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We evaluated the conditions of 33 patients who completed

an outpatient pulmonary rehabilitation program to deter-
mine what types of improvements occurred, and whether
these changes were related to the baseline degree of
ventilatory impairment, to determine whether rehabilita-
tion was beneficial to patients, regardless of the degree of

underlying lung dysfunction. Endurance measurements,
including sustained submaximal performance on a cycle
ergometer and the 12-minute walk distance (1,349±625

feet to 1,700 ± 670 feet) increased significantly (p<O.Ol), as

did multiple educational and subjective parameters. Maxi-
mal exercise performance on a graded cycle test improved
very little, with a decline in the ventilatory equivalent for

oxygen consumption (c�E/’�o2) being the only significant

change (48.2±28.3 L/ml to 36.6±8.7 L/ml). Of the oh-

served changes, only one endurance measurement, the

sustained submaximal exercise performance, correlated

with FEV� (r 0.5, p<O.Ol), hut only if it was expressed as

an absolute number (liters) and not as percent predicted.

Lung function did not correlate with changes in the 12-

minute walk distance, in maximal exercise performance on

the cycle ergometer or with changes in educational and

subjective parameters. We conclude that because the mag-
nitude of change in both physiologic and psychologic

parameters was not directly related to lung function, the
benefits of rehabilitation can extend to all patients with

chronic lung disease, regardless of the severity of preexist-
ing pulmonary dysfunction. (Chest 1991; 99:798-804)

PRP = pulmonary rehabilitation program; RPE rate of per-
ceived exertion

P ulmonary rehabilitation has been reported to lead

to improvements in the exercise capacity and

psychologic well-being of patients with chronic ob-
structive lung disease.’5 Additional goals of this mo-

dality of treatment are to improve the quality oflife of

patients with chronic lung disease, while extending

life and reducing the need for hospitalization. While

these multiple benefits have been reported by prior

investigators, ‘� it remains unclear whether they extend

to all patients with chronic lung disease or whether

some patients are “too sick” or “too well” to improve

with such a program. Given the expense and effort

involved in conducting a rehabilitation program, we

were interested in determining not only whether

pulmonary rehabilitation could lead to improvements
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in exercise capacity, but also whether these improve-

ments would apply to all patients with chronic lung

disease, regardless of the severity of their pulmonary

dysfunction.

In previous studies, there has been the general

observation that rehabilitation leads to only modest

increases in symptom-limited maximal oxygen con-

sumption, while endurance exercise performance in-

creased substantially.#{176} Holle et a12 made this observa-

tion in a community hospital rehabilitation program

and concluded that the improvement in endurance

was the result of increased leg and respiratory muscle

efficiency. If the major mechanism of improvement

was to increase muscular efficiency, then there should

not necessarily be a relationship between lung function

and the changes in exercise performance following

rehabilitation, since increases in efficiency could the-

oretically occur independent of underlying lung func-

tion. On the other hand, it is possible that some

patients have such severe lung disease that they cannot

be exercised to a level high enough to have a training

Downloaded From: http://journal.publications.chestnet.org/pdfaccess.ashx?url=/data/journals/chest/21627/ on 04/02/2017



CHEST I 99 I 4 I APRIL 1991 799

effect and thus could not experience an increase in

their exercise capacity following rehabilitation. There-

fore, we conducted the current study to define the

benefits of a multidisciplinary pulmonary rehabilita-

tion program and to determine what, if any, relation-

ship existed between improvements following the

program and initial lung function.

M ETHODS

Outpatients with stable conditions who had known chronic lung

disease and limited exercise capacity due to dyspnea, referred by

an internist or pulmonary physician, were evaluated for entry into

a multidisciplinary pulmonary rehabilitation program. Patients were

enrolled in the program after initial medical examination by the

physician-director of the program. Patients were excluded from

entry if they had active and symptomatic cardiac disease, recent

myocardial infarction (within six months), poor ability to compre-

hend and participate in the educational aspects of the program, or

limited motivation to enter an exercise program. A total of 33

individuals who completed all aspects of the program, as well as

the program testing, were examined and form the basis of this

report.

