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Abstract
Aims and objective: The aim of this study was to compare the 
efficacious treatment in intensive care unit patients: high frequency 
chest wall oscillation (HFCWO¸VEST) versus chest physiotherapy 
(CPT).
Background: Patients with lung disease often have respiratory 
infections and hospitalization caused by sputum retention. Intensive 
care unit patients usually have intubated and ventilator and this make 
it difficult to clean the airway.
Methods: A comparison study with random sampling was carried 
out 559 patients in the intensive care unit were recruited in the study. 
Patients either received HFCWO therapy using the vest system 
(n=208) or received CPT (n=351). The primary outcomes were 
length of stay in intensive care unit and the duration of mechanical 
ventilation, comfortable with therapy and lung condition were 
compared between the two groups.
Results: The patients treated by the high frequency chest wall 
oscillation, their duration of mechanical ventilation (p=0.014), 
chest X-ray (p<0.0001) and their comfortability (p<0.0001) were 
significantly better than the chest physiotherapy patients. The sputum 
volume did not differ significantly between the two groups (p=0.085).
Conclusion: HFCWO was associated with better comfort, produced 
an improvement in lung condition, and reduced the number of days 
to use the ventilator on patients who are in intensive care units, 
compared to manual percussion of CPT. HFCWO can be performed 
in acutely ill patients who may be unable to use handheld devices 
effectively. Those patients need airway clearance in intensive care 
units; this treatment could be included among the options in chest 
physiotherapy.
Keywords: High Frequency Chest Wall Oscillation, Chest 
Physiotherapy, Intensive Care Unit
Introduction
   Patients with acute or chronic lung disease often have respiratory 
infections and hospitalization caused by sputum retention. The early 
clearance of mucus and secretions from the airways is important in the 
treatment of pulmonary diseases. Patients in the intensive care unit 
(ICU) are usually intubated endotracheal tub and monitored through

mechanical ventilator. This makes it difficult to clean the airway 
passages of these patients [1-3]. Chest physiotherapy has several 
secretion management techniques and equipment which could 
mobilize the secretions, make the coughing effective, and improve 
cleaning of the airway. These include modified postural drainage, 
position, and percussion [4-6], positive expiratory pressure devices 
[4-6], breathing technique [4,5], intrapulmonary percussive 
ventilation [7], and high-frequency chest wall oscillation (HFCWO) 
[8, 9]. The conventional chest therapy (CPT) is consisting of postural 
drainage, position, and manual percussion technique, and has been 
applied for many years and used empirically. Likewise it has been 
reported that CPT is time-consuming, labor intensive, and may not 
be available as frequently as desired during hospitalization [10, 11].
   HFCWO is performed with a mechanical device (Hayek Oscillator). 
It produces high velocity, low amplitude oscillatory airflows when 
applied through a pneumatic vest worn over the thorax. HFCWO 
delivers an intermittent airflow into the vest which compresses 
and releases the chest wall at different frequencies. An oscillation 
in airflow within the airways is achieved. By this mechanism, 
an oscillation of airflow is produced within the airway; mucus is 
dislodged from the bronchial walls and mobilized to larger airways, 
where it could more easily be removed by coughing or suctioning [12, 
13]. It has an important advantage for making standard mechanical 
therapy without dependent nurses or therapists. Recently, HFCWO 
therapy has been used in many diseases, such as cystic fibrosis [8, 12, 
14-17], chronic obstructive pulmonary disease (COPD) [10, 18, 19], 
thoracic trauma [9, 20], and bronchial asthma [18, 21, 22]. Improving 
lung function, safety, tolerability after using of the HFCWO has been 
reported in the treatment of these diseases. To our knowledge, few 
studies have examined the use of HFCWO in the management of 
acute lung condition among patients in the ICU. Hence, how to safely 
and effectively removal of sputum, and prevent or treat respiratory 
tract infections, has become a clinically important issue. The main 
purpose of this study was to compare the efficacy of HFCWO 
and CPT in ICU patients, particular on the length of ICU stay and 
duration of mechanical ventilation, comfortable and lung condition.
Methods
Design
   A comparison study with random sampling was carried out. The
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specific aims of this study were to compare the effectiveness of 
HFCWO and conventional CPT in patients in the ICU.
Sample and Setting
   A sample of 559 adults who were admitted to the ICU via the 
emergency room inTaiwan. Patients who met the following eligibility 
criteria were recruited: (1) endotracheal intubation with mechanical 
ventilation, (2) blunt or penetrating chest wall injury, (3) pneumonia, 
and (4) 18 years of age or older. Potential participants were excluded 
if they (1) Glasgow Coma Scale score were below than 7, or (2) 
unstable condition.
Data collection
   The study was approved by the research ethics committees of the 
hospital where the participants were recruited. Patients or legalized 
families agreed to participate in the study and were assigned 
following a computed randomized list to high frequency chest wall 
oscillation (HFCWO) or to chest physiotherapy (CPT).
Measurements
   The study questionnaires include questions on demographics 
(age, gender, and ICU attributes), the length of ICU stays, duration 
of mechanical ventilation, improvement of lung condition, sputum 
volume, and patients’ comfortable. The improvement of pneumonia 
and lung collapse was recorded by listening to both lungs and chest 
X-ray films by two senior physicians. Patient comfort with treatment 
was measured using a visual analog scale, increasing score reflects 
greater discomfort.
HFCWO and CPT procedures
   CPT consisting of chest percussion and postural drainage was 
performed by ICU nurses. The HFCWO was set to an optimum
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oscillating frequency of 10-15 Hz, with a slight pressure on the chest, 
performing by respiratory therapists (RTs). Both treatments were 
given every 4 h per day and last 30 minutes per session. Patients’ 
condition was monitored during CPT or HFCWO procedures. Nurses 
and RTs followed the standard of research program.
Statistical analysis
   SPSS for Windows 21.0 (SPSS Inc., Chicago, IL, USA) was 
used for all statistical tests. Continuous variables were expressed as 
mean ± standard deviation and categorical variables, expressed as 
frequency or percentage, were compared using the χ2 test. Values of 
p ≤ 0.05 were considered statistically significant.
Results
Characteristics of the samples
   The mean age of the HFCWO and CPT groups were 62.36 (SD 
16.65) and 62.16 (SD 15.52) years, respectively. One hundred and 
thirty-five (64.9%) and 230 (65.5%) were male in the HFCWO and 
CPT groups. None of the baseline patient characteristics differed 
significantly between the two groups. The patients’ characteristics 
are presented in Table 1.
ICU length of stay and ventilation duration
   The ICU length of stay of the HFCWO and CPT groups were 12.37 
(SD 11.06) and 14.39 (SD 13.83) days, respectively. It showed nearly 
significant difference between the two groups (t= -1.90, p=0.059). 
The duration of mechanical ventilation was 10.68 (SD 10.60) days 
in the HFCWO group and 13.28 (SD 14.22) days in the CPT group. 
This measurement showed differs significantly between the two 
groups (Table 2).

