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| ABSTRACT |

Background: Patients with chronic obstructive
pulmonary disease (COPD) have chronic airflow
limitation leading to increase the resistance to
airflow and gas trapping which results in
ventilation/perfusion mismatch and hypoxemia.
Purpose of the Study: To investigate the effect of
short term positive expiratory pressure (PEP)
breathing on arterial partial pressure of oxygen
(P,0,) and arterial partial pressure of carbon
dioxide (P,CO,) in patients with moderate COPD.
Subjects and Methods: Forty patients with
moderate COPD from both genders (30 males and
10 females) were recruited to participate in the
study. They were divided into study and control
groups each comprised 20 patients. The study
group have received training with threshold PEP
device twice daily for two weeks with 10-20
cmH,0 pressure and both groups continued their
medications throughout the study period. Arterial
P.O, and P,CO, were measured before beginning
and after finishing the program in both groups.
Results: Improvement of arterial P,0, and P,CO,
were observed in the study group at the end of the
study (P-value < 0.05) with no change in the
control group (P-value > 0.05). On comparing the
mean values of arterial P,0, and P,CO, between
both groups a statistical significant difference was
observed (P-value < 0.05) at the end of the study
in favor of the study group with 8.05% and 0.36%
increase in P,0,and 6.65% and 0.35% decrease in
P.CO; in study and control group respectively.
Conclusion: Short term PEP breathing training in
patients with COPD improves the arterial P,0,
and P,CO, and helps in controlling the hypoxemia.
Key words: Chronic obstructive pulmonary
disease; Positive expiratory pressure; arterial
blood gases.

| INTRODUCTION |

hronic obstructive pulmonary disease
(COPD) is a major and increasing
global health problem and among the

top-ten leading causes of  mortality
worldwide?. It has multiple components

including pulmonary inflammation, airway
remodeling and mucociliary dysfunction;
which caused by mucus hyper secretion
combined with decreased mucus transport™.
Accumulation of secretions leads to airway
inflammation  predisposing  to  airway
narrowing that increases the airflow resistance
and gas trapping. This results in
ventilation/perfusion mismatch®, which is
followed by development of hypoxemia®”.

In addition, patients with COPD usually
have dynamic pulmonary hyperinflation due to
expiratory airflow limitation, air trapping and
auto positive end-expiratory pressure leading
to increase of the total lung capacity and
functional residual capacity above their normal
levels™. With dynamic hyperinflation, the
respiratory muscles are recruited to increase
intra thoracic pressure in an effort to maintain
comparable inspiratory and  expiratory
volumes leading to increased work of
breathing and worsening of hypoxemia®
leading to exercise intolerance, limited
physical activity and poor quality of life®.

A variety of interventions are used to
enhance airway clearance with the goal of
improving lung mechanics and gas exchange’.
Positive expiratory pressure (PEP) therapy was
developed in the 1970s and has been
introduced as an alternative to conventional
physiotherapy in an effort to provide effective
secretion clearance®. PEP breathing can
mobilize secretions, help in the management
of post-operative atelectasis, and enhance the
benefits of aerosol bronchodilator delivery™.

The aim of this study was to investigate
the effect of short term PEP breathing training
on arterial blood gases (partial pressure of
oxygen (P,O) and partial pressure of carbon
dioxide (P,CO;) in patients with moderate
chronic obstructive pulmonary disease.
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| MATERIALS AND METHODS | 80% predicted according to Global Initiative

Obstructive Lung Disease (GOLD)

Subjects guidelines®. Their ages ranged from 40-60

Forty COPD patients of both genders (30
males and 10 females) participated in the study
who were diagnosed to have stable moderate
COPD (FEV1/FVC< 70% and 50% < FEV; <

years. There were no statistical significance
differences between the patients in both groups
regarding the mean of age, weight and the
height (P-value > 0.05) as shown in (Table 1).

Table (1): Demographic data of patients in both groups.

Study Group Control Group
Mean + SD Mean + SD t-value P-value
M/F (number) 17/3 13/7
Age (yrs) 52.52+4.12 52.73+3.49 0.16 0.86
Weight (Kg) 77.64 +7.58 76.4+£5.22 0.55 0.58
Height (cm) 165.44 +6.9 163.93 +7.08 0.66 0.51
SD: standard deviation, M: male, F: female, Yrs: years, Kg: kilogram,  cm: centimeter

They were selected from the outpatient
clinic of the Abasseya Chest Hospital. All
patients were medically and clinically stable
and had good mentality to follow the
instructions while patient who was medically
unstable or obese was excluded from the
study. The purpose, nature and potential risks
of the study were explained to all subjects and
a written informed consent was assigned prior
to participation. The patients were randomly
assigned to two groups of equal number; the
study and the control group (each 20 patients).
All patients in both groups continued their
medications throughout the study period while
those only in the study group received training
with the threshold positive expiratory pressure
device twice daily, three times per week for
two weeks.

