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Summary

High-frequency airway clearance assist devices generate either pesifive or negative transrespiratory
pressure excursions to produce high-frequency, smakli-volume oscillations in the airways. Intrapulmo-
navy percussive ventilation creates a positive fransrespivatory pressure by injecting short, rapid in-
spiratory flow pulses into the airway opening and relies on chest wall elastic recoil for passive exhalation.
High-frequency chest wall compression generates a negative transrespiratory pressure by compressing
the chest externally {o cause short, rapid expiratory flow pulses, and refies on chest wall ¢lastic recoil (o
return the lungs to functional residual capacity. High-frequency chest watl osciilation uses a cliest
cuirass to generate biphasic changes in transrespiratory pressure, In any case (positive or negative
pressere pulses or both), the general idea is get air behind secretions and move them toward the larger
airways, where they can be coughed up and expectorated. These technigues have become ubiquitous
etough to constitute a standard of care. Yet, despite over 20 years of research, clinical evidence of
efficacy for them is still lacking. Indeed, there is insufficient evidence to support the use of any single
airway clearance technique, let alone judge any ene of them saperior. Aside from patient preference and
capability, cost-effectiveness studies based on existing clinical data are necessary to determine when a
given technique is most practical. Key words: high frequency, airwey clearance, secretion removal, intrapul-
monary percussive ventilation, high-frequency chest wall compression, high-frequency chest wall oscilfation.
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HiGH-FREQUENCY ASSISTED AIRWAY CLEARANCE

Introduction

High-frequency airway clearance techmques fall into 2
broad categories: unassisted and assisted. The definition of
“assist” in this context is that the respiratory device (eg,
ventilaror) does work on the respiratory system, as indi-
cated by an increase i transrespiralory pressure, assoc-
ated with flow in the inspiratory direction, or a decrease in
transrespiratory pressure, associated with flow in the ex-
piratory direction.! Unassisted methods that use devices
such as the Flutter {Axcan Pharma, Mont-Saint-Hilaire,
Quebec, Canada?), the Acapella (Smiths Medical, London,
United Kingdom?), the Quake (Thayer Medical, Tucsos,
Arizonat), or the Lung Flute (Medical Acoustics, Buffalo,
New York™) rely on the energy {rom passive exhalation to
generate chest wall oscillations, Active devices, such as
intrapuimonary percussive devices (eg, IPV-1S Universal
Percussionator, Percussionaire, Sandpoint, Idaho®; Percos-
siveNeb, Vortran Medical Technology, Sacramento, Cal-
ifornia?; and IMP2, Breas Medicai, Molntycke, Sweden?®),
the various vest devices (the Vest Airway Clearance Sys-
tem, Hill-Rom, St Paul, Minnesota®; SmartVest, Elec-
tromed, New Prague, Minnesota'?; and inCourage, Re-
spirTech, St Paul, Minnesota''), and the Hayek oscillator
{Breasy Medical Equipment, London, Uaited Kingdom]),
create either a positive or negative transrespiratory pres-
sure change (defined as a change in the pressure difference
between pressure at the airway opening and the pressure
on the body surface!-12) (o generate high-frequency, small-
volume oscillations in the airways.

latrapulmonary percussive ventilation (BPV) creates posi-
{ive changes in transrespiratory difference by injecting short,
rapid inspiratory flow pulses into the airway opening and
relies on chest wall elastic recoi! for passive exhalation. High-
frequency chest wall compression (HFCWC) generates neg-
ative changes in transrespiratory pressure difference by com-
pressing the chest externally (ie, body surface pressure goes
positive relative to the pressure at the airway opening, which
remains at atmospheric pressure) to cause short, rapid expi-
ratory flow pulses, and relies on chest wall elastic recoll to
return the lungs to functional residual capacity. High-fre-
quency chest wall ascillation (HFCWO) uses a chest cuirass
1o generate biphasic changes in transrespiratory pressure dif-
ference. In any case (positive or negative pressure pulses or
both), the general idea is o augment mucus movement Lo-
ward the airway opening by a variety of mechanisms (to be
explained below).

Note that there is no standardization of terminology in the
literature, and the terms high-frequency chest wall oscillation,
high-frequency chest wall compression, and high-frequency
chest compression are often used interchangeably, The dis-
linctions 1 have made in this paper are logical in that they are
based on engineering principles and useful in that they dis-
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Fig. 1. Percussionaire Gold Edition IPV-15 Universal Percussiona-
tor. {Courtesy of Percussionaire, Sandpaeint, Idahao).

anguish among systems that differ in their availability and
their implications for patient/caregiver education.

The goal of this paper is to describe the advantages and
disadvantages ol each of these approaches to assisted airway
clearance and (o review the evidence supporting their use. At
present, the American Association for Respiratory Care clin-
ical practice guidelines do not include these techniques.

