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Purpose: Chest physiotherapy is an important tool in the treatment of COPD. Intrapulmonary
percussive ventilation (IPV) and high-frequency chest wall oscillation (HFCWO) are techniques
designed to create a global percussion of the lung which removes secretions and probably clears
the peripheral bronchial tree. We tested the hypothesis that adding IPV or HFCWO to the best
pharmacological therapy (PT) may provide additional clinical benefit over chest physiotherapy
in patients with severe COPD.

Methods: Sixty patients were randomized into three groups (20 patients in each group): I[PV
group (treated with PT and IPV), PT group with (treated with PT and HFCWO), and control group
(treated with PT alone). Primary outcome measures included results on the dyspnea scale (modified
Medical Research Council) and Breathlessness, Cough, and Sputum scale (BCSS), as well as an
evaluation of daily life activity (COPD Assessment Test [CAT]). Secondary outcome measures
were pulmonary function testing, arterial blood gas analysis, and hematological examinations.
Moreover, sputum cell counts were performed at the beginning and at the end of the study.
Results: Patients in both the IPV group and the HFCWO group showed a significant improve-
ment in the tests of dyspnea and daily life activity evaluations (modified Medical Research
Council scale, BCSS, and CAT) compared to the control group, as well as in pulmonary function
tests (forced vital capacity, forced expiratory volume in 1 second, forced expiratory volume in
1 second/forced vital capacity%, total lung capacity, residual volume, diffusing lung capacity
monoxide, maximal inspiratory pressure, maximal expiratory pressure) and arterial blood gas
values. However, in the group comparison analysis for the same variables between [PV group and
HFCWO group, we observed a significant improvement in the IPV group maximal inspiratory
pressure, maximal expiratory pressure, BCSS, and CAT. Similar results were observed in changes
of sputum cytology with reduction of inflammatory cells (neutrophils and macrophages).
Conclusion: The two techniques improved daily life activities and lung function in patients
with severe COPD. IPV demonstrated a significantly greater effectiveness in improving some
pulmonary function tests linked to the small bronchial airways obstruction and respiratory
muscle strength and scores on health status assessment scales (BCSS and CAT) as well as a
reduction of sputum inflammatory cells compared with HFCWO.

Keywords: severe COPD, intrapulmonary percussive ventilation, high-frequency chest wall

oscillation, daily life activity

Introduction
COPD is a lung disease characterized by chronic airflow limitation associated with
an enhanced chronic inflammatory response to noxious particles or gases.! Mucus
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hypersecretion in COPD has many common causes; some
of these include cigarette smoke, acute and chronic viral
infection, bacterial infection, and/or inflammatory cell acti-
vation of mucin gene transcription.” The overproduction of
mucus and the hypersecretion from increased degranulation
is mediated by neutrophil elastase.> Moreover, there is a dif-
ficulty in clearing secretions because of poor ciliary function,
distal airway occlusion, and/or an ineffective cough along
with reduced peak expiratory flow. This leads to progressive
decline in lung function.'# Respiratory chest physiotherapy
and assisted mucus-clearing techniques are critically impor-
tant in COPD patients.’ Postural drainage, assisted cough,
active cycle of breathing techniques, autogenic drainage,
forced expiratory technique, positive expiratory pressure
devices,® oscillatory positive-expiratory pressure devices’
and, more recently, high-frequency chest wall oscillation
(HFCWO),? intermittent positive pressure breathing (IPPB),’
intrapulmonary percussive ventilation (IPV),'° and temporary
positive expiratory pressure'"'? are the techniques that have
been proposed over the years for secretion management.
The efficacy of these techniques during acute exacerbation
or stable disease remains unclear." Osadnik et al'® reviewed
twenty-eight studies including 907 participants in a meta-
analysis; however, the quality was considered poor due to
inadequate blinding and allocation procedure and the results
were limited by heterogeneity of outcome measurement and
inadequacy of data. The conclusions were that airway clear-
ance techniques are safe for individuals with COPD, but the
benefits are less clear. IPV was designed to promote mobi-
lization of bronchial secretions and improve efficiency and
distribution of ventilation, providing intrathoracic percussion
and vibration and an alternative system for the delivery of the
positive pressure to the lungs. HFCWO involves an inflat-
able jacket that is attached to a pulse generator by hoses that
mechanically enable the equipment to perform at variable
frequencies (5-25 Hz).!* The generator sends air through the
hose, which causes the vest to inflate and deflate rapidly. The
vibrations not only separate mucus from the airway walls but
also help move it up into the large airways.'* Regarding these
two different techniques, we conducted a randomized con-
trolled study aimed at comparing their short-term effects in
severe to very severe (Global Initiative for Chronic Obstruc-
tive Lung Disease [GOLD] stage 3—4, assessment C—D)
COPD patients.

