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Abstract

Although the rehabilitation of patients with chronic obstructive pulmonary disease (COPD)
improves both exercise capacity and quality of life, a standard protocol for COPD patients has not
been established. To clarify whether physiologic and quality-of-life improvements can be achieved
by an inpatient pulmonary rehabilitation program 5 days per week for 3 weeks, 18 patients with
COPD were enrolled in a rehabilitation program. The physical exercise training regimen con-
sisted of respiratory muscle stretch gymnastics and cycle ergometer exercise training. Pulmonary
function tests, an incremental ergometer exercise test, a 6-min walking test, and a quality of life
assessment by the Chronic Respiratory Questionnaire were administered before and after the pro-
gram. The peak VO2, an indicator of maximal exercise capacity, did not increase, although the
6-min walking distance, an indicator of functional exercise capacity, increased significantly after
rehabilitation. There was a significant improvement in the quality of life in terms of dyspnea, fa-
tigue, and emotional state. These findings suggest that even a 3-week program may be beneficial
for COPD patients. Increases in functional exercise capacity, even without an increase in maximal
exercise capacity, are helpful for reducing dyspnea and improving quality of life parameters in
patients with COPD.
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Although the rehabilitation of patients with
chronic obstructive pulmonary disease (COPD)
improves both exercise capacity and quality of
life, a standard protocol for COPD patients has
not been established. To clarify whether
physiologic and quality-of-life improvements can
be achieved by an inpatient pulmonary rehabilita-
tion program 5 days per week for 3 weeks, 18
patients with COPD were enrolled in a rehabilita-
tion program. The physical exercise training regi-
men consisted of respiratory muscle stretch
gymnastics and cycle ergometer exercise train-
ing. Pulmonary function tests, an incremental
ergometer exercise test, a 6-min walking test,
and a quality of life assessment by the Chronic
Respiratory Questionnaire were administered
before and after the program. The peak VO,, an
indicator of maximal exercise capacity, did not
increase, although the 6-min walking distance,
an indicator of functional exercise capacity, in-
creased significantly after rehabilitation. There
was a significant improvement in the quality of life
in terms of dyspnea, fatigue, and emotional
state. These findings suggest that even a 3-
week program may be beneficial for COPD
patients. Increases in functional exercise capac-
ity, even without an increase in maximal exercise
capacity, are helpful for reducing dyspnea and
improving quality of life parameters in patients
with COPD.
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he rehabilitation of patients with chronic obstruc-

tive pulmonary disease (COPD) is known to
improve quality of life and exercise capacity (1-3).
Although exercise training of the lower limbs is an impor-
tant element of a rehabilitation program, a standard
protocol for exercise training, including appropriate pro-
gram duration and appropriate intensity for COPD
patients, has not been established (1). In many studies,
the program duration has been more than 6 weeks (2-11).
Only a few investigators have studied exercise programs
of less than 1 month, and the question remains as to
whether a 3- or 4-week rehabilitation program is beneficial
for quality of life and physiologic function (12-14).

Pulmonary rehabilitation conventionally includes ele-
ments of physical therapy, exercise conditioning, and
education. In addition, respiratory muscle stretch gym-
nastics (RMSG) has recently been used (15). RMSG
stretches chest wall respiratory muscles during contrac-
tion and is considered to be a safe and effective physical
conditioning method.

To determine whether physiologic and quality of life
improvements can be achieved by following a 3-week
training program comprising RMSG and cycle ergometer
exercise training, a pulmonary rehabilitation program was
tested on inpatients with stable COPD.

Subjects and Methods

Subjects. Twenty-one patients with stable
COPD were entered into this study after giving informed
consent. The diagnosis of COPD was made according to
the standards of the American Thoracic Society (1). The
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entry criteria included a forced expiratory volume in 1 sec
(FEV1.0) of less than 80% of that predicted and a
FEV1.0 / forced vital capacity of less than 70%. The
predicted normal values for FEV1.0 were determined
according to the method of Berglund et al. (16). The
dosages of all medications were unchanged for at least 4
weeks before study entry and were not altered during the
course of the program. Patients with evidence of ischemic
heart disease, intermittent claudication, musculoskeletal
disorders, or other disabling diseases were excluded.

