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Evaluation of the effectiveness of 

vibroacoustic lung massage during 

spontaneous breathing in patients after 

cardiac surgery 

Eremenko A.A., Zyulyaeva T.P., Kalinina A.А., Rozina N.A. 

Petrovsky National Research Center of Surgery, 119991, Moscow, Russian Federation 

Aim – To study the efficacy of vibroacoustic lung massage with the help of postoperative Percuton 
apparatus in cardiosurgical patients by its effect on gas exchange indices, parameters of external 
breathing and sputum passage. 
Material and methods. The prospective study included 55 patients aged 19–80 years after elective 
cardiac surgery in Petrovsky National Research Center of Surgery in 2019. 
Inclusion criteria: age over 18 years, self-breathing after trachea extubation, possibility to maintain 
adequate gas exchange against the background of oxygen inhalation, clear consciousness and 
productive contact with the patient, adequate pain relief (VAS <2 on a 10-score scale). Exclusion 
criteria: necessity to carry out artificial pulmonary ventilation (IVL), non-invasive mask pulmonary 
ventilation or high-flow oxygenotherapy, acute cerebral circulation disorder, shocks of various 
etiologies, extracorporeal detoxification methods. All gas exchange indices were carried out when 
breathing with air.  
Results. It has been found that 96.4% of cardiosurgical patients have difficulties in evacuating 
sputum during coughing in early times after trachea extubation. Vibration-acoustic massage of 
lungs by Percuton apparatus is accompanied by significant improvement of sputum passage. After 
the session, the sputum pumping efficiency increased on average from 0.04±0.19 to 0.64±0.79 
points (p<0.001). As a result of vibromassage, the number of patients with maximum inspiratory 
volume less than 500 ml decreased from 32.7 to 7.3%, and with MIO more than 1500 ml – 
increased from 14.5 to 45.1% (p<0.05). 
Conclusions. Statistically significant increase of maximum inspiratory volume after vibromassage 
on average by 44.1% (p<0.001) along with decrease by 19.7% (p=0.002) of fraction of intralegal 
shunning can be observed. Vibroacoustic lung massage was accompanied by improvement of gas 
exchange indices, as evidenced by statistically significant increase of О2 partial pressure in arterial 
blood and p/f index with simultaneous decrease of PaCO2 and increase of blood oxygen saturation. 
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Acute respiratory failure (ARF) is one of the most common 

complications that develop in the postoperative period in cardiac 

surgery patients. Violation of alveolar oxygenation after such 

operations is observed in almost all patients, and the frequency of 

clinically significant ODN remains quite high, especially during 

operations on the aorta, reaching 3.2-28.6% [1-5]. ODN contributes 

to an increase in mortality among cardiac surgery patients and 

significantly increases the economic costs associated with its 

treatment. 

 

According to the literature, the most common causes of 

postoperative acute obstructive pulmonary disease (COPD) are 

exacerbation of chronic obstructive pulmonary disease (COPD), 

atelectasis, and ventilator-associated pneumonia [3-7]. Atelectasis 

of the alveoli can contribute to the special features of the 

performed surgical intervention: lung injury during cardiac surgery 

and on the thoracoabdominal aorta, single-lung ventilation, 

opening of pleural cavities, pneumothorax, damage to the 

diaphragmatic joints with the development of diaphragm paresis. 

Such unfavourable factors as damage to the lungs associated with 

artificial ventilation (ventilator), prolonged forced position on the 

operating table, the use of hyperoxic respiratory mixture and the 

cessation of ventilation and perfusion of the lungs during artificial 

blood circulation (IC), as well as a violation of the chest frame and 

pain syndrome are also significant [8-13]. 

 

In intensive care units, various methods of preventing 

hypoventilation and alveolar atelectasis have been used for a long 

time: incentive and stress spirometry, oscillating PEEP therapy, 

vibration massage using vibrating massagers or special vests. When 
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using these high-frequency massage devices, due to chest wall 

vibrations, which are transmitted to the patient's lungs, the 

evacuation of sputum during coughing is greatly facilitated, which 

improves respiratory function, reduces the frequency and severity 

of alveolar atelectasis [14–19]. 

