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BACKGROUND: Breathing exercises with positive expiratory pressure (PEP) are used to improve
pulmonary function and airway clearance. Different PEP devices are available, but there have been
no studies that describe the pressure generated by different resistors. The purpose of this study was
to compare pressures generated from the proprietary resistor components of 4 commercial flowdependent PEP valves with all other parameters kept constant. METHODS: Resistors from 4
flow-regulated PEP devices (Pep/Rmt system, Wellspect HealthCare; Pipe P breathing exerciser,
Koo Medical Equipment; Mini-PEP, Philips Respironics [including resistors by Rüsch]; and 15-mm
endo-adapter, VBM Medizintechnik) were tested randomly by a blinded tester at constant flows of
10 and 18 L/min from an external gas system. All resistors were tested 3 times. RESULTS: Resistors
with a similar diameter produced statistically significant different pressures at the same flow. The
differences were smaller when the flow was 10 L/min compared with 18 L/min. The differences
were also smaller when the diameter of the resistor was increased. The pressures produced by the
4 resistors of the same size were all significantly different when measuring 1.5- and 2.0-mm resistors
at a flow of 10 L/min and 2.0-mm resistors at a flow of 18 L/min (P < .001). There were no
significant differences between any of the resistors when testing sizes of 4.5 and 5.0 mm at either
flow. The Mini-PEP and adapter resistors gave the highest pressures. CONCLUSIONS: Pressures
generated by the different proprietary resistor components of 4 commercial PEP devices were not
comparable, even though the diameter of the resistors is reported to be the same. The pressures
generated were significantly different, particularly when using small-diameter resistors at a high
flow. Therefore, the resistors may not be interchangeable. This is important information for clinicians, particularly when considering PEP for patients who do not tolerate higher pressures. Key
words: positive expiratory pressure; breathing exercises; resistance breathing. [Respir Care
2015;60(10):1418 –1423. © 2015 Daedalus Enterprises]

Introduction
Positive expiratory pressure (PEP) is used in a variety of
clinical settings to improve pulmonary function and air-
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way clearance in patients with a risk of pulmonary impairment.1-3 The use of PEP is standard care in many hospitals
for patients with pulmonary disease or neurological disorders or those undergoing surgery, especially in the Nordic
countries.1-3 PEP can be created by a patient by breathing
through pursed lips, with the size of the opening and the
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expiratory flow determining the pressure,4,5 and when an
expiratory pressure with an average of 5 cm H2O is
reached.6 An inexpensive and often-used application is the
blow bottle, where resistance is created by a tube submerged in water. The water column combined with the
diameter and length of the tube determines the level
of pressure.7 There are also several pressure- and flowgenerated devices on the market. In pressure-regulated devices, expiration is performed against a coil, and a certain
pressure must be achieved to open a valve. In flowregulated devices, resistors or holes with a small lumen
diameter create the resistance. The pressure here is dependent on the size of the lumen and the patient’s expiratory
flow through the device.
When PEP devices are used, a resistance of 5–15 cm H2O
is often prescribed and used in clinical practice.1-3 In
pressure-regulated devices, resistors with varying diameters are used to create the resistance. Even though the
diameter of the lumen on the resistor is reported to be the
same, there are other components of the design, such as
the length and shape of the tube, that may affect the resistance.
In a previous study, flow-regulated PEP devices were
studied at a constant flow of 3–150 L/min.8 With the flowdependent devices that were tested (PEP mask, Pari PEP,
and System 22 PEP), pressure increased with flow, and
this depended on the diameter of the lumen. The valves
alone, with no connection to the resistors, also acted as
resistors, giving a pressure of 0.5–2.6 cm H2O. The authors concluded that the actual pressure should be measured to ensure the intended pressure, regardless of resistor
type used.8
Different companies manufacture resistors that are adaptable not only to their own system but also to other PEP
devices, and the resistors are interchangeable. There are no
studies thus far that describe the pressure during PEP treatment achieved by different resistors with the same reported lumen diameter. The purpose of this study was to
compare pressures generated by the proprietary resistor
components of 4 commercial flow-regulated PEP valves.
Our hypothesis was that the pressures from the 4 different
PEP valves would be the same when all other parameters
were kept constant.
Methods
In this study, we compared resistors from 4 different
flow-regulated PEP devices. The rationale for choosing
these 4 PEP devices was that they are commonly used in
clinical practice in Swedish hospitals. They were: the
Pep/Rmt system (Wellspect HealthCare, Mölndal, Sweden), with 8 resistors with diameters of 1.5 mm (black),
2.0 mm (white), 2.5 mm (yellow), 3.0 mm (blue), 3.5 mm
(green), 4.0 mm (orange), 4.5 mm (dark red), and 5.0 mm
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QUICK LOOK
Current knowledge
Positive expiratory pressure (PEP) is commonly employed in an attempt to improve lung function and enhance secretion removal in a variety of diagnoses. The
utility of PEP has been questioned in many patients,
and the evidence for routine use is scant. PEP is provided by a variety of devices using different methods
to create expiratory pressure and flow resistance. The
role of the device in the success of PEP has not been
evaluated.
What this paper contributes to our knowledge
Pressures generated by the different proprietary resistor
components of 4 commercial PEP devices were not
comparable, even though the diameter of the components is reported to be the same. The pressures generated were significantly different, particularly with smalldiameter resistors at a high flow. The impact of pressure
on the success of PEP therapy remains unknown.