Evaluation procedure

Assessment of lung function was
performed for all patients participated in the
study using electronic spirometer (VIASYS
Healthcare micro, England) prior to starting
the program to ensure that the selected patients
were met the inclusion criteria. Evaluation of
arterial blood gases (P,0, and P,CO,) level
through analysis of a blood sample taken from
either the radial artery in the wrist or the
brachial artery in the arm by acid-base
analyzer (SIEMENS 284) was performed for
all patients in both groups before beginning
the study and after finishing the training
program for the patients in the study group and
for the patients in the control group another
measure was done after two weeks.

Training by threshold positive expiratory
pressure device for the study group

The patients in the study group received
training by threshold positive expiratory
pressure device. The device consists of a
mouthpiece, a one-way valve, to which
expiratory resistances is attached and a
manometer between the valve and the
resistance, to monitor the actual value of
pressure. The training was performed while the
patient in the upright sitting position while
holding the mouthpiece tightly between the
lips and wearing a nasal clip. The expiratory
resistor was adjusted to 10-20 cm H,O. Then
the patient was asked to breathe in using the
diaphragm to the vital capacity and to hold the
breathe for 3 seconds and to gently exhale,
maintaining a prescribed pressure of 10-20
cmH,0 trying to maintain the exhalation time
approximately three times longer than
inhalation. The patient performed eight to ten
PEP breaths, and then they were encouraged to
cough as much as necessary to clear
secretions. These steps were repeated for
twenty minutes twice daily, three times per
week for two weeks>®.The practical part of
this research has been done during the months
of July and august 2012.

Statistical Analysis

Statistics were analyzed using SPSS
software package. Results are shown as the
mean + SD. Both t-tests were used to assess
significance of differences within each group
and between the two groups. Significance was
accepted as P-value < 0.05.
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RESULTS |

Statistical analysis of the pre and post
treatment measurements of P,O, showed
statistical significant difference in the study
group with P-value < 0.05 and the percentage
of improvement (increase) was 8.05%. On the

other hand the P,O, showed no statistical
significant differences between pre and post
treatment measurement in the control group
(P-value > 0.05) as the percentage of
improvement (increase) was 0.36% as shown
in (Table 2) and (Figure 1).

Table (2): Comparison of PaO2 and PaCO2 between the study and the control group pre and post the

treatment.
P.O;, P.CO,
Mean = SD Mean + SD
Pre Post Pre Post

Study group 66.06 + 1.93 71.38+1.94 39.22+£1.31 36.61 + 1.3

Control group 64.96 + 2.35 65.21 + 2.27 39.02 +£1.51 38.88+1.4

t- value 1.59 9.11 0.44 5.16

P-value 0.11 0.0001* 0.65 0.0001*
SD: standard deviation, pre: pretreatment, post: post treatment, *: significant
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Fig. (1): The mean values of PaO2 in both
groups before and after the program.

Regarding the P,CO,, there was a
statistical significant difference between pre
and post treatment measurements (P-value <
0.05) as the percentage of improvement
(decrease) was 6.65% in the study group
compared to 0.35% of improvement (decrease)
within the control group (P-value > 0.05) as
shown in (Table 2) and (Figure 2).

OPre

401 M Post

39

381

37

P.CO, (mmHg)

36+

35+

Study group

Control group

Fig. (2): Comparison between the mean values of
PaCO2 in both groups before and after the
program.

between both groups as shown in (Table II)
there were no statistical significant differences
between both groups before starting the
treatment regarding the means of P,0, and
P.CO, (P-value > 0.05) which changed into
statistical significant differences (P-value <
0.05) at the end of the study in favor of the
study group.

| DISCUSSION |

This study focuses on investigating the
effects of short term PEP breathing training on
P,O, and P,CO, in patients with COPD and
the results indicated that this form of
intervention resulted in improvement of the
P,O, and P,CO, which suggests that PEP
breathing can be wused to control the
hypoxemia and the hypercapnia associated
with those patients.