Methods

The study was carried out at the Pulmonary Rehabilitation
Center of the Respiratory Diseases Department of General
Hospital of Sestri Levante from April 2013 to December

2013 and was approved by Local Ethics Committee. Written
informed consent was obtained from all participants and
procedures were conducted according to the Declaration
of Helsinki. The study was registered with the Chinese
Clinical Trial Registry, with the number ChiCTR-TRC-
12002133.

Patients

Seventy nine patients with stable severe to very severe
COPD admitted to The Rehabilitation outpatient clinic
were recruited. Inclusion criteria were as follows: age at
least 35 years, presence of chronic bronchitis and airway
obstruction on spirometry (GOLD stage 3—4, C—D assess-
ment), bronchial hypersecretion (daily sputum >20 mL
for at least 2 consecutive days), and effective cough (peak
expiratory cough flow >360 L/min). Exclusion criteria were
the following: exacerbation of COPD or hospitalization
for COPD within 8 weeks prior to recruitment, history of
bronchial asthma, predominant bronchiectasis, presence of
tracheostomy, mechanical ventilation, recent pneumothorax,
severe abnormalities of sensory, severe cardiac arrhythmias,
hemodynamic instability, and chest radiograph changes.
The drop-out criteria were the inability to comply to study
procedures or the lack of a written informed consent and the
occurrence of any of the exclusion criteria.

Protocol

This was a 4-week parallel randomized controlled study com-
paring IPV, HFCWO, and the best medical therapy. The aim
of the study was to verify the effectiveness and the patients’
preference regarding the two methods. Patients who met
inclusion criteria were enrolled and randomized into three
groups as depicted in the flowchart in Figure 1. A randomiza-
tion schedule was generated by an independent statistician
using an online random permutation generator from http://
www.randomization.com. The randomization assignments

were provided to the physicians in sealed envelopes. The
investigators who carried out the study data analysis were
blinded to patients’ treatment assignment.

Treatments protocols

IPV was provided by a respiratory physiotherapist using
a percussive ventilator (IPV Impulsator, Percussionaire)
(Figure 2A). The impact of calibration (adjustment of
inspiratory to expiratory ratio), percussion (frequency of
delivered breaths), and source pressure (amplitude/pressure
rise of delivered breaths) was adjusted using some suggested
setting parameters.'? Each IPV session lasted fifteen minutes
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79 COPD patients recruited

16 patients

A 4

excluded
(FEV, >50%)

63 COPD patients GOLD stage 3—4
C-D included

IPV group
20 patients

20 patients
concluded the
study

Figure | Flow chart detailing study methodology.

HFCWO group
21 patients

20 patients
concluded the
study

Control group
22 patients

20 patients
concluded the
study

Abbreviations: GOLD, Global Initiative for Chronic Obstructive Lung Diseases; FEV , forced expiratory volume | second; HFCWO, high-frequency chest wall oscillation;

IPV, intrapulmonary percussive ventilation.

and was performed twice a day (morning and afternoon).
HFCWO was delivered by a respiratory physiotherapist
using a percussive vest (The Vest Airway Clearance System
Model 205, Hill-Rom, Batesville, IN, USA) (Figure 2B) at
13—15 Hz oscillating frequency, based on patient’s tolerance,
and at a pressure setting of 2-5 cm H,O to achieve a tight
but comfortable snug fit.'*!> Each HFCWO session lasted
20 minutes and was performed twice a day (morning and
afternoon). Subjects for both procedures were kept in a sit-
ting position. The duration of the treatments for each group

was 2 weeks. The patients were evaluated one week before
the start of airway clearance treatment and one week after
the end of the treatment.