(brown); the Pipe P breathing exerciser (Koo Medical
Equipment, Hong Kong, China), with 8 resistors with diameters of 1.5 mm (black), 2.0 mm (white), 2.5 mm (yellow), 3.0 mm (blue), 3.5 mm (green), 4.0 mm (orange),
4.5 mm (dark red), and 5.0 mm (brown); the Mini-PEP
(Philips Respironics, Murrysville, Pennsylvania), with 8
resistors (Rüsch, Duluth, Georgia) with diameters of 1.5,
2.0, 2.5, 3.0, 3.5, 4.0, 4.5, and 5.0 mm (all light blue); and
the 15-mm endo-adapter (VBM Medizintechnik, Sulz am
Neckar, Germany), with 6 resistors with diameters of
2.0 mm (white), 2.5 mm (yellow), 3.0 mm (blue), 3.5 mm
(green), 4.0 mm (orange), and 5.0 mm (transparent). Figure 1 shows illustrations of the resistors.
The PEP valve used for all tests was Pipe P. The external gas system of the hospital was used to achieve a constant flow. The gas was connected to the inspiratory valve.
The resistor on the inspiratory valve and the valve that is
normally connected to the mouthpiece or mask was plugged,
and there was no air leakage in the system during testing.
A manometer (range of 0 –70 cm H2O) was connected to
the expiratory valve with an intermediate piece. All resistors were tested at flows of 10 and 18 L/min. Each resistor
was tested 3 times at each flow. All resistors were placed
in a box, mixed, and randomly tested by a physiotherapist.
To minimize the risk of bias, the investigator was blinded.
The box and valves were covered with a cloth, and the
resistors were randomly picked from the box and put into
the covered valve, after which the pressure was read on the
manometer. The accuracy of the readings was set to 0.5 cm.
All resistors were tested 3 times without interruption dur-
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ing each test, that is, the flow was not changed during the
test.
Statistics
SPSS 15.0 (SPSS, Chicago, Illinois) was used for statistical analyses. Data are presented as mean ⫾ SD. Data
obtained at 10 and 18 L/min were analyzed separately.
Differences between the measured pressures from the 4
resistors were analyzed by analysis of variance and the
Tukey post hoc test. Statistically significant differences
were set at P ⬍ .05.

Fig. 1. Front views and cross-sections of the resistors tested.
From left to right: Pep/Rmt system, Pipe P, Mini-PEP, and 15-mm
endo-adapter.

Table 1.

Results
Pressures obtained from the tests of the different resistors at flows of 10 and 18 L/min are given in Tables 1 and
2. The measured pressures of the different companies’
resistors and the calculated models for each flow are presented in Figure 2. As expected, the differences in pressure
between the resistors were smaller at a flow of 10 L/min
compared with 18 L/min. The pressure differences were
also smaller with increasing lumen diameter.
At a standardized flow, resistors from different companies that were reported to have the same diameter produced significantly different pressures (see Tables 1 and
2). Regardless of the flow, there were statistically significant differences between pressures generated by resistors
in a size rage of 1.5– 4.0 mm (analysis of variance,
P ⬍ .001). Results from the post hoc tests revealed that
when resistors were compared pairwise, there were statistically significant differences at a flow of 10 L/min with
1.5- and 2.0-mm diameter resistors and at a flow of
18 L/min with 2.0-mm diameter resistors (P ⬍ .001). However, there were no statistically significant differences between any of the 4.5- and 5.0-mm resistors at either flow.
At a constant flow of 10 L/min, the Mini-PEP gave
significantly higher pressures than the Pep/Rmt system
when testing the resistors from 1.5 to 3.0 mm (P ⬍ .001).
The 15-mm endo-adapter resistor gave significantly higher
pressures than the other resistors at all sizes except 5.0 mm
(P ⬍ .05). At a flow of 18 L/min, the Mini-PEP gave
significantly higher pressures that the Pep/Rmt system and
Pipe P when comparing resistors from 2.0 to 3.0 mm
(P ⬎ .001). The 15-mm endo-adapter resistors with diameters of 2.0 –3.5 mm gave significantly higher pressures
compared with the other 3 resistors of each size (P ⬍ .001).