In patients with COPD, airflow
limitation, caused by obstruction of the
airways, and emphysematous alveolar

destruction leads to remodeling of the gas
exchange zone with extensive loss of alveolar
surface area and pulmonary capillaries that
leads to ventilation/perfusion mismatch, which
remains the most important cause of arterial
hypoxemia with or  without arterial
hypercapnia'’, that worsens as the disease
progresses’.
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Positive expiratory pressure (PEP)
breathing is a form of chest physiotherapy in
which the patient expires against a resistance.
There are two different methods to apply PEP:
threshold resistor devices and flow resistor
devices. In flow resistor devices, the
magnitude of the expiratory pressure is
determined by the airflow and by the applied
outflow resistor. While in pressure-threshold
devices, the patient has to establish an airway
pressure higher than the preset pressure before
expiration occurs to open the valve and
maintain a minimum pressure to keep the
valve open through the entire exhalation'®*?,

In agreement with the results of the
current study PEP breathing in patients with
cystic fibrosis improved the process of
ventilation distribution and gas exchange as
during PEP breathing, the closed airways are
opened, more residual volume was exhaled
allowing a larger inspired volume of gas
entered the lung which improve the gas
exchange*”.

PEP breathing is somewhat similar to
pursed-lips breathing in that a resistance to
expiration is applied at the mouth during
expiration which results in increased pressure
at the mouth that is transmitted to the airways
and acts to hold the airways open during
expiration. The increased airway pressure
during expiration is thought to prevent
premature airway closure and thus reduce gas
trapping in the lungs”.

The purpose of PEP therapy is to
increase the transpulmonary pressure gradient
and improve pulmonary expansion, which
consequently improves oxygenation'®. PEP
therapy allows increased amounts of air to
enter through collateral channels, facilitating
reinflation of collapsed alveoli**  and
preventing airway collapse during expiration’.
It can also reduce the dynamic hyperinflation
through prolonging the expiratory time and
decreasing the respiratory rate thereby
reducing airway closure®. PEP therapy is also
beneficial in reducing the respiratory work as
it is associated with increase in lung volume
and removal of pulmonary secretions due to
the improvement of lung collateral ventilation
and a reduction in air trapping°.

Most previous studies investigated the
effects of PEP therapy on mucus clearance and

found that the administration of PEP can
improve mucus clearance by either increasing
gas pressure behind secretions through
collateral ventilation or by preventing airway
collapse  during  expiration’, and a
recommendation was made by adding the PEP
device to the routine care of the patients with
chronic respiratory diseases as PEP device
may give independence to patients, as it can be
carried out without an assistant and is easy and
convenient in use®.

Conclusion and Recommendation

Short term PEP therapy in patients with
moderate COPD have a favorable effects on
P,O, and P,CO, which could be attributed to
opening of the closed airway allowing the
trapped air to be exhaled during the longer
time of expiration which leads to inspiration of
larger volume of gas into the lung and
consequently improved the process of gas
exchange. Therefore, it is recommended for
COPD patients to use PEP device to control
their hypoxemia.

\ REFERENCES \

1- Agusti, A.G., Noguera, A., Sauleda, J., Sala,
E., Pons, J. and Busquets, X.: Systemic effects
of chronic obstructive pulmonary disease. Eur
Respir J; 21(2): 347-360, 2003.

2- Benfield, T., Lange, P. and Vestbo, J.: COPD
stage and risk of hospitalization for infectious
disease. Chest. 134(1): 46-53, 2008.

3- Calverley, P.M. and Koulouris, N.G.: Flow
limitation and dynamic hyperinflation: key
concepts in modern respiratory physiology. Eur
Respir J; 25(1): 186-199, 2005.

4- Darbee, J.C., Kanga, J.F. and Ohtake, P.J.:
Physiologic evidence for high-frequency chest
wall oscillation and positive expiratory
pressure breathing in hospitalized subjects with
cystic fibrosis. Phys Ther; 85(12): 1278-1289,
2005.

5- Darbee, J.C., Ohtake, P.J., Grant, B.J. and
Cerny, F.J.: Physiologic evidence for the
efficacy of positive expiratory pressure as an
airway clearance technique in patients with
cystic fibrosis. Phys Ther; 84(6): 524-537,
2004.

6- Hristara—Papadopoulou, A., Tsanakas, J.,
Diomou, G. and Papadopoulou, O.: Current
devices of  respiratory  physiotherapy.
Hippokratia; 12(4): 211-220, 2008.



Bull. Fac. Ph. Th. Cairo Univ., Vol. 18, No. (1) Jan. 2013

41

7- McCool, F.D. and Rosen, M.J.:

Nonpharmacologic airway clearance therapies:
ACCP  evidence-based clinical practice
guidelines. Chest; 129: 250S-259S, 2006.

8- Padkao, T., Boonsawat, W. and Jones, C.U.:

Conical-PEP  is  safe, reduces  lung
hyperinflation and contributes to improved
exercise endurance in patients with COPD: a
randomised cross-over trial. J Physiother;
56(1): 33-39, 2010.

