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We report the results of a long-term comparative trial of physiotherapy by the positive

expiratory pressure (PEP) technique with a PEP mask (Astra Meditec) versus conven-

tional postural drainage and percussion (PD&P). Forty patients, ages 6 to 17 years,

with Shwachman scores between 52 and 93, attending the cystic fibrosis clinic were en-

rolled in the study and randomly assigned to one of two groups. Group A (control)

continued to perform physiotherapy by using PD&P for a 1-year period, whereas pa-
tients assigned to group B performed physiotherapy with the PEP technique for the
same period. Compliance with physiotherapy was closely monitored for both groups
throughout the study. Clinical status and pulmonary function (forced vital capacity
[FVC], FEV,, and FEF,, ,;) were measured at 3-month intervals. Group B (PEP)
demonstrated improved pulmonary function in all parameters as measured by change
in percent predicted value for age, gender, and height. The changes in pulmonary func-
tion over the study period were: FVC, +6.57; FEV,, +5.98; and FEF,; -, +3.32. This
improvement was significantly different from that of group A (PD&P) whose pulmo-
nary function declined in all parameters (FVC, -2.17; FEV,, -2.28; FEF,, ., -0.24).
The differences between treatment groups were statistically significant for the changes
in FVC (p = 0.02) and FEV| (p = 0.04). Our results indicate that for our patients with
cystic fibrosis, pulmonary physiotherapy with the PEP technique was superior to con-

ventional physiotherapy with the PD&P technique. (J Pediatr 1997;131:570-4)

Since the 1950s, the standard treatment in
North America for pulmonary manifesta-
tions of cystic fibrosis has used the physio-
therapy techniques of postural drainage,
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percussion, deep breathing, vibration, and
cough.! These techniques, often collectively
called conventional physiotherapy or pos-
tural drainage and percussion therapy, are
designed to improve the clearance of viscous
secretions from the lungs. Although there is
good evidence for the efficacy of PD&P in
cystic fibrosis, 2t there are significant prob-
lems with the use of this therapy. The time
required, the need for assistance from a sec-
ond party, and the discomfort that many ex-
perience during therapy all contribute to a
bigh degree of noncompliance, which may
be more than 40%.”8 Hypoxia may be a sig-
nificant problem during PD&P in patients
with CF and severe lung disease®1?; and as-
piration from gastroesophageal reflux may

occur during the head-down postural
drainage positions.!! Therefore various al-
ternative airway clearance techniques have
been advocated; unfortunately, few have
been adequately evaluated, and there have
been no long-term comparative trials with
PD&P as the standard of care.!?

See editorial, p. 506.

Positive expiratory pressure was initially
used postoperatively as a method to rein-
flate collapsed parts of lungs by increasing
collateral ventilation.}314 However, it was
also found to have a secretion removal ef-
fect. Falk et al.!% combined this with forced
expiration (huffing) and coughing to mobi-
lize secretions, thus developing the PEP
technique. Studies have shown that physio-

therapy with PEP is at least as effective as
conventional PD&P in mobilizing secre-
tions in patients with CF1520 PEP can be
performed without aid from a second party
and is effective without need for postural
drainage (head-down) positions.!%!81° PEP
physiotherapy therefore appears to offer po-
tential advantages for patients with CE.!? In
the study reported here, we have deter-
mined whether PEP mask physiotherapy in
the long term is as effective as conventional
PD&P therapy currently in use in North
America.
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METHODS

Subjects

Forty patients with CF, aged 6 to 17
years, were enrolled in the study after in-
formed consent was obtained as approved
by the University of British Columbia
Ethical Review Committee. The diagnosis
of CF was confirmed by sweat test with
the Gibson-Cooke method.?! At entry to
the study all patients were judged to be
competent and compliant in performing
daily conventional PD&P physiotherapy
at home. This was based on the clinical
impression from long-term follow-up at
the CF clinic, repeated assessment of the
patient’s knowledge of physiotherapy
techniques, and the patient’s reported ad-
herence to physiotherapy at home.
Patients also had to be competent in per-
forming pulmonary function tests. At
entry to the study each patient’s condition
was stable as judged by clinical evalua-
tion, chest radiograph, and pulmonary
function. No patient entered the study
during or within 1 month of discharge
from hospital or use of intravenous antibi-
otics or other intensive therapy for a pul-
monary exacerbation. No study patient
was receiving DNase or inhaled antimi-
crobials during the study period. Patients
using inhaled B,-bronchodilators or in-
haled corticosteroids before commence-
ment of the study were advised not to
change any of these treatments during the
1-year study period.