Fig. 2. Vortran PercussiveNeb. {Courtesy of Vortran Medical Tech-

nology, Sacramento, California.)
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Fig. 3. Flow, airway pressure, and esophageal pressure waveforms while breathing with an infrapulmonary percussive ventilator. {From

Reference 14)

Description of Technology
Intrapuimonary Percussive Ventilation

1PV was first described in 1985 as a new technique and
device, invented by I Forrest Bird, for delivering aero-
solized bronchodilators to patients with chronic obstruc-
tive pulmonary disease {COPD).'? 1PV was depicted as
delivering “high flow mini-bussts of air along with bron-
chodilator to the lungs at a rate of 300--400 times per
minute.” The current version of Percussionaire’s Percus-
sionator (Fig. 1) operates at 1.7 Hz to 5 Hz and generates
esophageal pressure and airflow oscillations as shown in
Figure 2. Treatments last about 15-20 min. This device 1s
designed to be used in conjunction with coaveniional me-
chanical ventilation, if desired, or as a stand-alone treat-
ment device. It can be used with a mouthpiece or mask,
and il can also deliver aerosolized medication. A device
very similar to the Percussionator, the Breas IMP2, oper-
ates at about | Hz to over ¢ Hz, and can also deliver
aerosol. A disposable, single-patient-use IPV device (the
PercussiveNeb [also known as P-Neb, and formerly mar-
keted as the PercussiveTech HF)) is available from Vor-
tran Medical (see Fig. 2). The PercussiveNel operates at
frequencies of 11-30 Hz, and can also deliver an aerosol.
[t cannot be used with a ventitator. All 3 devices produce
roughly comparable pressure waveforms (Fig. 3} at a
duty cycle of about 25-40% and amplitudes of about 10—
30 H,O (the IMP2 generales the lowest amplitude and the
Percussionator generates the highest).”#13 The exact value
of pressure amplitude for either device is dependent on its
puisatile flow amplitude and the impedance of the respi-
ratory system. These devices produce higher pressure am-
plitudes than unassisted high-frequency airway clearance
devices (eg, Flutter and Acapella).’® All 3 devices are
designed to deliver flow oscillations on top of a normal
sponianeous breathing pattern.

Fig. 4, The Vest Airway Clearance System. (Courtesy of Hill-Rom,
St Paui, Minnesota.)

High-Frequency Chest Wall Compression

HEFCWC is accomplished by encasing the chest in an
inflatable vest. A high-oulput compressor rapidly inflates
and deflates the vest. On nflation, pressure is exeried on
the body surface (in the range of about 520 cm H,0),
which forces the chest wall 1o compress and generates a
short burst of expiratory flow. Pressure pulses are super-
imposed on a small (about 12 cm H,O) positive pressure
baseline. On deflation, the chest wall recoils to its resting
position, which causes flow in the inspiratory direction.
The Vest Airway Clearance System (Fig. 4) operates at
2-25 Hz and generates esophageal pressure and airflow
oscillations, as shown i Figure 5. The Vest manufactur-
er’s literature states that HFCWC can generate volume
changes from 17-57 mL and ftows up to 1.6 Lis, which
constitute “mini coughs™ to mobilize secretions. A typical
treatment may last 20-30 min, and consists of short time
periods at different compression frequencies, separated by
huff coughs.
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Fig. 5. Flow, airway pressure, and esophageal pressure waveforms while breathing with the Vest Alrway Clearance System. (From

Reference 14)

According to Milla et al, HFCWC with the Vest was
originally delivered with a square pressure waveform,
which was reptaced with a sine waveform, but without
published evidence of equality of effectiveness.!? Milla
et al suggest thal there are important differences between
square, sine, and triangular waveforms in terms ol patient
volumes and flows, and that it may be best to “tune” each
patient/vest combination for optimal secretion clearance.'®

HECWC causes a decrease in end-expiratory lung vol-
eme, but the consequences of that decrease are debat-
able.®®

High-Frequency Chest Wall Oscillation

HFCWO is achieved with a rigid chest cuirass con-
aected to & compressor that can deliver both positive and
negative pressures (o the chest wall. This arrangement
allows the most contral over inspiratory and expiratory
flow ratios, which, in theory {discussed below), may help
to optimize mucns clearance. The Haycek oscillator (Fig. 6)2¢
operates at frequencies from about | Hz to 17 Hz and
generates pressure and flow waveforms as shown in Fig-
ure 7. This device offers control of inspiratory-expiratory
ratio {1:6 to 6:1) and mnspiratory pressure (—70 cm H,O to
70 cm H,0). One of the presel modes is called “secretion
mode,”?" which delivers a period of high-frequency/low-
amplitude chest wall oscillation (T'1) followed by a period
of high-span oscillation at low frequency (T2} T1 lasts for
3 min with an inspiratory-gxpiratory ratio of 1:1, at 10 Hz,
and with an inspiratory pressure of —12 cm H,0 and an
expiratory pressure of 6 cm H,O. T2 lasts for 3 minules,
has an inspiratory-expiratory ratio of 5:1, a frequency of
1 Hz, an inspiratory pressure of —24 em H,0, and an
expiratory pressure of 12 em H,0.
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Fig. 6. The Hayek oscillator system. (From Reference 20, with
permission.)

Mechanisms of Action

Numerous mechanisms have been proposed to explain
the mucus transporl effects of assisted airway clearance
techniques.?? Perhaps the most intuitively obvious expla-
nation i that mucus secretion is enhanced by air-liguid
shear forces when expiratory flow is higher than inspira-
tory flow, just as with a normal cough. High-frequency
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Fig. 7. Flow, airway pressure, and esophageal pressure waveforms white breathing with the Hayek oscitlater. (From Reference 14)

devices simply stack many “mini coughs” into ane spon-
taneous exhajation. Dala from in vitco®* and m vivo®
experiments supports Lthis hypothesis, King et al*® found
that at 13 Hz, HFCWC enhanced tracheal mucus clearance
rate over twice normal (in dogs) but high-frequency oscit-
lation at the airway opening did not enhance the clearance
rate. Nevertheless, clearance rate was greater when airway
osciliation produced higher expiratory than inspiratory
flows.