Measurements and outcomes

The primary outcomes of the study were the assessment
of changes in dyspnea and quality of life as well as daily
life activity and healthy status assessment. The secondary
outcomes were changes in respiratory function testing,

hematological tests, and sputum cell count.

Figure 2 (A) Intrapulmonary percussive ventilator. (B) High-frequency chest wall oscillator.
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Dyspnea was measured with the Modified Medical
Research Council (mMRC) Dyspnea Scale;!'® cough and
sputum was assessed with the Breathlessness, Cough, and
Sputum Scale (BCSS);!"!® daily life activity and healthy
status assessment were measured with COPD Assessment
Test (CAT).!*2 Pulmonary function testing including forced
vital capacity (FVC), forced expiratory volume 1 second
(FEV)), FEV /FVC%, total lung capacity (TLC), residual
volume (RV), diffusing lung capacity monoxide (DLCO),
maximal inspiratory pressure (MIP), maximal expiratory
pressure (MEP), peak cough expiratory flow, and arterial
blood gas analysis (Pao,, Paco,, pH) were performed with a
computerized body plethysmography (VMAX 20 PFT Sensor
Medics, Yorba Linda, CA, USA), according to the ATS/ERS
Guidelines.?"2 Inspiratory muscle strength was assessed
by measuring the MIP at RV. Expiratory muscle strength
was assessed by measuring the MEP at TLC. The value
obtained from the best of at least three effort was used. All
the measurements were obtained in an upright position.*?
Diagnosis and severity of COPD were confirmed using the
GOLD Guidelines.?

Sputum collection was made on the day the treatment
was started and on the day of the last treatment. The patients
were instructed by the physiotherapists or by the nurses to
expectorate into the sputum cups during the entire duration
of the treatment and to continue expectorating if the patient
felt the need to cough. Sputum induction was performed
using a previously described method. Briefly, the procedure
was started 10 minutes after the administration of 200 pg of
inhaled salbutamol using a 3% hypertonic saline solution.
Sputum samples were processed within 2 hours after the
collection.?”?* Sputum samples were considered for analysis
if they contained expectorated material with cellular viability
greater than 50%, had contamination with oropharyngeal
squamous cells at a level lower than 20%, and were of suf-
ficient quantity to enable differential counts of 400 cells.?*
Finally at the end of treatment, subjects treated with I[PV or
HFCWO were asked to complete a written questionnaire to
rate comfort, effectiveness, ease of use, and convenience
of the respective procedures. The answers were given
using a S-point Likert-type scale. The possible responses
were extremely =4, very =3, somewhat =2, not very =1,
not at all =0.%

Statistical analysis

Clinical data were expressed as counts and mean and SD.
We calculated the difference between the two treatments
(HFCWO and IPV) and control group using univariate
regression analysis. Subsequently, the difference between

the two treatments (HFCWO and IPV) was analyzed using
univariate regression analysis. In addition, a Wilcoxon test
was applied to the patients’ preference rankings. Differences
were considered statistically significant when p=0.05. Data
analysis was performed using the statistics software R-Project
version 2.13.2.

Results

Sixty-three patients were recruited. Three patients withdrew
prior to completing the study. Two patients belonged to the
control group and one patient belonged to HFCWO group.
Sixty patients completed the study. All patients had similar
characteristics. The patient characteristics are given in
Table 1. No changes in respiratory therapy or COPD exac-
erbations were observed during the study period.