Study Design

To provide balanced study groups, we
paired patients according to their FEV,
(within 15% of predicted value), sex, and
age (within 3 years). Subjects within each
pair were randomly assigned by computer
to either group A or group B (Table I).
Group A continued their prestudy chest
physiotherapy using PD&P, and group B
replaced their prestudy PD&P treatment
with the PEP method. The study period
was | year. On entering the study and at 3-
month intervals, each patient had a full
clinical assessment, including Shwachman
performed at the CF
clinic by physicians blinded to the method

and Huang scores,?2

of physiotherapy the patient was perform—
ing. Sputum specimens for bacteriologic
culture were obtained. Pulmonary func-

; fqr FV FEV|, and FEF25 75 are ¢
: puimonary functmn test results are express

tion was determined by using standard-
ized equipment, and results are reported
as percent predicted value for age, gender,
and height. The pulmonary function tech-
nician was also blinded as to which
method of physiotherapy the patient was
performing. The following indices were
measured: forced wvital capacity, FEVI,
and FEF,; ;.. A chest radiograph was
taken at the beginning and end of the
study, and results were reported by a radi-
ologist blinded to the study. Chest radi-
ographs were also scored by using the
Brasfield scoring system® by two clinic
physicians in consultation with the radiol-
ogist, who were blinded to the patient’s
name, date of radiograph, and method of
physiotherapy. Patients kept a daily
record of treatment adherence and com-
pleted a monthly questionnaire. This ques-
tionnaire was used to record physical ac-
tivity level, how the patient was feeling,
amount of cough, sputum productivity,
and patient’s impression of the physiother-
apy technique he or she was performing or
adverse reaction to the technique; and 1t
summarized compliance or reasons for
noncompliance with physiotherapy. A
level of less than 85% compliance with
performance of twice daily physiotherapy
over a 1-month period was considered the
end point for noncompliance and a reason
for the patient to be removed from the
study. Patients were instructed to main-
tain their prestudy level of physical activ-
ity throughout the study period.

The primary outcome measured was
the change in FEV, standardized for per-
centage predicted for gender, age, and
height.?¥ Secondary outcomes measured

were FVC, FEF. 2575 number of hospital-
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- Table I. Characteristics of patients on enroliment

as pe cent predmted based on age, gender, and helght

1zations, Shwachman and Huang scores,
chest radiographs, and the patients' own
evaluation of the technique.

Statistical analysis was carried out by
using the Statistical Analysis Systems
SAS/PC program® and the nonparamet-
ric routine in the NCSS computer pro-
gram. Least squares regression was used
to calculate the slope for rates of decline in
each pulmonary function parameter and
clinical score for each patient. A two-
tailed ¢ test for independent groups was
then used to compare the mean slopes of
decline. The significance level was set at
0.05 before the study. The secondary out-
come of number of hospitalizations was
analyzed by using a sign test.

Treatment Techniques

CONVENTIONAL PD&P

During PD&P the patient assumed
each of five or six postural drainage posi-
tions. In each position the chest wall was
percussed for 3 to 5 minutes, followed by
deep-breathing exercises combined with
vibration on expiration, forced expira-
tions, and vigorous coughing.?%? This re-
quired an average of 5 to 7 minutes to be
spent in each PD&P position. Completion
of this sequence for all drainage positions
required approximately 30 minutes and
was repeated twice daily. This regimen
conforms to international standards®62”
and to standard practice as reported by
over 80% of North American CF centers
(Mcllwaine. Unpublished data).