Based on theoretical considerations from previous stud-
ies, Scherer et al®® developed a mathematical model to
identify optimal seitings for mucus ransport:

. T! VI‘.'—um.\
OCH=fx R f
where OCT = oscillatory clearance index, f = oscillatory
frequency (Hz}, 1), = duration of outward inspiratory air-
way wall displacement, Tg = duration of inward expira-
tory airway wall displacement, V- ., = maximum expi-
ratory flow, and V, . = maximum ingpiratory flow.
Frequency, T, and T are directly controliable by the
operator on assisted airway clearance devices (except with
the PercussiveNeh), whereas the maximum flows are in-
directly controlled by the pressure settings. This model
predicts that the higher the expiratory flow, the lower the
inspiratory flow: the faster the inward displacement of the
airway wall during expiration and the slower the outward
displacement during inspiration, the higher the mndex and
the faster the rate of mucus transport. With equal inspira-
tory and expiratery flows and wall dispiacements. OCI
bhecomes zero. Despite its theoretical appeal, this model
remains untested. Note, however, that pulsatile expiratory
flow exceeds pulsatile mspiratory flow in all forms of
high-frequency assisied airway clearance while the patient
is exhaling (see IMigs. 3. 5, and 7). This would suggest that
the patient should be instructed o prolong exhalation as
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Fig. 8. Mechanism whereby an intrapulmonary percussive device
creates small flow pulses and expands secretion-cbstructed air-
ways (A). Pressure accumulates behind the blocked areas and
moves mucus toward the larger airways (B) to be coughed out.
{Adapted from Vortran PercussiveMNeb user's guide.}

long as possible to maximize the mucus clearance effect of
different fows (a testable hypothesis for future studies).
Radial displacement of the airway wall may itself help
disengage secretions and enhance the effect of air-liquid
interaction on mucus movement,?” This is a concept often
mentioned by Forrest Bird in his explanations of [PV, and
which s nicely iJlustrated in the PercussiveNeb user’s guide
(Fig. 8). The radial displacement idea may be supported by
the study by Raver et al,®® who found that clearance of
technetium-labeled microspheres was more effective alter
[PV ireatment than was a control period in 7 of 10 patients
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with chrenic bronchitis. However. they concluded that over-
all, IPV had httle effect on nwceus transport and that im-
provement was due (o the stimulation of a cough reflex.

High-frequency oscillations may have a mucolytc el-
fect on bronchial secretions. King et al® found a frequen-
cy-dependent reduction i viscosity with oscillations from
3 Hz to 16 Hz. However, olther researchers™ found an
nerease in viscosity with oscillations from | Hz o 8§ Hz
Tomkiewicz et ald! observed that viscosity decreased after
30 min of oscitlation at a [requency of 22 Hz. Dasgupta
el al® found that combining HFCWC with recombinant
human deoxyribonoclease (also kaown ag rhDNase or dor-
nase aifa} may provide greater benefils than treatment with
one modality at a time.

There is unsupported speculation? that ciliary beating
may be enhanced during HFCWC. Vibration of the chest
wall might stimulate the vagus nerve through reflex path-
ways 1n the airway walls or w the chest wall. Mechanical
resonance (possibly in the range of [1--15 Hz) may in-
crease the strength of the ciliary beat.

Evidence Supporting High-Frequency
Assisted Airway Clearance

Intrapulmonary Percussive Ventilation

There have been a number of randomized controiled
trials of [PV for airway clearance. In 1994, Natale et al®?
conducted a randomized crossover trial in 2 community-
based cystic fibrosis (CF) referral center. Nine out-pa-
tients (age range 7--40 years, with moderate to excelient
Shwachman scores) received albuterol via either [PV (Per-
cussionator) or small-volume nebulizer (SVN} foliowed
by conventional chest physical therapy {CPT) {chest per-
cussion and postural drainage). There were no differences
between the treatment groups in pulmonary function val-
ues nor volame or quality of sputum expectorated. Natale
et al concluded that IPV was as effective as conventional
CPT.??

In another randomized crossover traif, Toussaint et al™
compared a mucus clearance sequence that included forced
expiratory technique and manual assisted cough, nebulized
normal saline, and endotracheal suctioning to the same
sequence plus IPV (Percussionator) in patients with mus-
cular dystrophy. The weight of collected secretions was
significantly higher with the treatment sequence that in-
cluded IPV.

In 20035, Reardon et al*® used a randomized controlled
trial fo compare the Percussionator to incentive spirometry
in adolescents with neuromuscuelar disease. They found
that antibiotic use was significantly less with 1PV than
with incentive spirometry. Furthermore, the 1PV group
had fewer days hospitalized and had zero episcdes of preu-
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monia or bacterial bronchitis, compared to 3 events in the
incentive spiromelry group.

