping air in alveoli, and resulting in increased EELV or 
DH and reduced IC.26 During exercise, when ventilation 
and respiratory rate are increased and expiratory time is 
deceased, the air trapping worsens, EELV increases, IC 
decreases, and patients report dyspnea that they charac-
terized as an inability to breathe deeply.27  Despite op-
timal pharmacological management for bronchodilation 

and inflammation control, supplemental oxygen and PLB, 
most patients with moderate to severe COPD continue to 
report significant dyspnea during and following exercise.  
While pharmacological treatment can reduce or prevent 
bronchoconstriction and inflammation, bronchodila-
tor and anti-inflammatory drugs are unlikely to prevent 
dynamic airway collapse due to a loss of radial traction 
on the collapsible airways and the resulting DH.  Endo-
bronchial valves are a promising new treatment modality 
for patients with COPD that are thought to mechanically 
reduce or prevent DH in specific regions of the lung and 
thus reduce dyspnea and increase exercise tolerance.13  
However, placement of endobronchial valves requires a 
minimally invasive procedure, bronchoscopy.  Optimal 
benefit from endobronchial valves requires careful selec-
tion of airways and skillful insertion of numerous valves in 
the airways.  Intermittent use of extrinsic PEEP may offer a 
temporary, noninvasive treatment to reduce post-exercise 
dyspnea in patients with COPD.

Increasing DH results in greater threshold and elastic 
loads to breathing and flattening of the diaphragm,28 lead-
ing to diaphragm weakness.29  As DH progresses, IC is re-
duced, patients experience increased drive to breathe and 
since they are unable to generate increased tidal volumes, 
they increase their breathing frequency.  Increased breathing 
frequency exacerbates DH as it limits the time for exhalation 
and a positive feedback cycle ensues in which DH leads to 
decreased IC, leading to increased breathing frequency lead-
ing to intrinsic PEEP, leading to further DH and dyspnea.  

We believe that the application of PEEP to these pa-
tients ameliorates the DH by moving the equal pressure 
point from the more collapsible distal airways into the less 
collapsible proximal airways.  This occurs as the result of 
an increased backpressure of at least 10 cm H2O generated 
during expiration through the PEEP device.  When breath-
ing through the PEEP device set at 10 cm H2O, airflow can 
only result if the lung-to-atmosphere expiratory pressure 
gradient is greater than 10 cm H2O.  The PEEP generates 
a net increase in intraluminal pressure thereby increasing 
the transpulmonary pressure.  The intraluminal pressure 
exceeds the airway collapsing pressure further along the 
airway length with PEEP present.  This moves the equal 
pressure point proximally to less collapsible airways, pre-
venting dynamic airway collapse and gas trapping during 
exhalation.  The 10 cm H2O of PEEP will allow deflation of 
the lung even with the shorter post-exercise related expira-
tory durations.  The prevention of DH reduces lung infla-
tion related dyspnea commonly reported in patients with 
COPD.5,6  In addition, the effect of the PEEP device lasts at 
least 10 minutes during post-exercise rest.

Many patients with COPD use an interval training ap-
proach to rehabilitation in which they exercise for a few 
minutes, become short of breath, rest until their dyspnea 
level returns to near baseline, and then resume exercising. 
The use of extrinsic PEEP may reduce the time that patients 
require to “catch their breath” between exercise bouts, and 
thus possibly reduce the recovery time between exercise 
bouts.  Future work should evaluate the use of extrinsic 
PEEP during exercise.

Figure 3. Dyspnea ratings. Dyspnea ratings were lower fol-
lowing the use of PEEP (b) compared to the Sham condi-
tion (a) at 2, 5 and 10 minutes post-exercise, p < 0.001. 
Data shown as mean ± SE.  
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There are some limitations to our work. We elected to 
not make serial measures of IC during the post-exercise pe-
riod, because we feared that repeated IC measures might 
lead to DH and obscure any potential therapeutic effect 
of PEEP on post-exercise dyspnea.  Future studies examin-
ing the impact of PEEP on IC and lung mechanics during 
and following exercise are warranted.  Our sample size 
was small, but we were able to detect a statistically sig-
nificant effect on post-exercise dyspnea, indicating a robust 
treatment effect.  The use of the PEEP device resulted in a 
mean Borg scale change in dyspnea at 2 and 5 minutes 
post-exercise of 1.00 ± 0.01 units, which meets the criteria 
for a minimally clinically important difference.30 As a safety 
factor, we propose that recent thoracic surgery and/or a his-
tory of spontaneous pneumothorax are relative contraindi-
cations to the use of extrinsic PEEP.  

CONCLUSIONS
In summary, we found that 6 breaths through a thresh-

old PEEP device set at 10 cm H2O reduced post-exercise 
dyspnea in patients with moderate to severe COPD com-
pared to the Sham device plus PLB condition.  This treat-
ment will enable patients to recover from dyspnea more 
rapidly than when using PLB alone. Further studies exam-
ining the effects of intermittent extrinsic PEEP on dyspnea, 
lung mechanics, and gas exchange during and following 
exercise in patients with COPD are warranted.
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