PosiTivE EXPIRATORY PRESSURE

Physiotherapy by PEP was performed
as described by Falk et al, 1626 using the
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Fig. 1. Comparison of change in percentage predicted for pulmonary function parameters over a 12-
month period between group A, performing PD&P and group B, performing PER

Astra Meditec PEP set as follows. The
PEP system consists of a mask and a one-
way valve to which a resistor is attached
at the expiratory orifice. A manometer in-
serted just proximal to the expiratory re-
sistor was used to determine which resis-
tor would create a steady PEP of 10 to 20
cm H,O during the middle part of expira-
tion. This was the resistor the patient then
used during treatment. Treatment was
carried out in a sitting position; the patient
breathed in and out through the mask 15
times (approximately 2 minutes). Depth
of inspiration was tidal volume, and expi-
ration was slightly active against the
mask. The patient then removed the mask
and performed two or three forced expi-
rations, followed by a cough to clear se-
cretions that had been mobilized to the
central airways. This was followed by a 1-
to 2-minute period of relaxed controlled
breathing. The above sequence was re-
peated six times and required approxi-
mately 20 minutes to complete. The pa-
tient was instructed to perform the
regimen twice daily.

RESULTS

Between January and April of 1994, 40
patients (22 boys), aged 6 to 17 years,
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were enrolled in the study and randomly
assigned to either group A or B (Table I).
The patients in both groups were evenly
matched for pulmonary function and age.
A broad range of pulmonary dysfunction
was represented (FEV1 , 37% to 115% of
predicted value). Thirty-six patients com-
pleted the 1-year study period. Two from
each group dropped out because of non-
compliance with treatment (performance
of prescribed physiotherapy regimen less
than 85% of the time) or nonattendance at
clinic. There were no reported adverse ef-
fects from use of the PEP mask. No pa-
tient in either group had pneumothorax.
Other adjunctive therapies at home re-
mained stable, with 45% in group A and
35% in group B using inhaled B2-bron-
chodilators
Twenty-five percent of patients in group
A and 5% in group B used inhaled corti-
costeroids after physiotherapy.

before

physiotherapy.

The change in pulmonary function dur-
ing the study period was determined from
the regression slope over the study period
for each pulmonary function parameter
(FVC, FEVL and FEF,, ., measured at
3-month intervals. In group A pulmonary
function declined in all parameters,
whereas in group B (who performed
PEP) improvement in all pulmonary
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function parameters was demonstrated
(Fig. 1). This improvement achieved sta-
tistical significance for FVC (p = 0.02) and
FEV, (o = 0.04).

The number of hospitalizations was not
significantly different (11 for group A and
13 for group B). No patient was receiving
home intravenous antibiotic therapy dur-
ing the treatment period. There were no
significant differences between the groups
with respect to prestudy and poststudy
Shwachman and Huang scores, chest ra-
diograph reports, or changes in bacterio-
logic cultures. In addition, there was no
significant difference between the two
groups with respect to prestudy Brasfield
scores (7:00/25 [PD] 8:02/25 [PEP]) or
to the change in score after study (0.37 =
1.80 [PD] vs 0.37 + 1.86 [PEP], p = 1.0).
Patients in group B (PEP group) who
had performed PD&P as their prestudy
physiotherapy technique reported on the
patient questionnaire that they preferred
using PEP. Subjectively, they felt PEP
mobilized greater quantities of mucus
than PD&P and was easier to perform.
The levels of compliance as recorded by
the patients were 92% in group A and
96% m group B.