Also using the Percussionator, Vargas et al? showed
that adding [PV 1o conventional CPT was associated with
a significantly shorter hospital stay n patients with exac-
erbations of COPD. Exacerbation worsened n 6 of 17
patients in the CPT-only group, compared (o 0 of 16 in the
CPT plus IPV group.

More recently, 2 randomized controlled trials direcily
compared 1PV (o CPT alone. In racheostomized pa-
lients weaning from mechanical ventilation, Clini et al??
found 2 better ratio of P, g to fraction of inspired oxy-
gen (P /F; ). a higher peak expiratory pressure, and a
lower incidence of pneumonia in the IPV group.

Antonagha et al*® also found a higher P, /Py, with
IPV in patients treated for COPD exacerbation. More im-
portantly, they found significantly shorter duration of non-
invasive ventitation and iniensive care unit stay in the [PV
group.

Varekojis et al®® compared 1PV (Percussionatory and
HECWC with CPT in 24 hospitalized patients with CF.
Wet sputurn weight was higher with 1PV than HFCWC,
but neither was different from CPT. These authors con-
cluded that PV and HFCWC are equivalent to CPT and
might reasonably be substituted for CPT during CF exac-
erbaticns.

In a randomized controlled erial in 2002, my group com-
pared [PV (Percussionator) to CPT for treatment of atel-
ectasis.® The study participants were 14 pediatric patients
{age range 7 weeks to 14 yearsy who required mechanical
venilation. Based on a radiographic scoring sysiem, the
CPT group showed no change in atelectasis, compared to
a significant improvement in the 1PV grovp. The duration
of teatment to the resolution of atelectasis was signifi-
canily less in the IPV group. There was no dilference in
static compliance, In 2006, Tsuruta et al® used IPV su-
perimposed on conventional mechanical ventilation (o treat
obese patients who had acute respiratory failure due 10
compression alelectasis. As in other studies, [PV signifi-
canily increased P, /T, and compliance. Improvement
in atelectasis was confirmed via compuied tomography.

As good as the Percussionator seems to be for airway
clearance and treatment of atelectasis, its performance as
an aerosol delivery device is questionable. Reychler et al*?
found that the amount of drug (amikacin) delivered Lo the
lung with IPV was only 14% of the amount delivered with
a standard SVN. The total amount of drug excreted In the
urine was significantly lower with IPV than with the SVN.
The [PV device fared slightly better in ancther study by
the same group,™ 1n which the mass median acrodynannc
diameter of aerosol particles produced with the Percus-
stonator was much smaller than that from a standard SVN
(0.2 pm vs 1.9 pm), and the IPV had a smaller fine-
particle fraction (16.2% vs 67.5%). (These results may be
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Indications, Relative Contraindications. and Absoiute Contraindications for High-Frequency Assisted Adrway Clearance Devices

Device

Percugsionaire IPV-15
Universal
Percussionator (The
user guide protecol’s
format s very
simnilar to the AARC
CPQGs

Vaortran PercussiveNEB

Breas IMP2

Hill-Rom Vest Alrway
Clearance System

Indications

Mobilizing pulmonary airways
[s1¢], congested by secretion
retention, mvcosal and
stbmucosal edema and
brorchiotar spasm

Creating a bilateral onifomm
alveolar ventilation for
enhancing oxygen uplake and
carbon dioxide elimination

Mechantcally mixing
intrapuimonary gases through
“diffuse intrapulmonary
percussion’” w0 enhance
endobranchial diffusion of
oxygen and the mobilizution of
peripheral CG,

Providing a major periodic
“convective tdal flow” o wash
out CO,

Potentially providing a mechanical
“vesteular pertstalsis” w
augment “physiological vesicular
peristalsis™ within the pulmonary
and bronchial circulations, as
well as to provide lor an
augmenting “intrathoracie lymph
pump.”

Muobilization of retained
endobronchial secretions

Resolution of diffuse patchy
atelectasis

Acule pulmonary edema

Cystic {ibrosis

Puhmonary recruitment

Improvement of venulation

Optimizing gas exchange

Prevenuon of pulmonary infections

Aerosol therapy

Documented need for airway
clearance as defined by the
AARC CPGs®

- Evidence of difficulty with
secretion clearance

- Pregence of atelectasis cuused by
or suspecied of being caused by
mucus plugging

- Diagnosis of disease such as
cystic fibrosig, bronchiestasis, or
cavilating lung disease

Need for sputum sampte for
diagnostic evaluation

Tontranhentions

Absolute Contraindications

None stated in user guide

History of pneumothorax

Recent Jobectomy/pnesmaoneciomy
Cardiovascular msufficiency
Acute abdominal distentios

Poor patient cooperation
Pafmonary air leak

None stated 1 user guide

Intracranial pressure > 20 mm Hg or
patients in whom increased
intracranial pressure should be
avonded

Uncontrolied hypertension

Hemodynamic instability

Pulmonary edema associated with
congestive hearl failure

Bronchopleural fistula

Subcutaneous emphiysema

Reecent esophageal surgery

Active or recent hemaoptysis

Pulmonary embolism

Uncontrotled airway at risk for
aspiration

Distended abdomen

RBronchospasm

Suspected pulmonary twberculosis

Transvenous pacemaker or
subcutancous pacemaker

Nome stated in user guide

Tension pnesmothorax

Actual or polential puimonary
hemorrhage

Mechanical ventilalion

Nane stated in user guide

Head and/or neck injury thal has not
yet been stabilized

Aclive hemorrhage with
hemodynamic instabIlity

{Contimed)

RESPiRATORY CARE ® SEpTEMBER 2007 VoL 52 No O



HicH-FrEQUENCY ASSISTED ARwAY CLEARANCE

Table 1. {Continued?