Measured Pressures Obtained With Different Proprietary Resistor Components of 4 Commercial PEP Devices at a Flow 10 L/min

Resistor
Diameter (mm)

Pressure (cm H2O)

P*

Pep/Rmt System

Pipe P

Mini-PEP

15-mm Endo-Adapter

1.5
2.0
2.5

20 ⫾ 0
9⫾0
5.8 ⫾ 0.3

23.7 ⫾ 1.2
11.8 ⫾ 0.3
6⫾0

26.5 ⫾ 0.9
13.5 ⫾ 0
7⫾0

15 ⫾ 0
8⫾0

⬍ .001
⬍ .001
⬍ .001

3.0

3⫾0

3⫾0

4⫾0

5⫾0

⬍ .001

3.5
4.0
4.5
5.0

2⫾0
1⫾0
1⫾0
0.5 ⫾ 0

2⫾0
1⫾0
1⫾0
0.5 ⫾ 0

3⫾0
1.5 ⫾ 0

⬍ .001
⬍ .001
.42
.36

2⫾0
1⫾0
1⫾0
0.8 ⫾ 0.3

1⫾0

Significant Differences
Between:
All (P ⬍ .001)
All (P ⬍ .001)
Mini-PEP vs all (P ⬍ .001)
Endo-adapter vs all (P ⬍ .001)
Mini-PEP vs all (P ⬍ .001)
Endo-adapter vs all (P ⬍ .001)
Endo-adapter vs all (P ⬍ .001)
Endo-adapter vs all (P ⬍ .05)
NS
NS

Values are mean ⫾ SD.
* Analysis of variance.
NS ⫽ not significant
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Measured Pressures Obtained With Different Proprietary Resistor Components of 4 Commercial PEP Devices at a Flow of 18 L/min

Resistor
Diameter (mm)

Pressure (cm H2O)

P*

Pep/Rmt System

Pipe P

Mini-PEP

15-mm Endo-Adapter

1.5
2.0
2.5

⬎ 70 ⫾ 0
32.5 ⫾ 0.3
21 ⫾ 0

⬎70 ⫾ 0
42.7 ⫾ 0.6
21.2 ⫾ 0.3

⬎70 ⫾ 0
47.7 ⫾ 0.6
25 ⫾ 0

51.2 ⫾ 0.8
28.3 ⫾ 0.3

⬍ .001
⬍ .001
⬍ .001

3.0

12 ⫾ 0

12 ⫾ 0

14 ⫾ 0

17.5 ⫾ 0

⬍ .001

3.5

7⫾0

8⫾0

8⫾0

10 ⫾ 0

⬍ .001

4.0
4.5
5.0

5⫾0
3⫾0
2⫾0

4⫾0
2.5 ⫾ 0.5
2.5 ⫾ 0

5⫾0
3⫾0
2⫾0

5.2 ⫾ 0.3

⬍ .001
.10
.09

2⫾0

Significant Differences
Between:
NA
All (P ⬍ .001)
Mini-PEP vs all (P ⬍ .001)
Adapter vs all (p ⬎.001)
Mini-PEP vs all (P ⬍ .001)
Adapter vs all (P ⬍ .001)
Pep/Rmt system vs all
Adapter vs all (P ⬍ .001)
Pipe P vs all (P ⬍ .001)
NS
NS

Values are mean ⫾ SD.
* Analysis of variance.
NA ⫽ not applicable
NS ⫽ not significant

Fig. 2. Graph and calculated model of the pressures (P) from the
different resistors according to resistor diameter (d). Solid lines
show flow at 10 L/min, and dashed lines show flow at 18 L/min.