DiSCUSSION

Our results indicate that physiotherapy
with the PEP technique was significantly
superior to PD&P in maintaining or im-
proving pulmonary function in patients
with CF. In the group performing PD&P,
the annual rate of decline in pulmonary
function (FEV| of —2.28% predicted per
year) was similar to the reported North
American rate of decline (FEV, of —2%
predicted per year [S. Fitzsimmons, The
American CF Registry; personal commu-
nication, July 1996). Reisman et al.® also
reported a similar rate of decline (FEV, of
—1.9% predicted per year) in their PD&P
group during a 3-year study in which
PD&P was compared with huffing alone.
In the latter study PD&P was found to be
superior, because when PD&P was dis-
continued in favor of huffing alone, F EV1
fell by —4.7% predicted per year. In our
study the group performing PEP showed
an improvement in all pulmonary func-
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tion parameters measured, (FVC,
+6.57%; FEV,, +5.98%; FEF,, .., +3.3%
predicted per year). These results suggest
that PEP is a superior form of physiother-
apy for patients with CF and should be
considered an important advance in the
management of pulmonary manifestations
of CE.

The physiologic theories on which PEP
therapy are based suggest that it may
help mobilize peripheral lung secretions
more than conventional physiotherapy. In
our previous studies we found that PEP
produced more secretions than PD&P,
though this difference did not reach statis-
tical signiﬁcance.ZO Groth et al.28 demon-
strated that the application of PEP re-
duced the volume of trapped gas in
patients with CF and promoted a more
even intrapulmoenary distribution of venti-
lation as a result of opening up of regions
that were otherwise closed off during tidal
volume breathing. Although we did not
measure the volume of trapped gas in this
study, it can be hypothesized that the in-
creases in FVC and FEV| may be due to
decreases m air trapping, as well as de-
creases In airway obstruction. In these pa-
tients airway obstruction can also cause
airways to close during expiration as a re-
sult of the Bernoulli effect, causing an in-
creased pressure gradient. Positive intra-
luminal pressure prevents airway collapse
and allows expiratory airflow to move the
secretions centrally. Forced expirations
are then used to mobilize secretions to
where they may be effectively expecto-
rated.

Although we could not mask (“blind”)
the patient or physiotherapist as to which
technique the patient with CF was per-
forming, the clinic physicians assessing
the patients and the respiratory therapist
performing the pulmonary function tests
were blinded as to which physiotherapy
technique the patients were using. We
also controlled for compliance (or adher-
ence); two patients were withdrawn from
the study because they did not meet the
85% compliance level.

The patients in this study also reported
in their questionnaire a preference for
PEP over PD&P; this was matched to su-
perior efﬁcacy, demonstrated by im-
proved FVC and FEV.

The number of positions used for PD
(five to six) and the 3 to 5 minutes for per-
cussion conformed to the “standard” for
PD&P, as determined from a survey in
1993 of CF centers across North America
(Mcllwaine. Unpublished data). Of 81
centers that responded to this survey, 81%
used 3 to 5 minutes of percussion in each
position, 9% used less than 3 minutes, and
10% used more than 5 minutes; 60% of
centers used four to eight postural
drainage positions per session, with 20%
using fewer than four positions and 20%
using more than eight positions. We
therefore consider the PD&P used in this
study as conforming to standard proce-
dures used in North America.

In considering the results of this long-
term study, it is important to note the spe-
cific equipment used for PEP therapy and
the specific technique (i.e., 15 breaths, fol-
lowed by forced expirations and relaxed
controlled breathing). Some authors have
suggested that PEP alone did not always
clear the secretions adequately. However,
in these studies either PEP was per-
formed for fewer than 10 breaths, or it
was not combined with forced expira-
tions. In our study we applied the same
PEP technique and equipment as devel-
oped by Falk et al.!% since these original
studies, 2629 o variety of modifications to
the original PEP techniques and mask
have been suggested. These modifications
may affect treatment performance, as well
as outcome, and warrant separate investi-
gation.

An oscillating PEP device called “the
flutter device” has also been advocated as
an alternative to PD&P. It combines PEP
with an oscillation in the airflow, which is

presumed to assist in the loosening of

"mucus from airway walls. Konstan et al.30

demonstrated a threefold increase in
mucus expectoration with the flutter de-
vice compared with cough alone or with
only 1 minute of percussion in postural
drainage positions. However, it was not
compared with the standard PD&P as
used in our study. To date, no studies have
been conducted to assess the effect of os-
cillation on the airway walls, and there is
some concern that it may cause hyper—
secretion of mucus as a result of airway ir-

ritability.
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In conclusion, PEP physiotherapy, per-
formed as described in this study, is supe-
rior to PD&P physiotherapy in maintain-
ing pulmonary function in patients with
CF. The PEP technique appears to be
preferred by patients with CF; it requires
less time to perform, and assistance from
a second person is not required. Regular
use of PEP as described should be con-
sidered an important advance in the man-
agement of the pulmonary manifestations

of CF.

