Analysis of Three Oscillating Positive
Expiratory Pressure Devices During Simulated

Breathing

Doug Pursley, MEd, RRT-ACCS, FAARC

Introduction

Previous studies reporting performance characteristics of
Oscillating Positive Expiratory Pressure (OPEP) devices have
gathered data using a constant flow source at various ranges
of flow."? Other than the standard measured parameters of
frequency and mean expiratory pressure, the parameter that
seems to get the most attention is pressure amplitude. However,
it is actually short bursts of increased expiratory air flow that
help move secretions up the airway.? Just as in a forced cough,
peak expiratory flow is a major factor in improving secretion
clearance with OPEP devices.

Therefore the primary purpose of this study is to analyze
maximum expiratory flow during OPEP therapy by comparing
flow-volume loops generated by the vPEP (D R Burton
Healthcare, Farmville, NC), the Aerobika (Monaghan Medical,
Plattsburg, NY), and the Acapella (DHD Healthcare, Wampsville,
NY) during simulated, spontaneous breathing. Frequency, mean
expiratory pressure, maximum inspiratory flow, mean pressure
amplitude, and mean flow amplitude were also measured. The
hypothesis for this evaluation is that the three devices will
produce similar values at five different volumes.

L to R: vPEP (D R Burton Healthcare), Acapella (DHD Healthcare), and
Aerobika (Monaghan Medical)
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Method

An Ingmar Medical ASL 5000, v.3.5 (Pittsburgh, PA) was used in
the data acquisition and analysis. The simulator was adjusted

to mimic a two second inspiration with a two second breath
hold for all measurements. Up to 5.8 seconds was allowed for
expiration. Actual expiratory time varied depending on the set
volume, the resistance setting, and the mechanical properties of
the device.

Data was collected at five different volumes centered around

an inspiratory volume of 1200 ml (400 ml, 800 ml, 1200 ml, 1600
ml, and 2000 ml). The rationale for choosing a median volume

of 1200 ml is founded in a longitudinal study of 5,992 COPD
patients where the mean inspiratory capacity was 2.03 liters.*

A previous study of forty-two healthy volunteers by this author
found that the average subject achieved approximately 65% of
their inspiratory capacity when asked to take a deeper breath
than normal during OPEP therapy.® Therefore, applying this
value and adjusting for disease process, it seems reasonable that
the average COPD patient should be able to achieve a volume of
approximately 1200 ml while performing OPEP therapy. Low and
high targets were arbitrarily set at 400 ml and 800 ml above and
below this value to reflect a larger patient population.

The devices were placed in the horizontal position at the inlet of
the simulator using 22 mm O.D. and I.D. adaptors. Measurements
were taken at lowest and highest resistance settings and no
measurement was taken until the volume reached a steady state
(=5 ml of target). After reaching the target volume, the simulator
was allowed to run an additional five minutes before recording
any data. Three separate measurements were taken at each
volume to get a mean value.

Frequency was measured and recorded as the total number

of oscillations seen on the flow-time scalar divided by the

total oscillatory time for a given breath. Maximum inspiratory
and maximum expiratory flows were measured and recorded
from a scrolled reading on the flow-volume loop while mean
expiratory pressure was recorded as a digital reading from
real time analysis on the ASL 5000. Peak-to-peak oscillatory
amplitudes were measured and recorded from a scrolled reading
at 256%, 50%, and 75% of expiratory volume on the flow-volume
or pressure-volume loop. The values were then averaged to get
a mean value. The difference between maximum expiratory
flow and maximum inspiratory flow was also calculated and
recorded. Statistical analysis was performed using SPSS
software (Chicago, IL).
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Results Chart 3. Maximum inspiratory flow at low and high resistance settings.

Maximum Expiratory Flow V| max (1/m)
Maximum expiratory flowrates increased progressively with
increases in volume in all three devices. Increasing the resistance
from low to high had a negative effect on expiratory flow. In
29 of 30 data points, maximum expiratory flow decreased as
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2 20 II Resistance had a significant effect on expiratory flow (P =

<.001), but not on inspiratory flow (P = .648). There was a
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HPEP 326 77.9 971 103.4 112.7 significant difference in expiratory flow between all three
B Aerobika 305 57.3 78.9 916 101.4 devices when compared to each other (all three P = <.001).
Acapella 25 49.9 65.3 737 73

There was a significant difference in inspiratory flows between
"VPEP MAerobika W Acapella the vPEP and Aerobika (P = < .001) and the Acapella and

Aerobika (P = <.001), however, there was no difference in
inspiratory flows between the vPEP and Acapella (P = .51).