Twenty-four patients had a clinical diagnosis of emphysema or

chronic bronchitis, seven had asthma, and two had pulmonary

fibrosis. The group consisted of 12 men and 21 women, with a mean

age of 65.8 ± 8.1 years (range, 50 to 82 years) and a mean FEV, of

1.2 ±0.8 L (range, 0.33 to 3.8 L). Excluding the two patients with

restrictive lung disease, patients with obstruction (including those

classified as primarily asthmatic) had an FEV,/FVC ratio of

49.7± 14.4 percent (range, 30 to 75 percent). The patient with the

highest FEV, was an asthmatic who had marked variability in

airway function that led to symptomatic dyspnea with exercise, and

during an exacerbation, his FEV, was observed to fall from 3.8 to

1.6 L. Although no patient was a current smoker, 26 had previously

smoked. All patients were on a stable medication regimen prior to

testingand initiation ofthe program, with 13 requiring corticosteroid

therapy.

Testing

Prior to initiation ofthe program, all patients had their conditions

evaluated by the program’s physician-director, nurse clinical coor-

dinator, and respiratory therapist. The initial intake evaluation

included the following: a full history and physical examination,

resting ECG, laboratory screening (SMA-20, CBC, medication

levels), 12-minute walk test (using oxygen supplementation to keep

arterial oxygen saturation above 90 percent by oximetry), Beck

depression inventory, Health Education questionnaire (American

Lung Association-Better Breathing Guide), subjective chronic ob-

structive pulmonary disease (COPD) disability scale,� and a ques-

tionnaire aimed at evaluation ofbreathing, stress management, and

exercise patterns. With the subjective COPD disability scale,

patients rated themselves on a scale from 1 to 5, with a higher

number indicating more severe dyspnea.�

On a separate occasion, patients underwent pulmonary function

testing with arterial blood gas analysis and measurement ofair flow

rates, lung volumes, and diffusing capacity. Following pulmonary

function testing, an exercise test was done using a progressive

multistage ramping protocol on a cycle ergometer with a breath-by-

breath analysis ofgas composition (Medical Graphics). After a two-

minute equilibrium period on the cycle with no work being done,

patients were ramped at 10 to 25 W/min, depending on their level

oftolerance as determined by the physician supervising the testing.

Patients exercised to a symptom-limited end point, to their maximal

predicted heart rate, or until arterial oxygen saturation fell below

85 percent according to a pulse oximeter monitor (Nellcor). Within

one month after the conclusion of the program, the pulmonary

function testing and exercise testing were repeated along with the

12-minute walk test and the questionnaires. At the time of repeated

exercise testing, all patients were at their baseline lung function, as

determined by both symptoms and spirometry.

Rehabilitation Program

The pulmonary rehabilitation program (PRP) was run for nine

weeks, and sessions were conducted three times per week for 2#{189}

hours per session. Patients were entered into the program in groups

of four individuals per session. The first hour of the session was an

education or group support meeting. The group support session

was held once per week and the remaining educational sessions

were conducted twice per week and covered such topics as

pulmonary pathophysiology, pharmacology ofpatients’ medications,

dietary counseling, relaxation and stress management techniques,

energy conservation principles, and breathing retraining (pursed lip

breathing). After the education session, patients took a short break

and then began a 1#{189}-hour session. Exercise was by prescription to

symptom and vital-sign limited end points and was performed with

patients rotating between a cycle ergometer, treadmill, upper body

ergometer, and free weights. Monitoring during exercise sessions

involved measurement ofpulse, respiratory rate, oxygen saturation,

and blood pressure. Electrocardiographic monitoring was not

performed except during the initial and final cycle ergometer

testing.

During each exercise session, the staff aimed to exercise every

patient on three pieces of equipment for up to 20 minutes on each.