We acknowledge with thanks the belp of Joyce
Schmidt, Anna Gravelle, and Sharon Gyorgy
Srom the Division of Biochemical Diseases and
Cyutic Fibrosis Clinic and the assistance of the
Phygiotherapy ostaff at B.C.s Childreny
Hoapital.

REFERENCES

1. Matthews LW, Doershuk CF, Wise M,
Eddy G, Nudelman H, Spector S. A thera-
peutic regimen for patients with cystic fi-
brosis. J Pediatr 1964;65:558-75.

2. Desmond KJ, Schwenk WF, Thomas E,
Beaudry PH, Coates AL. Immediate and
long-term effects of chest physiotherapy in
patients with cystic fibrosis. J Pediatr
1983;103:538-42.

3. Techlin JS, Holsclaw DS. Evaluation of
bronchial drainage in patients with cystic fi-
brosis. Phys Ther 1975;55:1081-4.

4. Lorin MI, Denning CR. Evaluation of pos-
tural drainage by measurement of sputum
volume and copsistency. Am J Phys Med
Rehabil 1971;50:215-9.

5. Rossman CM. Effect of chest physiothera-
py on the removal of mucus in patients with
cystic fibrosis. Am Rev Respir Dis
1982;126:131-5.

6. Reisman JJ, Rivington-Law B, Corey M,
Marcotte J, Wannamaker E, Harcourt D,
et al. Role of conventional physiotherapy in
cystic fibrosis. 1988;113:632-6.

7. Muszynski-Kwan AT, Perlman R,
Rivington-Law BA. Compliance with an ef-
fectiveness of chest physiotherapy in cystic
fibrosis: a review. Physiother Can 1988;
40:28-30.

8. Passero M, Remor B, Salomon J. Patient
reported compliance with cystic fibrosis
therapy. Clin Pediatr 1981;20:264-6.

9. McDonnell T, McNicholas WT, Fitzgerald
MX. Hypoxemia during chest physiothera-
py In patients with cystic fibrosis. Ir J Med
Sa1 1986;1556:345-8.

10. Pryor J, Webber BA, Hodson ME. Effect
of chest physiotherapy on oxygen satura-
tion in patients with cystic fibrosis. Thorax

1990;45:77.

573



MCILWAINE ET AL.

11.

12.

13.

14.

15.

le.

17.

18.

574

Vandenplas Y, Dievic A, Blecker U. Esoph-
ageal pH monitoring data during chest
physiotherapy. J Pediatr Gastroenterol
Nutr 1991;13:23-6.

Davidson AGE Mcllwaine M. Airway
clearance techniques in cystic fibrosis. New
Insights into Cystic Fibrosis 1995;3:6-11.
Paul WPL, Downes JB. Postoperative at-
electasis, IPPB, intermittent positive pres-
sure breathing incentive spirometry and
face-mask positive end-expiratory pressure.
Arch Surg 1981;116:861-3.

Anderson JB, Quist I, Kenni T. Recruiting
collapsed lung through channels with posi-
tive end-expiratory pressure. Scand J
Respir Dis 1979;60:260-6.

Falk M, Kelstrup M, Anderson JB,
Kinoshita T, Falk P, Stovring S, et al.
Improving the ketchup bottle method with
positive expiratory pressure (PEP). Eur J
Respir Dis 1984;65:423-32.

Tonnesen P, Stovring S. Positive expiratory
pressure (PEP) as lung physiotherapy in
cystic fibrosis, a pilot study. Eur J Respir
Dis 1984;65:419-22.

Tyrrell JC, Hiller EJ, Martin J. Face mask
physiotherapy in cystic fibrosis. Eur Dis
Child 1986;61:598-600.