Device Indicutiony

Absolote

Relative Contraindications - A
Contratndiciations

Hill-Rom Vest Airway
Clearance Sysrem
tContinued)

AARC CPGs = Amuerican Assocantion e Respiratory Care Chnesd Practice Guidefines

These wre direcUy Frone the devices” user puides

Recent spinal surgery ov acute spinal iajury

Rib [ractures

Surgical wownd or heallng tssue, recent skin grafls
or fluaps oo the

Buris, open wounds, and sKin infections on tie
thorax

Lung contusion

Osteomychitis of ihe ribs

Osteaporosts

Coagulopathy

Complaint of chest wall pain

due to the design of the Percussionator, which uses en-
trained air to augment the flow from the SVN and hence
may reduce particle size via evaporative loss.} Whole-
body deposition of technetium-99m diethylenetriamine-
penta-acetic acid in healthy subjects was significantly
higher with [PV, but that was due o a higher extrapulino-
nary deposition. Intrapulinonary deposition was not dif-
ferent between the 2 devices, but it was much more vari-
able with 1PV than SVN. Reychier et al* concluded that
intrapulmonary deposition with the Percussionator was (00
unpredictable o recommend its use for drug delivery o
the Tung.

There have been no long-term studies of the Percus-
siveNeb., Marks ¢t al reported use of the Percussive-
Tech HF in patients with CF and concluded that it was safe
and probably as effective as CPT.** That same group com-
pared daily use of the PercussiveTech HF with the Flutter
{for CF) and found no differences in pulmenary function,
days of hospital stay, or home intravenous antibiotic use.*

High-Frequency Chest Wall Compression

The device that would become the Vest Airway Clear-
ance System was {irst described in 1983, when King et al2
observed that the tracheal mucus transpert rate in dogs
could be increased as much as 340% at an HFCWC fre-

quency of 13 Hz. Those resuits stmulated a number of

supporting studies. Eight years later, Warwick and Hansen
first reported the use of HFCWC in patients with CJ7 40
Those authors “tuned” the therapy by evaluating the rela-
tionship between frequency. volume, and flow, and arbi-
irarily selected the frequencies that provided the 3 highest
flows and the 3 largest volumes. Each of those 6 frequen-

cies was prescribed {or 5 min, for a total rearment time of

30 min. These treatments resuited in positve effects on

RESPIRATORY CARE © SEPTEMBER 2007 VoL 52 No 9

forced vital capacity and forced expiratory volume in the
first second (FEV ).

Overall, studies of the effects of HFCWC on sputum
clearance or pulimonary l[unction have been inconclusive,
Some shori-term crossover studies show improved out-
comes (expectorated sputum weight),*”#¥ and some showed
no benefit {sputum weight, pulmonary [unction, satura-
tion). -3 Some authors believe that the prepoenderance of
current opinion suggests that HFCWC increases mucoly-
sis. mucus transport, and pulmonary function in patients
with CF. while improving their quality of iife.'® A more
conservaiive opinion 1 expressed in the current American
College of Chest Physicians clinical practice guidelines:

In patients with CF, devices designed to oscillate
gas in the airway, either directly or by compressing
the chest wall, can be considered as an alternative to
chest physical therapy. Level of evidence: low. Ben-
efit: conflicting. Grade of recommendation: [.5

On the other hand, an argument can be made on the
basis of non-airway-clearance considerations, Ghnsorgs?
reported in an abstract that he found a 459% reduction in
the total direct expenditures for 23 CF patients after initi-
ating Vest therapy. Whitman reported that 80% of respi-
ratory therapists who used the Vest believed it saves time.5!
One might also argue that patients prefer Vest therapy
over manual CPT > although the opposite can also be
argued.™ As for use in non-CF patients, a randomized
controlled trial in patients with amyotrophic lateral scle-
rosis showed a decrease in symptoms of breathlessness,
decreased fatigue, and a trend toward slowing the decling
of forced vitad capacity. s
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Fig. 9. Airway clearance algorithm. HFOWG = high-frequency chest wall compression. PEP = positive expiratory pressure therapy.
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High-Frequency Chest Wall Oscillation

The Hayek oscillator got its start i an anumal faboratory
in the late 198057579 Tarly human studies showed that the
device could sustain gus exchange in normals and in pa-
tients with COPD and with acute respiratory failure.®0 Ap-
parently only one study has been published regarding air-
way clearance with the Hayek oscillator. This study of
children with CF during infective exacerbation found that
HFCWO was not elfective Tor clearing bronchial secre-
uons.?! The authors noted that the device is expensive and
more children preferred active cycle of breathing tech-
nigues.

Indications and Contraindications for
High-Frequency Assisted Airway Clearance

Table I shows the manufacturers’ stated indications and
confraindications.