 

Relatively recently, a fundamentally new method of vibroacoustic 

lung massage using the BARK Percuton device has appeared, based 

on the effect on the lung tissue of a sound signal of various 

frequencies. According to the manufacturer, the frequency of the 

stimulating signal is constantly changing and has a complex 

modulation, which ensures the maximum efficiency of the 

procedure. The therapeutic effect of the device is due to three 

main mechanisms: improvement of bronchial drainage, 

recruitment of alveoli and improvement of ventilation-perfusion 

ratios in the lungs. However, at present, there are practically no 

data in the literature on the effectiveness of this method in patients 

of cardiac resuscitation and intensive care units. 

 

The aim of the study was to evaluate the effectiveness of 

vibroacoustic massage of the lungs using the Percuton apparatus in 

the postoperative period in cardiac surgery patients by its effect on 

gas exchange parameters, external respiration parameters and 

sputum passage. 

Material and methods 
The work was performed on the basis of a prospective study of 55 

patients (39 men and 16 women, mean age - 59 ± 11.7 years) after 

planned cardiac surgery, reconstructive interventions on the aorta 

or on its branches, performed at the N.N. Academician B.V. 

Petrovsky in 2019. Heart valve replacement was performed in 20 

patients, myocardial revascularization - in 20 patients, including 9 

in combination with heart valve replacement, carotid 

endarterectomy - in 2 patients, reconstructive aortic surgery - in 13 

patients. 

 

Inclusion criteria: age over 18 years, independent breathing after 

tracheal extubation, the ability to maintain adequate gas exchange 

against the background of oxygen inhalation, clear consciousness 

and productive contact with the patient, adequate anesthesia 

[score <2 on the 10-point Visual-Analog Pain Scale (VAS)]. 

 

Exclusion criteria: the need for mechanical ventilation, non-invasive 

mask ventilation or high-flow oxygen therapy, acute 

cerebrovascular accident, shocks of various etiologies, 

extracorporeal detoxification methods. 

 

General anesthesia was performed using the method of balanced 

multicomponent anesthesia (propofol, midazolam, ketamine, 

fentanyl, sevoflurane). Myoplegia was maintained by fractional 

administration of pipecuronium bromide. To protect the 

myocardium, cardioplegic solutions Consol, Custodiol or blood 

cardioplegia were used. 

Most of the patients underwent surgery with CP in conditions of 

normothermia or moderate hypothermia. For patients undergoing 

reconstructive interventions on the aortic arch, operations were 

performed under conditions of hypothermia, circulatory arrest, and 

antegrade cerebral perfusion. Postoperative anesthesia was 

performed according to the scheme adopted in the department 

using intravenous acetaminophen at a dose of 1 g 4 times a day 

with the addition of 50-100 mg of tramadol intravenously or 20 mg 

of trimeperidine intramuscularly. 

 

In the postoperative period, vibroacoustic massage of the lungs was 

performed using the BARK Percuton apparatus (manufactured by 

BARK Technology LLP, Kazakhstan). The procedure was performed 

10–12 h after tracheal extubation. Sessions lasting 5 min were 

carried out in the prophylaxis mode with 100% power of the 

vibroacoustic signal. The session began with applying the spoons of 

the emitters to the subscapularis, going up the surface of the back, 

then the emitters were applied to the lateral surface of the body, 

and then the session was continued on the front surface of the 

chest, from bottom to top along the midline. 

 

Before the vibromassage session and 10 min after its end, the 

following arterial blood parameters were recorded in each patient 

while breathing air: pH, blood oxygen saturation, the level of partial 

pressure of oxygen and carbon dioxide (SatO2, PaO2, PaCO2, 

respectively); PaO2 / FiO2 was calculated using conventional 

formulas (p / f index), CaO2 - blood oxygen capacity, P (A – a) O2 - 

alveolar-arterial oxygen difference, Qs / Qt - intrapulmonary blood 

shunting. In addition, the respiratory rate (RR) was measured and 

the maximum inspiratory volume was recorded using a Couch 2 

incentive spirometer from Portex. The effectiveness of sputum 

discharge before and after the session was assessed in points: 0 - 

sputum coughs up poorly; 1 - sputum is coughing up satisfactorily; 

2 - sputum clears up well.  