Hofmeyer JL, Webber BA, Hodson ME.

Evaluation of positive expiratory pressure

19.

20.

21.

22.

23.

24.

as an adjunct to chest physiotherapy in the
treatment of cystic fibrosis. Thorax 1986;
41:951-4.

Steen HJ, Redmond AOB, O'Neill D,
Beattie F. Evaluation of the PEP mask in
cystic fibrosis. Acta Pediatr Scand 1991;
80:51-6.

Davidson AGE Mcllwaine PM, Wong
LTK, Nakielna EM, Pirie GE. Comparative
trial of positive expiratory pressure, auto-
genic drainage and conventional percussion
and drainage techniques [abstract 137]. Pe-
diatr Pulmonol 1988;(suppl 2):152.

Gibson LE, Cooke RE. A test for concen-
tration of electrolytes in sweat in cystic fi-
brosis of the pancreas utilizing pilocarpine
by iontophoresis. Pediatrics 1959;23:545-9.
Shwachman H, Kulcyncki LL. Long-term
study of one hundred patients with cystic fi-
brosis made over a five to fourteen year pe-
riod. Am J Dis Child 1958;96:6-15.
Brasfield D, Hicks G, Soong S. Evaluation
of scoring system of the chest radiograph in
cystic fibrosis: a collaborative study. Am J
Respir 1980;134:1195-8.

Knudson RJ, Lebowitz MD, Holdberg
CJ, Burrows B. Changes in the normal
maximal expiratory flow-volume curve
with growth and aging. Am Rev Respir Dis
1987;136:1285-98.

25.

26.

27.

28.

29.

30.

THE JOURNAL OF PEDIATRICS
OcroBer 1997

SAS/STAT users guide. Vol 2, Version 6, 6th
ed. Cary (NC): The SAS Institute; 1989.
Physiotherapy in the treatment of cystic fi-
brosis. International Physiotherapy Group
for Cystic Fibrosis. International Cystic
Fibrosis Mucoviscidosis Association, 1995.
(Available from: Aisha Ramos, Secretary,
International Cystic Fibrosis (Mucoviscid-
osis) Association (ICF{M}A), Av. Campanar
106 - 6* 46015 Valencia - Spain. E-mail:
aramos.fq@vlc.servicom.es)

Humberstone N. Respiratory assessment
and treatment. In: Irwin, Tecklin, editors.
Cardiopulmonary physical therapy. St.
Louis: Mosby; 1990. p. 310-6.

Groth S, Stafanger G, Dirksen H, Anderson
JB, Falk M, Kelstrup M. Positive expira-
tory pressure (PEP-MASK) physiotherapy
improves ventilation and reduces volume of
trapped gas in cystic fibrosis. Eur Phys-
iopathol Respir 1985;21:339-4.
Mahimeister MJ, Flink JB, Huffman GL.
Positive expiratory pressure mask therapy
theoretical and practical considerations and
a review of the literature. Respir Care
1991;36:1218-29.

Konstan MW, Stern RC, Doershuk CF.
Efficacy of the flutter device for airway
mucus clearance in patients with CF. J

Pediatr 1994;124:689-93.

FELLOWSHIPS

Fellowships available in pediatric subspecialties and those for general academic pediatric
training are listed once a year, in January, in The Journal of Pediatrics. Each June, forms for
listing fellowships available for the academic year beginning 18 months after publication are
sent to the Chairman of the Department of Pediatrics at major hospitals in the United States
and Canada. In addition, a copy of the application form appears in the July, August, and
September issues of The Journal (please use the current form). Should you desire to list fel-
lowships, a separate application must be made each year for each position. All applications must
be returned to Mosby—Year Book, Inc., by October 156 preceding the listing year to ensure
publication. Additional forms will be supplied on request from the Journal Editing
Department, Mosby—Year Book, Inc., 11830 Westline Industrial Drive, St. Louis, MO 63146-
3318 (phone: 800-325-4177, ext. 2838, or 314-579-2838).