The exercise level for each session was determined by an exercise

prescription based on the initial cycle ergometer exercise test and

allowed patients to exercise initially at up to 50 percent of their

maximal cycle ergometer wattage for 20 minutes, if tolerated by

symptomatic and physiologic end points. Symptomatic end points

ofexercise (necessitating cessation at less than 20 minutes) included

fatigue, leg pain, or severe dyspnea. Physiologic end points that

necessitated stopping exercise before the 20-minute session was

completed included the following: a heart rate greater than 130

beats per minute, a respiratory rate greater than 36 p�r minute,

oxygen saturation (with supplemental oxygen, if needed) less than

90 percent, systolic blood pressure greater than 200 mm Hg, and

diastolic blood pressure greater than 100 mm Hg. In each session,

patients were exercised to the same level of effort, as measured by

a rate of perceived exertion (RPE) scale, if physiologic and symp-

tomatic parameters permitted.6 The amount of work done in each

session was kept constant, until the patient could sustain it for 20

minutes. The exercise prescription was revised on a weekly basis

by the physician-director and once the patient could exercise at the

prescribed work level for 20 minutes, the work rate was increased

by up to 25 percent, and again this level was continued until it

could be sustained for 20 minutes. Patients exercised at a steady

level for virtually the entire 20 minutes, with only a short warm-up

and a briefcool-down and rest period between each piece of exercise

equipment.

Data Analysis

Maximal and submaximal exercise performances at the initiation

and conclusion of the program were compared by paired t test and

correlations were examined by linear regression analysis. For data

collected during maximal exercise testing on the cycle ergometer,

maximal (max) values, just prior to cessation of the test, were

compared. For data from the exercise sessions (submaximal work),

the cycle wattage and duration of exercise to the symptom-limited

and physiologic end points during the initial session and the final

session were compared.

Downloaded From: http://journal.publications.chestnet.org/pdfaccess.ashx?url=/data/journals/chest/21627/ on 04/02/2017



Table 1-Changes in Maximal Exercise Performance
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Before

Rehabilitation

After

Rehabilitation P

Vo,max, 845.8±478.7 1005.3±467.2 >0.1

mI/mm

Watts max, W 64.2±42.5 66.9±24.7 >0.1

VEmax, 33.3±17.6 34.4±15.6 >0.1

IJmin

O,pulse max, 7.5±4.0 8.9±4.4 >0.1

mI/b

‘�“#{176}2, IJml 48.2±28.3 36.6±8.7* 0.01

RESULTS

Maximal Exercise Capacity-Initial and Final

To determine the adequacy of the maximal exercise

test, we related performance end points to the patient’s

initial lung function. We reasoned that ifpatients were

exercised to an appropriate symptom-limited end

point, and if their respiratory disease was the limiting

factor in performing exercise, then there should be a

relationship between exercise performance and lung

function. We observed that both the maximal oxygen

consumption (�‘o2max) and the maximal minute yen-

tilation (�‘Emax) correlated with the initial measure-

ment of FEy1 (each correlation had r = 0.6, p<O.Ol).

The initial and final maximal exercise performance

on the cycle ergometer are summarized in Table 1.

There was a significant reduction in the maximal

ventilatory equivalent for oxygen consumption

(�Ti�J�o2max) from 48.2 ± 28.3 Lfmin to 36.6 ± 8.7

IJmin (p = 0.01). There was a small numerical increase

in Vo2max from a mean of 845.8 ± 478.7 mI/mm to

1005.3 ± 467.2 mI/mm but this increase was not sig-

nificant (p>O. 1). There were no other significant

changes in maximal cycle performance on the graded

exercise test comparing initial and final testing results.

No significant change in FEy1 was observed over the

course of the program for all of the patients, including

those with primarily asthma.