 

Data were statistically processed using Jamovi version 1.1.9.0 for 

MacOS. Compliance with the law of normal distribution was 

assessed using the Shapiro – Wilk test. For each assessed indicator, 

the arithmetic mean, median, standard deviation, minimum and 

maximum values of the indicator, mean difference, 95% confidence 

interval were calculated. To assess the significance of statistical 

differences with a normal distribution of signs, the Student's test 

was used for paired samples, with an abnormal distribution - the 

Wilcoxon test. Values were considered significant at p <0.05. 

 

Results 
Changes in gas exchange parameters and external respiration 

parameters in cardiac surgery patients during Percuton 

vibroacoustic lung massage are presented in Table. 1 and 2. From 

the data in Table. 1 it can be seen that in the vast majority of 

patients (96.4%), prior to vibroacoustic lung massage, poor sputum 

discharge was recorded during coughing, which corresponded to an 

assessment of 0 points (on average, it was 0.04±0.19 points). After 

the session, sputum discharge significantly improved-this is 
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evidenced by an increase in the number of patients with a sputum 

discharge score of 1 point to 23.6% and 2 points to 20% (the 

average value is 0.64±0.79 points). The differences are statistically 

significant (upper 95% confidence interval – 1.5; lower-1.0; p<0.001) 

(see Table 1). 

 

The average indicator of the maximum inspiratory volume (MIV) 

before vibroacoustic massage (Table 2) was at a fairly high level (> 

1000 ml). However, in almost half of the patients (50.9%), the MIV 

was in the range of low values (200–800 ml), which indicates a 

dysfunction of external respiration, and only in 14.5% of patients it 

exceeded 1500 ml. After a session of vibroacoustic massage, the 

increase in MIV in the group increased by an average of 44.1% (the 

average difference was 500 ml, 95% confidence interval was 400–

600 ml, p <0.01), and the number of patients with MIV> 1500 ml 

increased to 45.4%, i.e. more than 3 times. The absence of an 

increase in MIV after a session of vibroacoustic massage was noted 

only in 4 (7.3%) patients, and all of them had low MIV values in the 

range of 200–500 ml. 

 

The initial indices of gas exchange before the session of 

vibroacoustic massage of the lungs showed (see Table 1) that the 

median of SatO2, PaO2, p / f index, PaCO2 were within the normal 

range. Only 7 (12.7%) patients had p / f index <300 mm Hg. After a 

session of vibro-acoustic massage, an improvement in the gas 

exchange function of the lungs is noted - this is evidenced by a 

significant increase in the level of partial pressure of O2 in arterial 

blood (95% confidence interval 3.5–6.5; p <0.001), p / f index by 

6.1 % (p <0.001) with a simultaneous decrease in PaCO2 by 9.2% 

(95% confidence interval –4.0… –2.5; p <0.001). And although 

SatO2 significantly increased (p <0.001), the increase was the 

minimum percentage. In 7 (12.7%) patients, SatO2 either did not 

increase or decreased insignificantly. These patients also showed 

no improvement in sputum passage. Intrapulmonary blood 

shunting significantly decreased after the session by 19.7% (p = 

0.002).  

 

The pH and CaO2 levels did not change significantly. The alveolar-

arterial oxygen difference both before and after the session was 

significantly increased and did not change significantly (p = 0.68). 

Only 3 (5.4%) patients showed a decrease in this indicator by an 

average of 60%, while they had a significant (more than 3 times) 

increase in the MIV. 

 

RR before and after the session was on average within the normal 

range and did not change significantly. RR> 20 / min was recorded 

only in 3 (5.4%) patients at the outcome and in 2 (3.6%) patients 

after the session.  