Chart 2. Maximum expiratory flow at the highest resistance setting.

Flow vs Pressure Amplitude

Peak-to-peak flow oscillatory amplitude tended to increase
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Maximum Inspiratory Flow

Maximum inspiratory flows also increased progressively with
increases in volume on all three devices. As one would expect,
increasing the resistance had little to no effect on inspiratory
flow. Chart 3 shows the maximum inspiratory flow across five
inspiratory volumes for the three devices.

1600 ml 2000 ml
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Table 1. Summary of results and standard deviations averaged across five volumes for both high and low resistance.

_ ' VE - VI flow pressure frequenc expiratory
VE max (I/m) VI max (I/m) difference amplitude amplitude (P?ertz) Y MAP
(I/m) (I/m) (cmH20) (cmH20)
VPEP 75.1+283 426 +21.1 32.5+139 25.7+£10.8 7.8+2.1 183+1.9 47 +24
Aerobika 69.1 +26.5 46.2 £22.5 229+7.0 249+ 12.0 8.8 +3.1 11.6+2.2 41+25
Acapella 54.5+16.0 42.7 £20.1 11.8 £10.1 247 +7.9 78+22 15.0+ 3.7 7.0+3.8
Chart 5. Pressure amplitude and flow amplitude comparisons on the Chart 7. Average frequency in hertz for the three devices.
Aerobika
Average Frequency in Hertz
Aerobika - Pressure vs. Flow Amplitude
25
E 20
= 15 —_
< 10 /—‘—"’/
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= PEP 15.5 185 185 19 20
Aerobika 8.5 1 115 13 14
400 ml 800 ml 1200 ml 1600 ml 2000 ml Acapella 125 13.5 14.5 16.5 18

Chart 6. Pressure amplitude and flow amplitude comparisons on the
Acapella

Acapella - Pressure vs. Flow Amplitude

’ressure Amplitude (cmH20) Flow Amplitude (I/m)

400 ml 800 ml 1200 ml 1600 ml

Frequency

There was a direct relationship between frequency and
inspiratory volume. The higher the inspiratory volume, the higher
the frequency in hertz. Changing the resistance from low to high
had minimal impact on frequency for the vPEP and Aerobika but
was more significant on the Acapella. When switching from low
to high resistance across five inspiratory volumes, the frequency
increased an average of 1.4 hz on the vPEP, 1.2 hz on the
Aerobika, and 5.6 hz on the Acapella. Chart 7 shows frequency
comparisons for the three devices. The values reflect an average
of the high and low resistance settings.

54

| PEP s Aerobika Acapella

Expiratory Mean Airway Pressure

There was a direct relationship between expiratory mean airway
pressure and inspiratory volume. The higher the inspiratory
volume, the higher the expiratory mean airway pressure.

This held true on both low and high resistance settings on all
three devices. As one would expect, increasing the resistance
increased the expiratory mean airway pressure across all five
volumes on all three devices with the most profound effect seen
on the Acapella. When changing the resistance setting from

low to high, the expiratory mean airway pressure increased an
average of 1.7 cmH20 on the vPEP, 1.7 cmH20 on the Aerobika,
and 4.4 cmH20 on the Acapella. Chart 8 shows expiratory mean
airway pressure for the three devices. The values reflect an
average of the low and high resistance settings.

Chart 8. Expiratory mean airway pressure expressed as an average of low
and high resistance settings
Expiratory Mean Airway Pressure (cmH20)
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Acapella 33 4.8 6.8 8.8 114
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Discussion

Effect of Increasing Resistance
Although it is common practice to increase the resistance on an
OPEP device to allow the patient to exhale longer, practitioners
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should be aware of the fact that increasing resistance will
decrease the maximum expiratory flowrate (Poiseuille’s Law).
As stated earlier, maximum expiratory flow is a major factor in
determining mucous clearance.

Figures 1,2, and 3 show side-by-side flow volume loops at lowest
and highest resistance settings. Note the effect of increased
resistance on maximum expiratory flow in all three devices.