9- Rabe, K.F., Hurd, S., Anzueto, A., Barnes, P.J.,

Buist, S.A., Calverley, P., Fukuchi, Y.,
Jenkins, C., Rodriguez-Roisin, R., van Weel,
C. and Zielinski, J.: Global Initiative for
Chronic Obstructive Lung Disease. Global
strategy for the diagnosis, management, and
prevention of chronic obstructive pulmonary
disease: GOLD Executive Summary. Am J
Respir Crit Care Med; 176(6): 532-555, 2007.

11- Rodri’guez-Roisin, R., Drakulovic, M.,

Rodri'guez, D.A., Roca, J., Barbera, J.A. and
Wagner, P.D.: Ventilation-perfusion imbalance
and chronic obstructive pulmonary disease
staging severity. J Appl Physiol; 106: 1902-
1908, 20009.

12- Sehlin, M., Ohberg, F., Johansson, G. and

Winso, O.: Physiological responses to positive
expiratory pressure breathing: a comparison of
the PEP bottle and the PEP mask. Respir Care;
52(8): 1000-1005, 2007.

13- Su, C.L., Chiang, L.L., Chiang, T.Y., Yu, C.T.,

Kuo, H.P. and Lin, H.C.: Domiciliary positive
expiratory pressure improves pulmonary
function and exercise capacity in patients with
chronic obstructive pulmonary disease. J
Formos Med Assoc; 106(3): 204-211, 2007.

14- Sutherland, E.R. and Cherniack, R.M.:

Management of chronic obstructive pulmonary

10- Rieder, M., de, M., da Costa, A.D. and Vieira, disease. N Engl J Med; 350(26): 2689-2697,
S.R.R.:  Short-term effects of positive 2004.
expiratory airway pressure in patients being 15- Wanner, A.. Introduction. Eur Respir Rev;
weaned from mechanical ventilation. Clinics; 15(100): 59-60, 2006.
64(5): 403-408, 2009.

| el padld) |

gl juad il @M&G@j&wﬂ\ Jalall
Ao Jall Ay g ) Bl (uapa (A sulaa¥) (5 b 31 Jaral) aladiiaily

S 5 a5 o) sl 381 Ao gliall B3 ) (5330 Lae o) sgdl (3835 (6 e 3o Dy s (g0 Ake all 458 1) Bl (aim e Sl 1 BAL
) ypad il AU 0 s 1 Gl e diagdl | Al (6 b S (il Ay il 5 A el A (68 (38 55 e Ade iy
wuﬁ@&ﬂiwﬂ\goﬁﬂ\%\@G;M%@Qﬂ\&ﬂ\h@\@;‘ﬁ@y\Lﬁﬁé)l\M\ BIFENPIKEE
Ol (e B8] A sia Lia 3l Ay 55501 Badly Uiy pe gyl i) &5 1 Gaad) il ghad | 303 o sial) dia Jall 35051 3l e
G 5 A adl) Ao ganall 2l @b (s glsia (e sane () agaai a3 (pdll 5 Al all 8 AS Liall (S (e 10 5 L 5SA (e 30)
Laiy cle b jiafiis 2010 Oe s Javay (e sansl Baad L sy (0 e (Y] (5 ) larall Dl alasiinly il s
@bjupusm@hﬂ\g_u)d‘m‘w@eﬁh\)ﬂ\'&)ﬁd\}jﬂ&g\}ﬂ\CM\J}E&A&J@\}@)&ZJ‘%M‘UJ&\
Laall Ll g L sale (pun Egan il O jelal 1 @ilill) | (ytie sanall DS b iyl (g elgBY) a5 Ayl 8 ) 50 ,S) ]
@w\km\gauwm@ﬁua,%ex@@H\B@M\@wﬂ\Mi@ujwm@g)ﬂ\%ﬂ\
Gl 8 3 ga g daa ol e gamall G (e SI 2aal) S 5 a0 AN (g0 ) Jasal) Ll 45 Hlia die 5 Al jall Al die
¢ od N haall lea aladinly (saall jual il ;UG | A el de sesall pllcal Al )l dles b dileas) AV I3
_eﬂ\@@%{\uﬂa&sw\gmmjoﬁﬂ\Mi@ujwm@g}m\@F\Mmm\:@o‘w@@y\
el e qglan¥) (s ) darall e Jall Ay 5,01 Bandl (i pe 1 AdNA) cilalsl)



http://www.ncbi.nlm.nih.gov/pubmed?term=Global%20Initiative%20for%20Chronic%20Obstructive%20Lung%20Disease%5BCorporate%20Author%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Global%20Initiative%20for%20Chronic%20Obstructive%20Lung%20Disease%5BCorporate%20Author%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Global%20Initiative%20for%20Chronic%20Obstructive%20Lung%20Disease%5BCorporate%20Author%5D