Ta
b

le
 1

. C
h

an
ge

s 
in

 s
o

m
e 

in
d

ic
at

o
rs

 o
f 

ga
s 

ex
ch

an
ge

 a
n

d
 p

ar
am

et
er

s 
o

f 
ex

te
rn

al
 r

es
p

ir
at

io
n

 in
 c

ar
d

ia
c 

su
rg

e
ry

 p
at

ie
n

ts
 in

 t
h

e 
p

o
st

o
p

er
at

iv
e 

p
er

io
d

 d
u

ri
n

g 
vi

b
ro

ac
o

u
st

ic
 lu

n
g 

m
as

sa
ge

 

w
it

h
 t

h
e 

P
er

cu
to

n
 d

ev
ic

e
 

р
 

-0
.0

5
3

 

<0
.0

0
1

 

<0
.0

0
1

 

<0
.0

0
1

 

<0
.0

0
1

 

0
.2

0
5

 

0
.5

3
2

 

0
.0

0
2

 

<0
.0

0
1

 

<0
.0

0
1

 

0
.8

3
 

U
p

p
e

r 
9

5
%

 c
o

n
fi

d
e

n
ce

 

in
te

rv
al

 

0
.0

2
 

2
8

.6
 

-2
.5

 

6
.5

 

0
.3

 

0
.1

 

2
.5

 

-1
.3

5
 

6
0

0
 

-1
.0

 

1
.5

 

Lo
w

e
r 

9
5

%
 c

o
n

fi
d

e
n

ce
 

in
te

rv
al

 

-0
.0

1
 

1
4

.3
 

-4
 

3
.5

 

-0
.1

 

-0
.3

 

1
.5

 

-5
.2

 

4
0

0
 

-1
.5

 

-0
.5

 

A
ve

ra
ge

 d
if

fe
re

n
ce

 

-0
.0

1
 

2
1

.5
 

-3
.5

 

5
 

1
 

0
.1

5
 

0
.5

 

3
.5

 

5
0

0
 

1
.5

 

0
.1

 

1
5

 m
in

 a
ft

e
r 

th
e

 

se
ss

io
n

 

7
.3

2
±0

. 

3
7

4
±3

.1
 

3
5

.7
±3

.6
5

 

7
8

.5
±1

0
.4

 

9
6

.0
±2

.3
9

 

1
3

.6
±3

.6
 

2
7

.5
±1

0
.5

 

1
1

.0
±8

.2
 

1
5

0
3

.6
±8

6
2

.6
 

0
.6

4
±0

.8
 

1
8

.1
±2

.0
 

B
e

fo
re

 t
h

e
 s

e
ss

io
n

 

7
.3

1
±0

.9
9

 

3
5

2
±5

.8
 

3
9

.0
±4

.4
1

 

7
4

.1
±9

.4
 

9
5

.0
±2

.1
5

 

1
3

.5
±3

.7
 

2
6

.7
±1

0
.6

 

1
3

.7
±7

.2
 

1
0

4
3

.6
±7

4
7

.6
 

0
.0

4
±0

.1
9

 

1
8

.0
±2

.5
 

In
d

ic
at

o
r 

p
H

 

P
 /

 f
 in

d
ex

, m
m

 H
g 

P
aC

O
2

, m
m

H
g 

P
aO

2
, m

m
H

g 

Sa
tO

2
, %

 

C
aO

2
, v

o
l. 

%
 

P
(A

–a
)O

2
, m

m
H

g 

Q
s/

Q
t,

 %
 

M
ax

im
u

m
 in

sp
ir

at
o

ry
 v

o
lu

m
e,

 m
l 

Sp
u

tu
m

 d
is

ch
ar

ge
, p

o
in

ts
 

N
u

m
b

e
r 

o
f 

b
re

at
h

s 
p

er
 m

in
u

te
 



 FUNDAMENTAL RESEARCH AND INTERDISCIPLINARY TECHNOLOGIES 

 130 CLINICAL AND EXPERIMENTAL SURGERY 

Discussion 
 The frequent development of postoperative complications in the 

respiratory system in cardiac surgery patients is well known. An 

increase in the risk of their occurrence is noted with prolonged 

cardiopulmonary bypass, large blood transfusions, prolonged 

mechanical ventilation, intraoperative lung injuries, etc. In addition, 

among cardiac surgical patients, there is a large percentage of 

patients with such preoperative risk factors for postoperative ARF, 

such as obesity, COPD, especially in moderate and severe, 

bronchial asthma, chronic heart failure and pulmonary 

hypertension [3, 4, 6, 8–12]. 