Figure 1. vPEP flow-volume loops at 1200 ml - low vs. high resistance

Low Resistance High Resistance

Figure 2. Aerobika flow-volume loops at 1200 ml - low vs. high resistance

Low Resistance

High Resistance

Figure 3. Acapella flow-volume loops at 1200 ml - low vs. high resistance

Low Resistance

High Resistance

Oscillatory Clearance Index

Another major factor in determining mucus clearance is the
ratio or difference between maximum expiratory flow and
maximum inspiratory flow. That is, in order to move mucus
cephalad, peak expiratory flow should be greater than peak
inspiratory flow creating an expiratory flow bias.®

The oscillatory clearance index (OCI) was developed to find
optimal airway and chest wall oscillation settings for mucus
transport.” However, it seems reasonable to apply the same
formula to OPEP therapy. The OCI states that the higher

the expiratory flow, the lower the inspiratory flow, higher
the frequency, and the greater the oscillatory I:E ratio, the
higher the OCL
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In other words, at a given frequency and oscillatory

L:E ratio, mucus clearance increases when maximum
expiratory flow exceeds maximum inspiratory flow. The
OCI will be zero if the oscillatory I:E ratio is 1:1 AND if
the inspiratory and expiratory flows are the same. The full
formula is written as:

OCszX(TI+TE)X(-VEmaX+\.IImax)_f

Considering the importance of the relationship of maximum
expiratory and inspiratory flowrate, the maximum expiratory —
maximum inspiratory difference was calculated at the low and
high resistance settings for the three devices (shown in Charts 9
and 10.)

Chart 9. Maximum expiratory — maximum inspiratory flowrate difference at
the lowest resistance setting.

V; max - V, max difference - Low Resistance

b

5 50

£

£ 40

T 30

Q

[ 20

I | I

-

* Alln -
400 ml 800 ml 1200 ml 1600 ml 2000 ml

B \PEP 18.3 49.6 53.3 46.3 39.9
¥ Aerobika 145 26.2 32.7 29.7 252
¥ Acapella 10.3 215 233 18.3 44

HVPEP MAerobika ™ Acapella

Chart 10. Maximum expiratory — maximum inspiratory flowrate difference
at the highest resistance setting.
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Inspiratory Time, Inspiratory Flow, and the OCI

In the study of 42 healthy volunteers mentioned earlier, the
mean inspiratory time during OPEP therapy (excluding the
breath hold) was 2.02 seconds = 0.49. In spite of all subjects
receiving the same instructions, the range was 1.13 — 3.52
seconds. Subjects in the lower range tended to have higher peak
inspiratory flows and possibly lower VE max/VI max ratios.
This could be seen in patients as well. Therefore, in order for
an OPEP device to produce the highest VE max/VI max ratio
possible, coaching the patient to perform a slow inspiration is
of paramount importance. It is the one aspect of OPEP therapy
that the practitioner can modify to result in a more therapeutic
treatment and a potentially higher OCL
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Flow vs Pressure Oscillatory Amplitude

One incidental finding of the study is the lack of a direct
relationship between pressure and flow when using a simulated
breathing model. In all three devices, there was a steady increase
in mean flow amplitude as the inspiratory volume was increased
in 400 ml increments from 400 ml to 1600 ml. On the other

hand, although mean pressure amplitude increased initially,

it decreased from at least one previous value across the same
range of volume in all three devices.

In contrast, when one evaluates an OPEP device using a constant
flow source, there is a direct relationship between pressure

and flow — but this is not how the device is used. Simulated
breathing produces a more realistic, decelerating flow pattern
during exhalation instead of the square wave flow that would

be produced from testing a device using continuous flow. The
fact that pressure amplitude is less predictable and non-linear

in a spontaneous breathing model can be explained by the
differences in flow waveforms.

Comparative Summary

When averaged across five volumes for both high and low
resistance, there were similarities in flow and pressure
amplitudes. However, there were differences between at least
two out of the three devices for maximum inspiratory flow,
maximum expiratory flow, VE — VI difference, frequency, and
expiratory mean airway pressure. The overall results followed by
standard deviations are summarized in Table 1.

Conclusion

The three OPEP devices tested each employ a unique operating
principle to create positive pressure oscillations. The different
mechanisms, including the manner in which resistance is
created, cause different outputs in terms of flow, pressure, and
frequency.

The importance of expiratory flow cannot be overstated. As
detailed earlier, the higher the maximum expiratory flow in
relation to the maximum inspiratory flow, the greater the
expiratory flow bias and presumably the greater the secretion
clearance.

Oscillatory positive expiratory pressure devices are indicated
to help patients mobilize secretions and promote the movement
of mucus cephalad. In order to achieve this goal and assuming
a steady exhalation, the oscillatory clearance index will be
maximized when the practitioner adjusts the resistance on

the lowest setting and instructs the patient to take the slowest
inspiration possible.
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