Given the supporting data in the literature, it would
seem that the Hill-Rom recommendations are the most
clear and reasonable. 1 recommend that a committee spon-
sored by the American Association for Respiratory Care
be convened to turn the information in the present paper
info an official expert panel guideline. I would further
recommend that the current postural drainage therapy
guideline® (which covers only postural drainage, percus-
sion, and vibration) be replaced with a comprehensive
guideline that puts into context the relative merits of both
assisted and unassisted airway clearance technigues. An
aigerithm for this purpoese is iHustrated in Figure 9.

Summary

In 2001, Dear Hess made this statement in his fandmark
review of airway clearance procedures: “I conclude that
there is insufficient evidence to support the use of any
secretion clearance technique. . . . At best, the literature on
this topic is disappointing.”®? {emphasis mine)

These opinions are echoed in the previously mentioned
American College of Chest Physicians guidelines® and a
recent Cochrane review that stated:

This review demonsirated no advantage of conven-
tonal chest phystcal therapy techioiques over other
airway clearance technigues in terms of respiratory
function. There was a trend for participants to pre-
fer self~administered airway clearance technigues.
Limitations ol this review included a paucity of
well-designed. adequately-powered. long-term -
alg &3

To be fair, there have been | HFCWC and 8 [PV studies
that showed benefit (bul perhaps notstrong evidence) since

Respiratory Cark e SEPTEMBER 2007 Vor. 52 No ¢

Hess™s review. Furthermore, the Cochrane review included
only 3 high-frequency studics, and the primary outcome
varlable was pulmonary function status, not mucus clear-
ance. One study it the review involved neither HFCWC
nor HFCWO as described here, bul treatmen{ with a me-
chanical percussor. And another was just an abstract thal
compared CPT with “acoustic percussion.” Thus, some of
the data for HFCWC and much of that for 1PV would
argue for a more tolerant opinion. My own opinions about
evidence-based indications {or assisted airway clearance
are that: '

= IPV is probably better than CPT for atelectasis or
secretion clearance.

« HECWC s probably better than CPT for secretion
clearance,

* HIFCWO is probably effective, but not very practical
for airway clearance, and it might be beneficial for
noninvasive ventiation.

Nevertheless, when convincing experimental data are
tacking or ambiguous, we are forced to rely on theory {first
principles) and practical considerations. Given the time
and resources already expended for so little result, it seems
unlikely that acceptable clinical evidence for assisted (or
unassisted) airway clearance technigues will be produced
in the future. What we can and should expect, though, is a
cost-effectiveness study. Many such examples {mostly for
new drug therapy) can be found in the lierature.®6% It
would seem that there is no other way to distinguish among
airway clearance tlechniques bevond patient preference.
Use of self-administered airway clearance techniques may
give patients a greater sense of independence. They offer
advantages to those who lack the neuromuscular function
to perform unassisted airway clearance techniques.®

Beyond that, we need to select the technique that costs
the feast in terms of money, but especially in terms of
time. There is a national shortage of respiratory therapists,
which is probably going to get worse. The American As-
sociation for Respiratory Care 2005 Human Resources Sur-
vey®’ noted an increase of almost 3% in respiratory ther-
apist vacancies between 2000 and 2005. According to the
Ohio Hospital Association, both the turnover and vacancy
rates for respiratory therapy were higher than those for
nursing, radiology technology, and medical technology
from 2004 through 2006. Turnover for respiratory thera-
pists in Ohie for 2006 was estimated ar 16.4%, and va-
cancy at 9.4%.%% The message is clear: we cannot wail or
convincing evidence for all that we do, not just airway
clearance. We must make use of economic and bench-
marking studies (o find ways o eliminate wasteful prac-
tices, and perhaps even o survive as a profession.
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Bramson: ['m looking at all the pe-
diatric guys across from me. Bvery
time somebody says something, P'm
sitting here thinking, “No, it doesn’1.”
Because my frame of reference is the
trauma surgical 1CU in patients with
postoperative alelectasis, or on the
ventilator. [ think whenever you start
to say soemething vou ought Lo say,
“for cystic [brosis,” or for whatever
disease you're talking about, because
[thinkit'H help in the discussion: when

the readers read it, they will know
which patient population we're talk-
ing about.

Twocomments. One, the way the IPV
{intrapulmonary percussive ventilation]
device works is by the Venturi princi-
ple. So, you have dry, anhydrous gas
going in one side, entraining the acro-
sel. And ol course, it’s no surprise that
the aerosol delivery is really poor in that
case, because ['m sure it all ends up in
the Venturi. So [ think that makes per-
fect sense, what you showed.
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And the other thing 1s that, at least
in critically 1l surgery patients, and
post-op pauenls, we keep comparing
all these new things to something that
doesn’t work, which is percussion with
postural draimnage. Maybe we ought (o
go back and start with, as you're sug-
gesting, treatment just being normal
alrway suctioning, deep breathing, and
coughing, as opposed {0 using percus-
sion with postural drainage in that pop-
ulation of patients. I'm not suggesting
that for CF.
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Chatburn:  Right. As lwas the in-
dications for atelectusis go. [ men-
tioned 2 studies One was from our
aroup with mechamcally ventitaled
children. The other study involved
obese patients.' Beyond that, [ am
not aware of any strong data.