 

Experimental studies have shown that at the initial stages of 

cardiac surgery, microatelectasis is detected, which violates the 

ventilation-perfusion ratio in the lungs. During and after cardiac 

surgery, X-ray negative microatelectasis can cover a significant part 

of the lung tissue (up to 50%), increasing intrapulmonary blood 

shunting (Qs / Qt) and relative arterial hypoxemia [20-22]. 

 

Satisfactory oxygenating function of the lungs is a prerequisite for 

early activation after cardiopulmonary bypass surgery. The 

problem of preventing pulmonary complications, respiratory 

rehabilitation and early activation of patients after cardiac surgery 

is currently of great importance. Various methods are proposed for 

these purposes, but they are not yet well studied and covered in 

the literature. 

 

There are several methods aimed at clearing the airways in patients 

with increased sputum production and broncho-obstructive 

syndrome. These include incentive spirometry, which has a positive 

effect on the oxygenating function of the lungs: it has been shown 

to be effective in the prevention and treatment of atelectasis of the 

lung tissue after various surgical interventions, primarily in cardiac 

and thoracic patients [22, 23]. 

 

Positive expiratory pressure therapy was developed in the late 20th 

century. and was introduced in the United States as an alternative 

to conventional physiotherapy [16], and PEEP devices with a 

vibration component are widely used to treat patients with 

respiratory diseases and to train breathing in the postoperative 

period. Small clinical studies have shown improvements in 

tracheobronchial clearance and patient comfort with PEEP devices 

compared to standard physiotherapy methods [24, 25] 

 

In the literature, there are reports on the use of external high-

frequency compression devices (vests) for respiratory 

rehabilitation to cleanse the airways using forced high-frequency 

low-amplitude chest oscillations (up to 25 times per second). This 

system consists of an inflatable vest and a compressor that 

generates air pulses. The compressor inflates the vest, rapidly 

changing the air pressure in it. Due to this, a rhythmic squeezing 

effect is exerted on the patient's chest, imitating natural coughing 

movements. Several studies [26, 27] report that such a device 

improves the passage of sputum during coughing in patients with 

chronic pulmonary fibrosis, helps to stabilize or improve the 

oxygenating function of the lungs. 

 

The amount of published information on the use of the above 

methods in cardiac surgery patients is very limited, more research 

is needed to determine the effectiveness of respiratory 

physiotherapy devices and their place in the prevention and 

treatment of respiratory complications. 

 

In our work, we used the vibroacoustic method of lung massage 

using the Percuton apparatus. This is a fundamentally new method 

of vibroacoustic massage of the lungs using a device that, through 

special emitters, affects the lung tissue. Depending on the selected 

program, the signal can cause the effect of percussion, soft 

vibration, smooth alternation of the acoustic signal and vibration, 

and their combinations. The device is effective in the treatment of 

both obstructive and restrictive lung pathologies. An important role 

is given to the prevention of diseases of the respiratory system, 

which can contribute to the early prevention of the development 

of pulmonary complications, especially in cardiac surgery patients, 

in patients with a predisposition to pulmonary diseases or with 

chronic pulmonary pathology. In obstructive pathology, the 

apparatus improves sputum passage, stimulates its drainage, and 

improves bronchial permeability. 

 

The analysis of the data obtained by us on the use of vibroacoustic 

lung massage in cardiac surgery patients showed its good 

effectiveness and tolerability. This is confirmed by the positive 

effect of the session both on the indicators of external respiration, 

and on some indicators of gas exchange. 