Discussion
The main findings of this study are that pressures generated by the resistors from 4 different PEP devices are not
comparable, even though the diameter of the resistors is
reported to be similar. All resistors differed significantly
from each other in measurements of the smallest diameters, and the differences were smaller at lower flows. In
addition, the resistor from the 15-mm endo-adapter gave
significantly higher pressures than the other resistors up to
3.5 mm.
The pressure achieved in a PEP system is based on the
flow through the system and the resistance. Our main finding is that, even if the diameters are reported to be the
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same, the pressures exerted by resistors from various companies differ, which was most prominent when testing
resistances with smaller diameters at higher flows. At a
lower flow with a larger lumen, the differences between
the resistors were not large enough to be detected under
our experimental conditions. A relevant question is whether
different resistors with the same diameter are interchangeable in clinical practice. Different companies manufacture
resistors that are also adaptable to other PEP systems. In
addition, some companies use the same color code for the
resistors: the 3.5-mm resistors from the Pep/Rmt system,
Pipe P, and 15-mm endo-adapter are all green. For this
reason, resistors from different PEP devices may be mixed
up in a ward.
Although the resistors that were tested look similar at
first glance, there are visible differences, especially on the
inside (see Fig. 1). The resistors from the 15-mm endoadapter have a longer tube with a tapered end. The other
resistors (the Pep/Rmt system, Pipe P, and Mini-PEP) have
a similar design, but the pressure measured is higher with
the Mini-PEP resistors and lower with the Pep/Rmt system. The differences in design, including the length and
shape of the tube, are reasons for the statistically different
pressures measured during the tests. Pressure in cylindrical
pipes at a laminar flow can be calculated by the Poiseuille
equation. Estimated pressure was calculable for 3 of the
resistor brands because they are cylindrical. According to
calculations, they should have the same pressure; however, this was not borne out by our experimental results,
and we observed significant differences. We postulate that
this is probably due to lack of accuracy regarding lumen
size and the different tube lengths. The exception in these
calculations of estimated pressure is the resistors from the
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15-mm endo-adapter. The diameter of these resistors differs along the length of the tube, as they are tapered, and
it is harder to estimate pressure. In addition, the relationship between laminar and turbulent flow also affects pressure. The ideal pressure expected for each resistor is therefore not possible to determine. Nevertheless, our main
finding is that the resistors give different pressures, even if
the diameter is said to be the same. Although the lumens
of the resistors are similar in cross-sectional area, other
geometrical aspects of the resistors’ designs result in significantly different pressures.
Resistance during flow is generated not only by the
resistors themselves, but also by the valve used in PEP.8 In
a previous study, the Pep/Rmt valve gave the highest resistance, and the pressure measured at constant flows
showed a mean of 2.6 cm H2O, whereas System 22 had a
mean pressure of 0.5 cm H2O, and the Pari PEP had a
mean pressure of 0.9 cm H2O.8 Differences in pressure
have been described when the blow bottle was tested,
where the water column combined with the diameter and
length of the tube determines the level of pressure.7 There
is also a difference in pressure when a mask or mouthpiece
is used.9 When using PEP, it is important to be aware that
the pressure achieved is dependent on the equipment, as
valves and resistors and changing between different devices and systems affect the pressure.
The decision to use flows of 10 and 18 L/min was based
on studies evaluating PEP in subjects with COPD that
showed a flow of 8 –12 L/min10-12 and healthy subjects
with reported flows of 18 L/min13,14 when breathing
through a PEP device. As expected, the differences between resistors of the same diameter increase with an increased flow, and according to the equations shown in
Figure 2, the differences will be more significant at higher
flows. The clinical application of our results is that mixing
resistors from different companies has an even larger impact on patients who breathe at high flows.
Adverse effects of PEP treatment are seldom reported in
clinical trials. In a review evaluating evidence on PEP
training for subjects with COPD, only 3 of 11 articles
registered adverse effects.2 Reported effects were complaints about the mask, dizziness caused by hyperventilation, and the treatment in general. The risk of adverse
effects is minor, but it is a challenge to prescribe the
optimal treatment.
The immediate effect of PEP on lung volume is dependent on several components. The pressure produced and
the breathing pattern, including expiratory force and expired volume, are important in achieving effective treatment.15 Although known clinically, the significant differences between the resistors tested in this study had not
been reported previously. It is hard to prove these differences in clinical settings because treatment depends on so
many factors. However, these differences are worth ex-
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ploring when prescribing PEP treatment to patients, especially when using small-sized resistors and with patients
who breathe at a high flow.
Considering our results, it would be unwise to exchange
resistors from different companies if it is important for a
patient to receive a certain and precise pressure. Even
though breathing pattern is the most important factor for
regulating pressure, and most of the differences in pressure
between the resistors tested in this study are minor, changes
in pressure can still be clinically relevant, particularly when
considering frail patients who cannot communicate effectively or who are sensitive to high pressures due to respiratory failure or muscular fatigue.16 A change in resistance
and pressure could result in such patients carrying out the
treatment in a manner that is suboptimal.
A limitation of the study is that it was not carried out
with subjects, as their air flow fluctuates as part of normal
respiration. However, the flow was standardized using an
external gas system, and this was important to be able to
accurately measure differences between resistors. Another
limitation is that the choice of the 4 PEP devices tested
was arbitrary. They were selected because they are available and are used in clinical practice in Sweden, where the
study was carried out. However, we chose to evaluate
resistors from systems with PEP devices that share a similar structure and design to be able to focus on the actual
differences between the resistors. It is important to further
test and compare other kinds of PEP devices and resistors
in clinical settings to better understand their differences.
Conclusions
Pressures generated by the different proprietary resistor
components of 4 commercial PEP devices were not comparable, even though the diameter of the resistors is reported to be the same. The pressures generated were significantly different, particularly when using small-diameter
resistors at a high flow. Therefore, the resistors may not be
interchangeable. This is important for clinicians, particularly when considering PEP for patients who do not tolerate higher pressures.
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