Rehabilitation program. Patients participat-
ed in an inpatient pulmonary rehabilitation program 5 days
per week for 3 weeks. The physical exercise training
regimen consisted of a respiratory muscles stretching
program, termed RMSG, designed to stretch inspiratory
muscles during inspiration and expiratory muscles during
expiration, followed by exercise on a calibrated cycle
ergometer under the supervision of a physical therapist.
Monitoring during exercise sessions involved measure-
ment of the pulse, oxygen saturation, and blood pressure
and Borg’s scale of dyspnea (17).

The exercise level for the cycle ergometer was based
on an initial cycle ergometer exercise test and allowed
patients to exercise initially at up to 50% of their maximal
cycle ergometer wattage for 20 min as tolerated by symp-
tomatic and physiologic end points. If patients could not
exercise at the prescribed work level for 20 min, the work
level was decreased by 25%, and this level was
continued. The exercise prescription was revised on a
weekly basis. Once the patient could exercise at the
prescribed work level for 20 min, the work level was
increased by 25%, and this level was continued as long as
the level was tolerable for 20 min. Supplemental oxygen
was administered during exercise sessions to patients who
demonstrated significant desaturation with exercise or
those who were using home oxygen therapy.

The 8 educational sessions covered such topics as
pulmonary pathophysiology, pharmacology of medica-
tions, relaxation and stress-management techniques, and
breathing retraining (pursed-lip breathing, expiratory
abdominal augmentation, and synchronization of thoracic
and abdominal movement) (18).

Testing. Parameters were assessed at baseline,
and evaluated before and within 1 week after completing
the rehabilitation program. Pulmonary function tests were
performed using a rolling seal spirometer (Chestac-55V,
CHEST, Tokyo). Lung volumes were determined by the
helium dilution method, and the single-breath diffusing
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capacity was measured with a single-breath diffusion
technique.

Following the pulmonary function tests, an in-
cremental ergometer test was carried out using a ramp
slope of 10 watts/min. Breath-by-breath online gas analy-
sis was performed using a respiratory gas analysis system
(Aero Monitor AE-280, Minato Medical Science, Osaka)
vyith incremental data (tidal volume, respiratory rate,
VO,, VCO, and VE) collected every 15 sec. The anaer-
obic threshold was determined by the V-slope method
(19). Patients were exercised to a symptom-limited end
point, to their predicted heart rate, or until arterial oxy-
gen saturation (SpQ,) fell below 85% according to pulse
oximetry (PULSOX-7, Minolta, Tokyo).

The patients underwent a 6-min walking test before
and after pulmonary rehabilitation. They walked indoors
as far as possible for 6 min with standardized encourage-
ment (20). Immediately after completion of the walking
test, the patients were questioned to estimate the intensity
of dyspnea on the Borg category scale (17).

Quality of life and its components were assessed using
the Chronic Respiratory Questionnaire (CRQ) (21),
which was translated into Japanese. Dyspnea, fatigue,
emotional function, and mastery were measured during
self-selected day-to-day activities. The CRQ measures
both physical function and emotional function. Physical
function was investigated by 5 items related to dyspnea
and 4 items related to fatigue. Assessment of emotional
function addressed both the emotional state and self-
perception of mastery, including questions about frustra-
tion, depression, anxiety, panic, and fear of dyspnea.
The patients were asked to rate their physical and emo-
tional function on a 7-point scale. Higher scores re-
presented better function. Questionnaires were adminis-
tered at entry and at approximately 2 weeks after comple-
tion of the program.

Data analysis.  Statistical analysis was perform-
ed using StatView-J4.11 software, and the data are
presented as the mean = SD. Parameters before and
after the pulmonary rehabilitation program were compared
using the paired #-test. Differences were considered as
significant at P < 0.05.

Results
Three patients dropped out of the rehabilitation group

due to an acute exacerbation of respiratory symptoms.
The rehabilitation group, therefore, included 18 patients,
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17 men and 1 woman. The patient characteristics are
shown in Table 1. The mean FEV1 was 42.3% of that
predicted, and the mean residual volume/total lung
capacity ratio was 52.2%.