 

We used spirometry as one of the methods of monitoring the work 

of vibroacoustic massage. A significant increase in the maximum 

inspiratory volume on average in the group by 44.1% and an 

Table 2.  Change in the maximum inspiratory volume in cardiac surgery patients (55 people) before and after a session of 

vibroacoustic massage with the apparatus Percuton 

Maximum inspiratory volume, ml Number of patients and % of the 

total number before the session 
Number of patients and % of the 

total number after the session 
р 

200–500 18 (32,7) 4 (7,3) >0,05 

>500–800 10 (18,2) 12 (21,8) >0,05 

>800–1200 9 (16,4) 10 (18,2) >0,05 

>1200–1500 10 (18,2) 4 (7,3) >0,05 

>1500 8 (14,5) 25 (45,4) <0,01 
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increase of more than 3 times in patients with MIV >1500 ml may 

indicate an increase in the volume of ventilated lung tissue. 

 

Considering that almost half of the patients included in the study 

(43.6%) note a positive dynamics of sputum discharge after the 

session (p <0.001), we can talk about the positive effect of 

vibroacoustic massage of the lungs on its passage. These effects are 

close to those obtained with the use of vibrating vests and 

oscillatory therapy with positive end-expiratory pressure (PEEP-

therapy), which help to cough up sputum and help stabilize or 

improve oxygenating lung function in patients of various profiles 

(surgical, in patients with chronic bronchiectasis and obstructive 

disease. lungs) [24-29]. 

 

We have also demonstrated a positive effect of vibroacoustic 

massage on gas exchange indicators, as evidenced by a significant 

increase in the level of partial pressure of O2 in arterial blood and 

the p / f index to 6.1% with a simultaneous decrease in PaCO2 by 

11.4% with an increase in blood oxygen saturation (p < 0.001). In 

addition, the significant (p = 0.002) decrease in intrapulmonary 

shunting of blood by 19.7% obtained after vibromassage with an 

increase in MIR can be explained by an improvement in airway 

patency and the volume of ventilated alveoli, which is confirmed by 

the data of other authors. 

 

Thus, the work [22] showed the high effectiveness of incentive 

spirometry as a preventive measure for postoperative reduction of 

oxygenating lung function (OLF) due to a violation of the ventilation-

perfusion ratio. The authors showed that incentive spirometry 

performed in the early postoperative period has a positive effect on 

gas exchange and external respiration function, since in 98% of 

cases it increases MIV by an average of 0.5±0.04 litres and 2-fold 

reduces the frequency of episodes of p/f index decline after 

operations with IR, which may indicate a decrease in alveolar 

microatectasis. 

 

Thus, our data have shown that the effectiveness of incentive 

spirometry can be significantly increased when combined with 

vibroacoustic massage of the lungs. It has been proven that the 

latter has a positive effect on the oxygenating function of the lungs 

and can further shorten the rehabilitation period for patients after 

cardiac surgery. Further comparative studies of the effectiveness of 

vibroacoustic massage of the lungs and other methods of 

respiratory rehabilitation are needed. 

 

Conclusion 
1. Difficulties in sputum evacuation during coughing in the 

early stages after tracheal extubation are observed in 96.4% of 

cardiac surgery patients. Vibroacoustic massage of the lungs with 

the Percuton apparatus is accompanied by a significant 

improvement in the passage of sputum. After the session, the 

indicator of efficiency of sputum coughing increased on average 

from 0.04 ± 0.19 to 0.64 ± 0.79 points (p <0.001). 

2. As a result of vibratory massage, the number of patients 

with MIV <500 ml decreased from 32.7 to 7.3%, and with MIV> 

1500 ml increased from 14.5 to 45.1% (p <0.001). The statistically 

significant increase in MIV obtained after vibration massage by an 

average of 44.1% (p <0.001) along with a 19.7% decrease (p = 0.02) 

in the fraction of intrapulmonary shunting may indicate an 

improvement in alveolar ventilation. 

3. Vibroacoustic lung massage was accompanied by an 

improvement in gas exchange indicators, as evidenced by a 

statistically significant increase in the partial pressure of O2 in 

arterial blood and the p/f index, while reducing PaCO2 and 

increasing blood oxygen saturation.
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