1. Deaking K, Chatburn RL. A comparison of
intrapulmonary percussive ventilation and
conventional chest physiotherapy tor the
treatment of atelectasis in the pediaiic pa-
dent. Respir Care 2002:47(101: 11621167,

L Tsuruta R, Kasaoka 5, Okabayashi K.
Maekawa T. Efficacy and salety of intrapul-
monary percussive ventilation superimpaosed

[

on conventional veniilation in obese patients
with compression atelectasis. 1 Crit Care
2006:21(4):328-332.

Hess:  First a comment, then a ques-
tion. I think we need to remember that
lack of evidence does not necessaniy
mean lack of benefit. Which 15 the
poing that T was trying to malke in that
paper that you referred to.' From what
I heard today, the evidence base 15 still
not that great. That does not mean that
some of these therapies are not benefi-
cial, but T thinlk we stili lack good high-
level studies for many of them.

With some of these devices, the
manufacturers tout the abihity to de-
tHiver acrosols, as you pointed out. And
the question | have for you and maybe
for the group is whether there {5 any
evidence to support aerosolization of
normal saline to enhance airway clear-
ance? 1s there evidence to support that?
1. Hess DR. The evidence for secretion clear-

ance techniques. Respir Care 200046011y
1276-1293.
. Hess DR, Secretion clearance techmiques: ab-

1.}

sence of proof or proof of absence? Respir
Care 2002:47(7:757-738.

Rubin: Dean, [ assume that’s strictly
a rhetoncal question, that you've looked
it up, and you know the answer.

Hess:  Well, [ know what niy bias 15,

Chatburn: | did not run into that.
That wasn’t the focos of my research.
But T would just throw itout to the group.

Maclntyre:  Rob.can [ paraphrase a
guestion | asked o little while ago?

These studics that use sputwm volume
as the end-point always make me a
Little nervous. 1s ihere evidence that
vibrating this cilin-mucus layer might
actually stimudate further mocus pro-
duction, and the reason you gel more
mucus 1s because you've nritated the
airways and nade more mucus? s
there evidence that suggests that might
happen?

Chatburn: | did not see that kind of
evidence when | looked at this literature.

Rubin:  Although Duncan Rogers
earlier presented the studies where
they took airway secretory cells and
collagen matrix, and by changing the
shape by mechanical forces, were able
to induce secretion. So, anything that
gets these things jazzed up would prob-
ably induce secretion, although to my
knowledge, that's hard to show in vivo.

MacEntyre: But again, il's a reason
why | would argue that you really need
outcome studies to show that these
things make benefit. Because these in-
termediate end-poinis can foed you and
may be misleading.

Rubin: [ would agree fully. That was
an absolutely brilliant talk, and actually
iU's been a great day, but the more we
do this, the more we see that not only
isn’t there an evidence base to know if
there's effectiveness or not, many of
these interventions may be inelfective.

A tremendous amount of our time
as therapists is spentdoing this. You're
chest pounders and neb jocks. And
that’s unfortunately all too true, and if
there’s & way to improve the therapy
that we deliver as therapisis, a way to
provide the education we need Lo do,
15 really, first and foremost, {o elim-
inate all of the stuff thal you're doing
that you don’t need to do. Another
call for action, il you please.

Homnick: Rob, the single biggest
problem 1 see with the aivway oscil-
latory devices is their design. First,
the PercugsiveNeb--the [orerunner to
that was the PercussiveTech. formerly

marketed ag the PercussiveTech HIF s
avaiiable from Vortran Medical,

Chatburn:  Right. That's what's
mentioned in the Titerature. right?

Yes, and 1t does osciflate
throughout both inspiration and cxpi-
ration. Marks showed that 1 a study
he did with flow tracings.” But the
one thing that neither device does. the
1PV or the PercussiveNeb, Percussive-
Tech, is to provide that expiratory flow
bias. And | think that’s the critical issue.

Freitag showed years ago in ancs-
thetized sheep that with a piston pump
he was able to produce an expiralory
flow bias that showed pretty signifi-
cant cephalad flow of secretions,? and
I don’t think we have that with either
of these devices. Now, could you de-
sign one like that that would run it al
high enough frequency to be useful with-
out breath stacking, 1 don’t know that.
But T just don’t think we have a good
design [or oscillatory airway devices yet.

Hommick:

. Marks JF, Hare KL, Saunders RA, Homnick
DN. Pulmonary function and sputum pro-
duction in patients with cystic fibrosis: a pi-
lot sludy comparing the Percussivelech HF
device and standard chest physiotherapy.
Chest 200412504y 1507-1511.

. Freitag L. Long WM, Kim CS, Wanner A
Removal of excessive bronchial secretions
by asymmetric high-frequency oscillations.
J Appl Physiol 1989;67(21:614-619.

o)

Chatburn: 'd have to agree with
that. Qutside of the Hayek Oscillator,
[ don’t know how you can gel much
better design than that. But as far as
what you said about the expiratory
flow bias, what you meant there, 1
think, was that you need (o have a
peak flow in the expiratory direction
that’s higher than the peak flow in the
inspiratory direction. And [ think that
1 tried t¢ show in that one graphic we
had 3-waveforms stacked up; you do
get that effect for alf of these devices.