The values for pulmonary function before and after
rehabilitation are presented in Table 2. The maximal
voluntary ventilation (MVV) increased significantly after
pulmonary rehabilitation. Although the vital capacity in-
creased by 7.3% with respect to the initial value, the
change was not statistically significant. In addition, there
was no significant change in forced vital capacity, residual
volume, or total lung capacity.

Table 3 shows the change in the incremental er-
gometer test. There was no significant increase in peak
VO,, the maximal minute ventilation, or the maximal
work rate. AT values were determined in 17 patients
before and after rehabilitation and did not increase
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significantly.

The 6-min walking distance increased significantly
after pulmonary rehabilitation, as shown in Table 4. The
maximal Borg score during the walking test decreased

Table | Characteristics of 18 patients with chronic obstructive
pulmonary disease before pulmonary rehabilitation

Age (years) 69.2 + 7.3
Height (cm) 1625 £ 5.7
Weight (kg) 508 + 7.7
vee (L) 275+ 062
FEVI.0° (L) 0.96+ 0.34
%FEV1.0¢ (%) 423 + 146

Data shown are mean & SD, @, vital capacity; &, forced expiratory
volume in | sec; ¢, percent of predicted forced expiratory volume in
| sec.

Table 2 Pulmonary function before and after pulmonary rehabilitation of 18 patients with chronic obstructive pulmonary disease

Before After P value
VC (L) 275+ 0.62 292+ 058 NS¢
FEV 1.0 (L) 096+ 0.34 .00+ 0.36 NS
RV (L)® 3.10+ 0.89 3.03* 0.78 NS
TLC (L) 588+ 1.28 6.00 I.11 NS
DLCO/VA (ml/m/torr/L)¢ 252+ 1.19 266+£ 1.15 NS
MVV (L/min)¢ 36.1 *+14.4 40.2 +16.4 P <0.05

Data shown are mean+SD, &, not significant; b, residual volume; ¢, total lung capacity; d, ratio of diffusing capacity, carbon
monoxide, single-breath method, to alveolar volume; ¢, maximal voluntary ventilation.

Table 3 Incremental exercise test results before and after pulmonary rehabilitation of 18 patients with chronic obstructive pulmonary disease
Before After P value
Peak VO, (ml/min/kg)? 1223+ 263 13.04 £ 253 NS
Peak VE (L/min)® 264 + 8.1 217 £ 1.2 NS
Peak WR (watt)¢ 49.1 £ 156 532 £ 16.0 NS
AT (ml/min/kg)% n=17 9.49 + 1.9l 10.59 + 1.88 NS

Data shown are mean + SD, @, oxygen uptake at maximal load; &, minute ventilation at maximal load; ¢, work rate at maximal load; d,

anaerobic threshold.

Table 4 Six-min walking test results before and after pulmonary rehabilitation of 18 patients with chronic obstructive pulmonary disease
Before After P value
Distance (m) 384.7 % 1245 456.6 + 80.0 P <0.05
Max Borg scale® 55+ 23 39+ 15 P < 0.05
Min Sp0,(%)® 8961+ 5.2 90.1 = 3.7 NS

Data shown are mean &= SD, @, maximal Borg scale score during the test; &, minimal SpO, during the test.
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Table 5 CRQ“ score before and after pulmonary rehabilitation of 18 patients with chronic obstructive pulmonary disease

Before After P value
Dyspnea 16.6 6.2 216 +7.7 P <0.05
Fatigue 18.0£5.5 21.5+3.4 P <0.0l
Emotion 354%£72 39.1 £6.0 P <0.05
Mastery 19.8 4.2 209+ 3.9 NS

Data shown are mean = SD, &, chronic respiratory disease questionnaire; NS, not significance.

significantly after pulmonary rehabilitation. The minimum
SpO, during the walking test did not change.

Values for the CRQ score before and after rehabilita-
tion are presented in Table 5. Dyspnea, fatigue, and
emotion improved significantly after pulmonary rehabilita-
tion. Items concerning dimension mastery, however,
showed no significant improvement after completion of the
program.