Table | Demographic, clinical, and functional parameters at
baseline in the three groups

Variable Control IPV HFCWO  p-value
group group group
(n=22) (n=20) (n=21)
Demographic and clinical characteristics
Age (years) 74.9+2.7 72.846.1 73.845.9 0.22
Male (%) 11 (50.0) 15 (75.0) 9 (42.8) 0.07
BMI (kg/m?) 25.943.7 25.8+4.3 24.9+5.8 0.11
Exacerbations 2.3+0.3 2.4+0.2 2.510.3 0.12
per year (n)
Hospitalizations  1.1+0.3 1.310.4 1.2+0.3 0.14
per year (n)
Clinical and functional parameters
PaO, 69.8+104  71.8+7.8 72.0£100 0.18
PaCO, 41.7+6.0 42.5+4.8 41.8+2.7 0.21
pH 7.4+0 7.4+0 7.4+0 0.19
HCO, 24.6x1.5 23.312.0 24.8+1.9 0.20
FVC% 61.1 (163) 587 (134) 564(132) 0.15
FEV % 36.2+2.7 36.7+1.8 38.9+2.7 0.07
FEV /FVC% 46.1£12.7  488+13.7  56.9%10.7  0.10
TLC% 140.6+22.2  117.34£31.7 132.54347 0.1l
RV% 192.4+67.0 183.0+66.8 149.6+39.3 0.09
DLCO% 52.945.6 60.6+15.0  65.8+12.1 0.06
MIP 5.7+2.0 6.2+2.0 6.613.1 0.09
MEP 6.5+2.7 7.4%1.9 7.1£1.9 0.08
6MWT (mt) 240+30 242426 265155 0.10
CRP 0.5+0.4 1.0+0.7 I.5+1.6 0.06
YGL 12.7+3.9 15.0+2.0 16.8+5.3 0.06
Scales
mMRC scale 3.240.9 2.7£0.9 2.5%1.1 0.07
CAT score 23.248.1 24.145.9 24.6+5.8 0.10
BCSS 4.9+1.4 6.3%1.4 6.4+2.6 0.06

Notes: Data are expressed as mean * SD, unless otherwise stated. p-value <0.05;
F-test for continuous variables and y? for categorical variables.

Abbreviations: 6MWT, 6-minute walk test; YGL, gammaglobulin; BCSS,
Breathlessness, Cough and Sputum Scale; BMI, body mass index; CAT, COPD
Assessment Test; CRP, C-reactive protein; DLCO, diffusing lung capacity monoxide;
FEV,, forced expiratory volume in | second; FVC, forced vital capacity; HFCWO,
high-frequency chest wall oscillation; IPV, intrapulmonary percussive ventilation; MEP,
maximal expiratory pressure; MIP, maximal inspiratory pressure; mMMRC, modified
Medical Research Council; RV, residual volume; TLC, total lung capacity.
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Table 2 Results of primary outcomes

Before treatment

After treatment

Regression analysis

p-value

Control IPV HFCWO Control IPV HFCWO IPV vs HFCWO IPV vs

group group group group group group control vs control HFCWO
Sex =0 10 15 9
Sex =1 10 5 I
Age (years) 74+3 7247 7416
BCSS 4.6+1.7 6.3%1.4 6.612.8 5.5%2.1 3.7 52422 <0.001 0.007 0.001*
mMRC 3.1+0.8 2.740.9 2.5£1.0 3.240.8 2.4+0.9 2.4+0.9 0.0+ 0.04** 0.6
CAT 23.747.4 24.7+5.9 24.9+6.4 26.9+7.6 17.0£6.3 20.9+6.9 <0.001 <0.001 0.02°*

Note: Data are expressed as mean + SD.

Abbreviations: BCSS, Breathlessness, Cough and Sputum Scale; CAT, COPD Assessment Test; HFCWO, high-frequency chest wall oscillation; IPV, intrapulmonary

percussive ventilation; mMMRC, modified Medical Research Council.