In other words, during the expira-
tory phase of the spontanzous breath,
oscillatory flow in the expiratory di-
rection is the sum of the patieni-gen-
erated flow and the device flow,
whereas oscillatory flow in the inspira-
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tory direction is the difference berween
the two. Thus oscillatory Now in the
expiratory direction is higher, which
sheutd enhance mucuos flow in that di-
rection. But flow is not as controtlable
as maybe you woulid like 1l to be. So
the effect is there only during the pa-
tient’s spontaneous expiratory phase.
If you oscillate on top of an exhala-
tion, then that criferion is supported.
Oun inspiration, it does nol.

S50, half the time you’re sucking mu-
cus in and half the time you're blow-
ing it back out. That's why [ suggested
that perhaps there’s a maneuver you
can do here, where you have a short
deep inspiration and a long expiration
when you're using these devices, just
for that reason.

Homnick: That's possible. Yes,

Fink: In the one asticle that you men-
tioned (Reychler et al') the acrosol par-
ticles with 1PV was reported as 0.2 pm
MMAD. The measurement of MMAD
is typically done witl a cascade impac-
tor, and every cascade impactor [ know
requires some level of consistent flow,
Consequently, use of a cascade impac-
tor to measure aerosol delivery through
an alrway oscillator would appear to be
a poor methods maitch, making it im-
possible to measure a reasonably accu-
rate particle size distribution.

1. Reyehler G, Keyeux A, Cremers C, Veriter C,
Rodenstein DO, Liistro G. Comparison of lung
deposition i lwo types of nebulization: -
rapulmonary percussive ventilation vs jet neb-
ulization. Chest 2004 125(2):502-508.

Chatburn: I agree. In my experi-
ence, there is as much art as science in
using a cascade impactor even under
ideal conditions.

Pierson:*  Are there types of patients
or clinical circumstances in which
these high-frequency airway assistors
shouldn’t be used? 'm thinking, per-

* Davidd I Prersort MDD FAARC, Division of
Pulmonary & Crinical Care Medicine, Harbor-
view Medical Center, University ol Washing-
lor. Seattle. Washington

haps, of patients with neuromuscular
disease who might have a lol of se-
cretions during an infection episocde,
but be unable 1o expectorate.

Chathorn:
Pdon™t know. [U's the same issue with
a mucolytic in a patient tike thae If
you mobilize secretions, Lhe patient must

That's a good question.

be able to cough them out. And perhaps
these technigues don’t actually bring
them out: they bring them to the larger
airways and then depend on the patient’s
cough ability to bring them up.

Whether at home or in the
acule care setting, there are available
mechanisms to assist clearance of the
central airways. The adage of “don’t
mobilize secretions if you can’i ¢lear
the airway” 1s best seen as a reminder
1o the clinician that such mechanisms
are availabie to the patient. While me-

Fink:

chanical aspiration and devices like
the in-exsuiflator can effectively clear
the central airways. we have no way
mechanically Lo aspirate secretions
past the dth generation of the alrway,
with the exception of bronchoscopy,
which is not a cost effective option for
routing care.

Giordano:T  Were any of the studics
focused on the impact of the interven-
tion with regard o compliance? The
[point has been raised that we're using
these interventions to treat individuals
with chronic diseases; compliance is al-
ways anissue, and cven though we don't
see the clinical metrics, are we getting
better compliance with one clinical in-
tervention, as opposed to another? That's
almost of equal importance to the ¢lin-
ical outcomes’ effectiveness, because
one can have the most effective thing in
the world, but if nobody comes 1o the
dance, 1t won't matter!

Chatburn:  That's true. Some of the
studies did mention adherence, only
in terms of patient preference. None
of them that | saw measured il.

" S Giordano MBA RRT FAARC, Ameri-
can Assoctatien - tor Respiratory Care, Drving,

Texas,

Respiratory Cark e Sepremier 2007 Voo 52 No 9

Hess:  Rob. could you comment on
the cost of these devices? You did
make o point that they are less costly.
but is not the witial cost ol some of
these quite bigh? So how do you get a
fower cost with something thaf costs a
iot of money 0 buy in the firsl ptace?

Chatburn:  Hence my suggestion for
acost-cllectiveness study. [don't have
the data. but that is the question we
need to ask. And as Bruce [Rubin]
pointed out eartier, particularly with
our national labor shortage, 1 think we
need to be looking at working smarter
and decreasing the work load associ-
ated with these therapies. And that is
something that is a very serious prob-
lem, [ think.

Rogers: 1 noticed that one of the
contraindications (0 some of the ma-
chines was pulmonary hemorrhage. In
whal sort of patients, and under what
sort of conditions, would you get pul-
monary hemorrhage, and how would
you treat i, or go about avoiding it?

Chatburn:  Well, 1 don’t think the
lists were suggesling that you would
get a pulmonary hemorrhage from
therapy: perhaps it would just exacer-
bate it. And il you were already bleed-
ing, that osciilating and shaking ap
the airways would possibly cause more
bleeding. But I don’t think anybody
here suggested that it would cause it
initially. Again, there’s nothing in the
literature that specifically addresses
the issue; it’s just my own common
sense interpretation.

Rubin:  This is a North American
sort of thing, Duncan. There are 2 hits.
First, if vou're bleeding and you've
gota little tiny clot and knock it loose,
could you make it worse? But even 1f
not, since a lot of patients who have
bronchial bleeds with bronchiectasis
have little bleeds and then a big one,
and in between you happen 1o have
used one of (hese devices, whether or
not 1t caused anything, there could be
the perception you caused it
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