Endurance Exercise Capacity-initial and Final

Although there were no dramatic increases in max-

imal cycle performance over the course ofthe program,

we observed that at similar levels of rate of perceived

Table 2-Changes in Endurance

Before

Rehabilitation

After

Rehabilitation P

12-mm walk, feet 1349 ± 625 1700± 670* <0.01

Max sustained 26.0± 18.1 56±29.9* <0.01

cycle work, W

Max sustained 5.0±0.9 12.4±4.3* <0.01
cycle time, mm

Max sustained 129.5±90.7 726.1±558.1* <0.01

cycle performance,
watts X mm

exertion (RPE), most patients were exercising at higher

submaximal workloads for longer time periods during

the exercise training sessions as the program pro-

gressed. To evaluate the magnitude of these changes,

we recorded and compared the work load and work

duration on the cycle ergometer at the start of the

program with the same measurements made at the

conclusion ofthe program. As summarized in Table 2,

there were significant increases in watts of sustained

exercise on the cycle ergometer during exercise ses-

sions and in duration ofsustained exercise on the cycle

ergometer during exercise sessions. As an additional

measurement of endurance, to account for the fact

that the exercise prescription included both work rate

(watts) and work time (minutes), we calculated the

product ofwatts ofwork on the cycle ergometer times

the duration of cycle work and called this parameter

“sustained submaximal cycle performance” (in units

of watts-minutes). We compared this sustained sub-

maximal cycle performance during the first exercise

session of the program with the value calculated for

the final exercise session of the program and observed

a significant increase from 129.5 ± 90.7 watts-minutes

to 726. 1 ± 558. 1 watts-minutes (p<O.Ol). Another

measurement of submaximal exercise performance,

the 12-minute walk distance, also increased signifi-

cantly at the conclusion of the program, as shown in

Table 2.

Lung Function and Changes in Exercise Capacity

To determine whether baseline lung function (FEy1)

was related to changes in maximal and endurance

exercise performance in individual patients, we did a

linear regression analysis between the FEy1 as percent

predicted and the actual changes in measured exercise

performance. By this method, no signfficant correla-
tions were found between lung function and changes

in any of the parameters of endurance or maximal

exercise performance (all values for R�O.3, p>O.O5).

The regression analyses were also repeated with

changes in maximal and submaximal exercise perform-

ance expressed as a percentage ofinitial performance,

and no significant correlations were found between

these parameters and lung function. Similarly, there

was no correlation between the FEV1/FVC ratio (in

Table 3-Relationship ofFEV (L) to Changes in Exercise

Pe��f�nce

FEy1 and Change in R P

Sustained submaximal .5 <0.01

cycle performance

12-mm walk .05 >0.1

Vo,max .4 0.07

Wattsmax .1 >0.1

O2pulsemax .3 >0.1

VsJVo2 max .3 >0.1
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FIGURE 1 . Shown is the relationship between FEV, (in liters) and the change in sustained submaximal

cycle performance (watts x mm) during the rehabilitation sessions. There was a significant relationship
(V = 0.5, p<O.Ol) such that patients with the best lung function tended to have the greatest improvements

in endurance performance. This relationship dmd not apply if FEy, was expressed as percent predicted or

if the change in endurance performance was expressed as percentage of change from initial performance.
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patients who had airway obstruction) and any of the

changes in exercise performance.

However, when FEy1 was expressed as an absolute

value, in liters, slightly better correlations emerged

(Table 3). We observed a slight, but significant, rela-

tionship between the increase in sustained submaxi-

mal cycle performance and FEy1 (R = 0.5, p<O.Ol),

as illustrated in Figure 1 . However, similar to the

findings when FEy1 was expressed as a percentage of

the predicted value, we did not find any relationship

between FEy1 in liters (Table 3) and increases in 12-

minute walk distance, maximal cycle watts on the

exercise test, and maximal oxygen pulse on the graded

exercise test. The magnitude of decline in the

VE/Vo2max ratio was also not related to FEy1. Al-

though there was a tendency toward a relationship

between FEy1, in liters, and the increase in maximal

oxygen consumption (r = 0.4), this did not achieve

significance (p = 0.07) and when FEy1 was expressed

as percent predicted, as mentioned, the relationship

was even less significant, with p = 0.37.

Table 4-Initial Maximal Exercise Performance and
Changes in Maximal Exercise Performance

Initial Change in R P

YE max

VsiVo, max

VE max

VsiVo, max

- .6

- .6

<0.01

<0.01

Watts max Watts max - .8 <0.01

O,pulsemax

Vo, max

O,pulsemax

Vo, max

-.5

- .6

<0.05

<0.01

Relationship between Initial Maximal Exercise Test

Peiformance and Changes in Maximal Exercise

Capacity

As shown in Table 1, there were no significant

changes in VEmax, Vo2max, 02 pulse max, or maximal
watts for the group as a whole. However, we examined