Discussion

In most previous studies, the duration of pulmonary
rehabilitation has been more than 6 weeks based on the
training effect in normal subjects (22, 23). A few studies
have demonstrated the effects of a 3-4 week rehabilitation
period, but the exact exercise programs used have been
unclear (12-14). In addition, these studies did not evalu-
ate the effect on quality of life. To clarify the effect of a
pulmonary rehabilitation program lasting less than 1
month, we conducted a training program b5 times per
week for 3 weeks, including RMSG and cycle ergometer
exercise training at half the maximal work rate.

Our results demonstrate that this program improves
some pulmonary function parameter of MVV, improves
exercise capacity as determined by the walking test,
reduces dyspnea on effort, and improves the quality of life
in patients with COPD. In most previous studies, no
changes in spirometric values have been reported (2-5, 7,
8, 12, 13). Because lower-limb training may not help to
improve spirometric values, the significant increase in
MVYV observed in the present study may have been due
to the effect of RMSG. RMSG was primarily designed to
stretch the respiratory muscles during the contraction
phase. It has been reported that RMSG increases FVC
and PEFR (15). We think that respiratory muscle
stretching affects chest-wall compliance and decreases
chest-wall stiffness. Although the increases imn FVC and
PEFR were insignificant in our study (data not shown), the
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increase in MVV might be explained by this mechanism.

The training effect n COPD patients is usually
evaluated by a timed walking test or peak VO,. In our
study, the 6-min walking distance significantly increased,
although the increase in peak oxygen uptake was
insignificant. Needleman e? al. have reported that cycle
ergometer training at half the maximal work rate 3 times
a week for 8 weeks significantly improves the 6-min
walking distance (6). We trained our patients 5 times a
week at almost the same intensity as in this previous
study, which may explain the improvement in the 6-min
walking distance. Most reports of exercise training
describe improvements in the timed walking distance (2, 4
-6, 9-11). A walking test may be a good measure of
“functional exercise capacity,” defined as a patient’s ability
to undertake physically taxing activities encountered in
everyday life that are difficult to measure by a conven-
tional exercise testing. Therefore, we assume that an
increase in functional exercise capacity is necessary for
improvements in dyspnea and quality of life in COPD
patients.

In most studies, the improvement in peak VO, is
controversial (4-6, 8, 10, 14). Peak VO, is considered
to be a measurement of maximal exercise capacity. Carter
et al. (14) have reported an increase in peak VO, after a
pulmonary rehabilitation program lasting only 12 days.
However, in some studies, an increase in peak VO, has
not been seen, even after 6 weeks of rehabilitation. In
healthy subjects, decisions about the intensity of exercise
are based on the supposition that there is a threshold value
beyond which a training effect will be perceived, and that
above this threshold the amount of work done will affect
outcome measures (24). The anaerobic threshold (25) has
been used to ascertain this threshold, but the anaerobic
threshold is close to the peak VO, in most elderly patients
with COPD, and it is difficult for these patients to
maintain training at this intensity (26). For these reasons,
elderly patients with COPD might have difficulty in
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increasing their maximal exercise capacity. To establish
an appropriate exercise intensity to accomplish an increase
in the peak VO, in COPD, further investigation is
necessary.

Although the effect on our patients was due to a
multidisciplinary pulmonary rehabilitation program includ-
ing not only ergometer exercise but also RMSG and
education, we suggest that the prescribed exercise inten-
sity, session duration, and overall duration of our er-
gometer exercise protocol may improve the quality of life
for COPD patients. However, we only investigated the
exercise capacity and quality of life immediately after
rehabilitation. It is not clear how long this improvement
will last. Further long-term rehabilitation program
studies, including an assessment of physical function,
quality of life, and prognosis, are necessary.

In summary, our 3-week pulmonary rehabilitation
program, comprising cycle ergometer exercise and
RMSG, improved MVV and the 6-min walking distance
(an indicator of functional exercise capacity), and im-
proved quality of life. These findings suggest that even if
the program duration does not exceed 1 month, it can still
benefit patients with COPD. The increase in functional
exercise capacity, even without an increase in maximal
exercise capacity, should reduce dyspnea and improve the
quality of life in patients with COPD.
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