Primary outcomes

Patients in both the IPV group and the HFCWO group
showed a significant improvement in the tests of dyspnea
and daily life and health status assessment (mMRC, BCSS,
and CAT) compared to those in the control group. Moreover,
IPV patients showed an improvement in BCSS (p<<0.001)
and CAT (p<<0.02) scores in comparison with HFCWO. The
results are reported in Table 2. The box-plots of BCSS and
CAT scores are shown in Figure 3.

Secondary outcomes

Both the techniques improved several parameters in the
patient groups compared to control group (white blood cells,
neutrophils, and lymphocytes; C-reactive protein; FVC;
FEV; FEV /FVC%; TLC; RV; RV/TLC%; DLCO; MIP;
MEP; PaO_; PaCO,; and pH). However, in the group com-
parison analysis for the same variables between IPV group
and HFCWO group, we observed a significant improvement
inthe IPV group in TLC and TLC% (»<<0.03), RV and RV%
(»<<0.04), and DLCO, MIP, and MEP (p<<0.01). These
results are summarized in Table 3.

BCSS
10 — @ —_—
1
1
8- —— ° :
! i
6 — —_—
[
[
4 — : !
I T
1 1
2 — - ; 1
o —_—
| | |
Control 1PV HFCWO

Sputum changes

A significant change in total cell count and neutrophil, lym-
phocyte, and macrophage counts in sputum samples were
observed in the patients receiving either of the two treatments
(IPV and HFCWO) compared to control group. Only a slight
significant change in neutrophil count was observed in the
IPV group compared to HFCWO group (p<<0.05). All the
results of the sputum cells count measurements are reported
in Table 4.

Measurement of patient acceptability

The 40 patients who finished the study (20 in each group)
completed the questionnaire and rated the comfort, effi-
cacy, ease of use, and convenience. A similar ranking was
expressed by the patients for both the techniques. Table 5
shows the mean + SD rating and the ranking.

Discussion

Techniques for increasing the normal airway clearance are a
vital component of therapy. Mechanisms which can be per-
formed without an assistant or without being dependent on a

CAT
-
— 1
1
|
30 — T
. [
— I
T I
20 — :
1
7 [
- [
10 — | S S
o —_—
| | |
Control 1PV HFCWO

Figure 3 Median changes in BCSS and CAT before and after treatment in the three groups.
Abbreviations: BCSS, Breath, Cough and Sputum Scale; CAT, COPD Assessment Test; HFCWO, high-frequency chest wall oscillation; IPV, intrapulmonary percussive

ventilation.
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Table 3 Results of secondary outcomes (hematological, biochemical, and respiratory function parameters)