Total HFCWO
n=208 (%)

CPT
n=351 (%)

Analysis
t/x2

p

Age t = 0.14 0.88
Mean + SD 62.23 ± 15.93 62.36 + 16.65 62.16 ± 15.52
Gender x2=0.02 0.88
Male 365 (65.3) 135 (64.9) 230 (65.5)
Female 194 (34.7) 73 (35.1) 121 (34.5)
ICU attributes x2=0.77 0.38
Medical 258 (46.2) 91 (43.7) 167 (47.6)
Surgical 301 (53.8) 117 (56.3) 184 (52.4)

Table -1: The Demographic Characteristics of HFCWO and CPT Participants (n =559)
Note. HFCWO: high-frequency chest wall oscillation; CPT: chest physical therapy; ICU: intensive care unit.

HFCWO
n=208
mean (SD)

CPT
n=351
mean (SD)

t p

ICU stay, days 12.37 (11.06) 14.39 (13.83) -1.90 0.059
Duration of mechanical ventilation, days 10.68 (10.60) 13.28 (14.22) -2.47 0.014*

Table-2 Comparison of Parameter about the Length of Stay and Duration of Mechanical Ventilation (n = 559)
Note. HFCWO: high-frequency chest wall oscillation; CPT: chest physical therapy; ICU: intensive care unit; * p-value < 0.05
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Differences in comfort, sputum volume, pneumonia and lung 
collapse between HFCWO and CPT participants
   Table 3 shows a comparison of the comfort, sputum volume, and 

pneumonia and lung collapse between two groups. There was a 
significant difference in the comfort (p <0.0001), pneumonia and 
lung collapse (p <0.0001). However, the amount of sputum did not 
differ significantly between the two groups (p=0.085).