whether the changes on the maximal exercise test,

observed in certain individuals following rehabilita-

tion, were correlated with initial performance on the

exercise test. As shown in Table 4, the higher the

initial ‘�TEmax and �i�/�To2max, the less each of these

respective parameters tended to increase at the con-

elusion of the program (p<0.01). Similarly, the in-

creases in Vo2max, maximal 02 pulse max, and maxi-

mal cycle watts were greatest in those with the lowest

initial values and least in those with the highest initial

Table 5-Nonphysiologic Outcomes of Pulmonary
Rehahilitatfrm

Before After P

No. using relaxation techniques 15% 84% <0.01

No. using energy conservation 3% 75% <0.01

No. using pursed lip breathmng 43% 93% <0.01

No. using diaphragmatic 15% 81% <0.01

breathing

No. doing home exercise 34% 78% <0.01

Score on educational 2.9 ± 1.0 4.2 ± .6 <0.01

questionnaire (0-5)

Beck depression inventory (0-16) 8.1 ±4.6 5.6±5.4 <0.05

COPD disability scale (0-5) 2.6± 1.1 1.8± 1.1 <0.01
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values (p<0.05). These correlations also persisted

when the changes in maximal performance were

expressed as percentage ofchange rather than absolute

change. Thus, as a general trend, maximal exercise

performance, and the ventilation required to achieve

this performance, tended to improve most in those

with the lowest initial performance.

Nonphysiologic Parameters-Initial and Final

Following the multidisciplinary rehabilitation pro-

gram, which included extensive education sessions,

there was a signfficant increase in the percentage of

patients who reported using relaxation techniques,

energy conservation strategies, pursed lip breathing,
and home exercise (Table 5). The patients also per-

formed better on an educational questionnaire and

their subjective senses of depression and disability

declined significantly. Patients were quite variable in

their original assessments of functional class, in rela-

lion to lung function. Among 17 individuals who had

an FEy1 below 1 L (severe obstruction), the patients

classified themselves as follows: class 1, one patient;

class 2, three patients; class 3, seven patients; class 4,

four patients; and class 5, two patients. Overall, 10 of

these 17 patients had a decline in functional class

(subjective improvement) by at least one category,

including three ofthe four who were in class 4. Of the

16 patients with an FEy1 above 1 L, four had a decline

in functional class.

The changes in these nonphysiologic parameters

were not directly related to the severity ofthe patient’s

underlying lung disease or to the changes in physio-

logic function that occurred. When the decline in

COPD disability scale (an improvement) was related

to baseline FEy1, there was a very weak correlation

(r = 0.3) that did not achieve significance (p = 0.10).

There was a correlation between the change in func-

tional class and the change in 12-minute walk distance

(r = 0.5, p = 0.01), but no relationship between the

change in functional class and change in ‘�To2max or

change in �‘i�/�o2max. Similarly, changes in the Beck

depression inventory and the health education ques-

tionnaire did not correlate with changes in functional

class.

DIScUssIoN

In our study of the outcome of pulmonary rehabili-

tation, several physiologic and psychologic improve-

ments were observed. By choosing patients with a

broad range of lung function (FEy1 of 0.33 to 3.8 L),

but still including 17 patients with severe obstructive

lung disease (FE�1<1 L), we were able to examine

the question of whether there was a population of

patients with symptomatic dyspnea who were either

“too sick” or “too well” to benefit from a rehabilitation

program. We found that only one of the potential

benefits of rehabilitation, the improvement in sus-

tamed submaximal cycle performance, was signffi-
cantly related to underlying lung function (Fable 3,

Fig 1), but only if FEy1 was expressed in liters, and

not as percent predicted. However, FEy1, in liters

(and as a percentage of the predicted value), did not

correlate with changes in maximal exercise parameters

or with changes in the 12-minute walk distance (Table

3). In addition, there was also no correlation between

subjective improvement in functional class and lung

function. In fact, 10 of 17 patients with an FEY1 below

1 L had an improvement in functional class at the

conclusion of the program. Thus, because in general,

the changes in physiologic and psychologic perform-

ance were not confined to certain patients on the basis

of their ventilatory capacity, our data indicate that

rehabilitation has potential benefit to any patient with

chronic lung disease, independent of the severity of

preexisting pulmonary dysfunction. This conclusion

was reached because we enrolled patients with a wide

range ofpulmonary dysfunction in our program, with

the only requirement being the presence of chronic

lung disease and limited exercise capacity due to

dyspnea.