Variable Before treatment After treatment Regression analysis

Control IPV HFCWO Control IPV HFCWO p-value

group group group group group group Control/ Control/l  IPV/

IPV HFCWO HFCWO

Leukocytes 8.033%£1.749 7.938+1.886 7.433+2.028  9.335%£1.558  7.519+£1.907  7.155+1.755  <0.001 <0.001 0.7
Neutrophils% 6519 70x1 | 6619 7119 6618 6318 <0.001 <0.001 0.4
Lymphocytes%  29+5 2117 2448 25+6 2316 2617 <0.001 <0.001 0.3
CRP 0.5+0.5 1.0£0.7 1.5£1.7 0.8+£0.5 0.610.4 0.9+0.9 <0.001 <0.001 0.3
FvC 2.609+0.738  1.989+0.839  2.078+0.701  2.414+0.919  2.256+0.804 2.269+0.633  <0.001l <0.001 0.7
FVC% 65+10 6016 66112 59+12 68+13 7119 <0.001 <0.001 0.7
FEV, 1.155+0.504  1.013+£0.568  1.236+0.543  1.045+0.446  1.195+0.618  1.349+£0.554  <0.001 <0.001 0.4
FEV, % 3549 37£12 4311 319 44.0£2.1 45.713.6 <0.001 <0.001 0.4
FEV /FVC% 45.6%+13.4% 48.8%t13.0% 57.5%+11.9% 43.9%+12.2% 51.8%+11.0% 588%t13.4% 0.04 0.02 0.8
TLC 5.799+1.347  7.381+2.047 5.458+1.426 5.847+1.024 5.859+1.168 5.247+1.355 0.0I 0.04 0.03
TLC% 139.£21 147 £31 133£35 145£18 137£23 124128 0.01 0.04 0.04
RV 3.731£0.758  4.106+1.805  3.453%+1.296 3.781£718 3.708+1.173  3.299+1.153  0.02 0.02 0.04
RV% 190167 183166 146+37 203+66 150£36 13629 0.02 0.02 0.04
RV/TLC% 65.1%19.7%  67.0%+13.5% 59.6%+9.7%  67.9%t13.0% 63.6%+8.1%  60.5%+9.7% 0.0l 0.01 0.05
DLCO% 51.0%15.7%  60.6%x15.0% 67.5%t12.3% 485%t14.1% 67.8%+9.1%  69.7%£5.7%  <0.001 <0.001 0.0l
MIP (kPa) 5.8+2.1 6.212.0 6.812.3 5.3+1.8 8.1£2.0 7.5+2.8 <0.001 0.004 0.01
MEP (kPa) 6.412.4 7.4£1.9 7.242.1 5.842.0 9.3t1.4 8.0+2.4 <0.001 <0.001 0.01
pO, 69.1£10.1 71.8£7.8 71.8£104 67.919.5 76.316.3 74.819.6 <0.001 <0.001 0.2
pCO, 42.0£5.3 42.5+4.8 41.7£3.9 43.1£6.9 40.4£3.1 40.3£3.7 0.003 0.004 0.8
HCO, 24.3%1.2 23.6+2.0 24.4+1.8 24.0£1.3 23.4£1.8 23.9+2.1 0.07 0.08 0.10

Abbreviations: CRP, C-reactive protein; DLCO, diffusing lung capacity monoxide; FEV |, forced expiratory volume in | second; FVC, forced vital capacity; HFCWO,
high-frequency chest wall oscillation; IPV, intrapulmonary percussive ventilation; MEP, maximal expiratory pressure; MIP, maximal inspiratory pressure; RV, residual volume;

TLC, total lung capacity.

caregiver provide greater control as well as patient satisfac-
tion and are considered important in many areas of medicine
(eg, diabetes). Techniques which can be used in a majority of
adolescents and adults with pulmonary disease that lead to an
increase in adherence with daily therapy have been developed
in the recent years.’! Thus, methods such as the application
of positive expiratory pressure and use of flutter valves or
high-frequency chest compression vests have been evaluated
with good results in cystic fibrosis patients; these techniques
have not been well studied in the COPD patient popula-
tion. There are a few trials that have studied chest physio-
therapy or directed coughing techniques in COPD patients.

Table 4 Changes in sputum cell count

These trials have shown some improvements in mucus
clearance, but no changes in lung function.?**** Several
studies have been published regarding the two instruments,
both in bronchiectasis and cystic fibrosis patients,®930-344
or in COPD patients,*% but only two studies compared
IPV and HFCWO.3*¢! In the previously published studies,
IPV reduced the incidence of exacerbations,*-** improved
arterial blood gas values,’3*3*%7 reduced diaphragmatic
workload,* and improved dyspnea,’**’! some respiratory
functional parameters,**>*” and sputum volume.** HFCWO
showed the following findings: improvement of wet weight
sputum or greater sputum expectoration,®*** reduction of

Variable Control IPV HFCWO Control IPV HFCWO  p-value

group group group group group group IPV/control HFCWOI/control IPV/HFCWO
Total cells 452+1.51 4.83%135 4.45+1.54 526+1.25 4.12+75 3.98+1.08 0.001l 0.001 0.15
Neutrophils 7148 72111 7248 7548 619 6418 0.001 0.001 0.05
Lymphocytes  2.2+0.5 2.348 2.3+0.7 1.9+0.4 2.8+08  2.7+0.7 0.001 0.001 0.17
Eosinophils 2+1 312 2+ 2+1 3£l 3l 0.07 0.06 0.19
Macrophages  16+7 15+12 16£10 21+6 415 16£5 0.01 0.01 0.11