HFCWO
n=208 (%)

CPT
n=351 (%)

x2 p

Comfort 267.70 < 0.0001**
Comfort 82 (39.4) 3 (0.9)
Mild comfort 42 (20.2) 1 (0.3)
Mild pain 81 (38.9) 252 (71.8)
Pain with treatment 3 (1.4) 80 (22.8)
Severe pain 0 15 (4.3)
Sputum 4.93 0.085
< 5 ml 47 (22.6) 56 (16.0)
5-10 ml 62 (29.8) 99 (28.2)
> 10ml 99 (47.6) 196 (55.8)
Pneumonia 22.45 < 0.0001**
No improvement 28 (13.5) 110 (31.3)
Improvement 180 (86.5) 241 (68.7)
Lung collapse 22.45 < 0.0001**
No improvement 28 (13.5) 110 (31.3)
Improvement 180 (86.5) 241 (68.7)

Table-3: Differences in comfort, sputum volume, pneumonia and lung collapse between HFCWO and CPT participants
Note. HFCWO: high-frequency chest wall oscillation; CPT: chest physical therapy; ** p-value < 0.0001

Discussion
   This study examined the efficacy of HFCWO using the Vest 
system compared with traditional CPT for patients with medical or 
surgical conditions who admitted to ICUs. It was found that patients 
in the HFCWO therapy was shorter length of ICU stay and duration 
of mechanical ventilation and better comfortable with treatment and 
lung conditions than those in CPT group. The results of the present 
study provide empirical support for the effectiveness of HFCWO in 
the management of patients’ conditions in ICUs.
   In our study, 82 (39.4%) patients felt comfortable with HFCWO, 
whereas only 3 patients in the CPT were comfortable and 71.8% 
of them felt mild pain with therapy. These findings were consistent 
with previous researches [9, 23, 24, 25]. It has been reported that 
traditional CPT for airway clearance is labor intensive and discomfort
for patients [11]. Researchers have found that HFCWO system 
was safe and comfort for patients with lung and chest wall injuries. 
Patients experienced no pain and no increased bleeding or need for 
further surgical treatment [9, 18, 20, 23, 24, 25]. Moreover, the safety 
of the HFCWO Vest system was evaluated by observing patients’ 
vital signs, and during the study period, sudden changes in vital signs 
were not observed and without adverse events.
   We did not find difference in sputum volume between two groups. 
There are possible explanations. First, this study had medical 
and surgical patients who may have other comorbidities to detect 
improvements in this outcome. Second, we may not have measured 
markers of airway clearance with adequate precision. Sputum 
collection was made by suction from the endotracheal tube with 
sputum box. It is possible the nurses may have suction sputum direct 
into suction bottle. The design of future studies of airway clearance 
need to include procedures to assure collection of sputum and to 
measure wet or dry sputum weight.

   The present study shows that there were effect of HFCWO in the 
length of ICU stay, duration of mechanical ventilation, and lung 
condition. These results were consistent with previous studies [10, 
26, 27]. It may contribute to expectoration and thus improve lung 
collapse among ventilated patients in ICUs. A study of 22 hospitalized 
patients with hypersecretive COPD with recurrent exacerbations 
found that the treatment with HFCWO led to improvement in lung 
function, quality of life, and reduction of symptoms, but not in 
sputum production [10]. One study was no difference in the length 
of hospital and ICU stay, and duration of mechanical ventilation 
between two the therapy groups [9]. Their patients in the HFCWO 
group were higher pulmonary contusion score than those in CPT 
group. Thus, ventilation was used more frequently in the HFCWO 
group than in the CPT group (100% vs. 78%).
   A new study of systematic review by Morrision et al. [8] have 
demonstrated that there were no clear evidence that oscillation was 
more or less therapy than other techniques of physiotherapy for 
people with cystic fibrosis. However, compared with the HFCWO 
Vest system, traditional CPT (manual percussion or postural 
drainage) requires much time and assistance from trained health care 
personnel. HFCWO can be performed in acutely ill patients who 
may be unable to use handheld devices effectively, such as intubated 
patients, and may therefore offer a practical advantage compared to 
chest physiotherapy. Moreover, HFCWO Vest chest therapy is a safe, 
comfortable and effective alternative pulmonary clearance method 
and can be used on patients who are on ventilators in ICUs.
Limitations
   This study had several limitations. First, the participants were 
recruited from a teaching hospital in the northern Taiwan, so there 
are limitations in the study of inference, suggesting that future 
studies can expand the study areas to increase the inference. The
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participants of this study set the inclusion criteria (with medical or 
surgical) may be too complex, some of patients who were with other 
comorbidities that may influence the results of measurements. Future 
study could be simplified the standard of patients’ condition.
Conclusions
   HFCWO was associated with better comfort, compared to manual 
percussion of CPT; despite the use of HFCWO equipment was high 
cost. This study shows that HFCWO produced an improvement in 
lung condition, patients’ comfort, and reduced the number of days to 
use the ventilator on patients who are in ICUs. Long-term studies are 
needed to examine the effectiveness of different airways clearance 
devices or their cost-effectiveness. More clinical researches are 
needed in order to use this knowledge to ICU practices.
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