Notes: Total cells count 10%g. Neutrophils, lymphocytes, eosynophils, and macrophages are expressed as percentage + SD.
Abbreviations: HFCWO, high-frequency chest wall oscillation; IPV, intrapulmonary percussive ventilation.

submit your manuscript

622

Dove

International Journal of COPD 2018:13


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

HFCWO vs IPV in severe COPD

Table 5 Ratings and ranking of patient preferences for airway
clearance techniques

Variable IPV HFCWO p-value
group group

Comfort 3.42+0.44 3.47+£0.53 0.810

Efficacy 2.67£0.94 2.91£1.08 0.954

Ease of use 3.04+0.93 2.64+0.62 0.072

Convenience 3.21+£0.33 291+0.16 0.754

Note: Values are expressed as mean + SD.
Abbreviations: HFCWO, high-frequency chest wall oscillation; IPV, intrapulmonary
percussive ventilation.

dyspnea (Borg score),*>* improvement of healthy scores
(CAT and BCSS) and quality of life (St Georges Respiratory
Questionnaire),'* improvement in ventilation distribution
and gas mixing,"' improvement of respiratory function
parameters (FVC, and FEV),*!*!3*! and changes in sputum
cell counts.' The study by Varekojis et al* has compared the
therapeutic effectiveness and preference of postural drainage
and percussion with [PV and HFCWO. Effectiveness was
evaluated by measuring the weight of the wet and dry sputum
obtained with each method as well as based on the results of
preference obtained by using a Likert-type scale. The wet
sputum weight differed significantly and was greater in the
IPV group. The second study compared IPV and HFCWO in
pediatric tracheostomized patients. IPV was more effective
than HFCWO in reducing lower respiratory tract infections,
steroid and bronchodilator use, as well as the number of
hospitalizations.®! Our study has evaluated short-term effects
of the two techniques on patients with severe to very severe
COPD. We have found a significant improvement in the
dyspnea, scores on health status assessment scales, as well
as in pulmonary function tests and gas exchange.

Besides, in the group comparison analysis for the same
variables between the IPV group and the HFCWO group, a
significant improvement in the IPV group in TLC, RV, DLCO,
MIP, MEP, BCSS, and CAT was observed. The latter data
may suggest that [PV can also act on small bronchial airway
obstruction and improve alveolar ventilation. Moreover,
the reduction of lung hyperinflation decreases respiratory
workload as shown by the reduction of maximal inspiratory
and expiratory pressure. Finally, changes in sputum cel-
lularity showed a reduction in the number of inflammatory
cells (neutrophils and macrophages) and an increase in the
number of lymphocytes as a result of utilization of the two
techniques (previously observed for HFCWO)'* and suggests
a modulation of inflammatory cells (greater for IPV). This
is the first study that has investigated sputum cellularity for
COPD patients; further studies need to confirm our findings,
particularly concerning its impact on exacerbations.

Limitations
This study has some limitations. It was done in a single center
with a relatively modest sample size. We have evaluated only
the short-term effects of these techniques; this does not allow
us to establish the duration of the effects of the treatment and
how many cycles of therapy every patient needs per year.
Moreover, we have not considered the exacerbations;
we should have expected a reduction in the number of
exacerbations related with the changes in sputum cellularity.
Finally, the absence of a sham ventilation therapy group
makes our conclusion somewhat less powerful, especially
with regard to subjective factors such as dyspnea.

Conclusion

This study shows that both IPV and HFCWO can improve
lung function, muscular strength, dyspnea, and scores on
health status assessment scales. [PV demonstrated a greater
effectiveness in improving test results linked to small
bronchial airways and alveolar ventilation (RV and DLCO)
and muscular strength (MIP and MEP) as well as scores on
daily life and health status assessment scales (BCSS and
CAT) compared with HFCWO. These techniques should
be considered as additional therapy in patients with severe
to very severe COPD.
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