The major physiologic changes observed after com-

pletion ofa multidisciplinary pulmonary rehabilitation

program were significant improvements in exercise

endurance (Table 2), but very small improvements in

maximal exercise performance (Table 1). The only

maximal exercise test parameter to change signifi-

cantly was the ventilatory equivalent for oxygen

consumption (‘�‘ii/\�o2max), which declined. However,

the 12-minute walk distance and sustained submaxi-

mal cycle performance (during the training sessions)

increased significantly following the program. We

found that these increased levels of submaximal exer-

cise were being performed with a level of perceived

exertion similar to that used at the start ofthe program.

The observed increases in endurance may have rele-

vance for daily functioning, and thus rehabilitation

may be of value to patients, even though maximal

exercise parameters did not change dramatically. In

addition, there were significant psychologic changes,

including a decline in measured depression and sub-

jective sense of disability, as well as an improvement

in knowledge on a health education questionnaire,

which could improve the daily functioning of these

patients.

Our observation of only small improvements in

maximal exercise performance following rehabilitation

is consistent with the findings ofother investigators.2�”7

It is possible that more dramatic increases in maximal

performance might have been seen if we had studied

a younger population or measured maximal perform-

ance on a treadmill rather than a cycle ergometer.

However, we doubt that the cycle ergometer falsely

underestimated maximal performance . Although this
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device may not be as reliable as a treadmill in an

elderly population, our patients were specifically

coached in its use during the exercise training sessions,

yet they still did not have dramatic increases in

maximal cycle performance. We did find the maximal

exercise test to have some utility because performance

on the initial maximal test was a good predictor of

subsequent changes in maximal performance. As

shown in Table 4, those with the highest initial VEmax

and �TiiJ��o2max tended to have the smallest increases

in these parameters, while those with the lowest watts

max and �‘o2max had the largest increase in these

parameters.
The substantial improvements in endurance that

we observed are consistent with the findings of other

investigators. Holle et al2 evaluated endurance meas-

urements after rehabilitation and found that two of

them, met-minutes and duration ofexercise perform-

ance, increased by 250 percent and 159 percent,

respectively. In that study, as in ours, maximal oxygen

consu mption and maximal exercise performance

(measured peak mets) increased minimally.2 Mall and

Medeiros4 also reported that an outpatient rehabilita-

tion program led to patients performing a higher level

of work for a longer time period than prior to the

program.

The types of submaximal endurance measurements

that we used do have certain methodologic limitations.

The sustained submaximal cycle performance and 12-

minute walk tests are subject to patient effort and

motivational factors. We tried to control for these

influences by having patients exercise to similar levels

of rate of perceived exertion in all exercise sessions.6

Despite the admitted limitations of these submaximal

exercise performance measures, we observed that both

the level of work performance and the duration of

sustained cycle performance, during rehabilitation

training sessions, increased more than twofold (Table

2).

The changes in the psychologic parameters that we

observed (Table 5) indicated that the educational

components of the rehabilitation program were of use

to the patients. Not only did their level of depression

decline and their subjective sense of disability im-

prove, but patients also incorporated the teachings of

the program into their daily activities. At the conclu-

sion of the program, at least 75 percent of the

participants reported that they were using relaxation

techniques, energy conservation methods, pursed lip

breathing, diaphragmatic breathing, and a home ex-

ercise program. Moser et al� have examined similar

end points of rehabilitation and found that patients

improved both their functional class and the activities

of daily living. Although the findings of Moser et al

could be the result ofeither physiologic or psychologic

improvements following the program, the benefits we

observed were not directly related to physiologic

improvements. While improvement in functional class

did relate to improvement in 12-minute walk distance,

we found no relationship between improvements in

the subjective sense of dyspnea and changes in

Vo2max, or �Ti�/Vo2max. These findings can be com-

pared with the data of Cockroft et al89 who reported

that rehabilitation led to psychologic improvements

that were not related to increases in physiologic

function, although the physiologic parameter meas-

ured was the 12-minute walking distance.

On the basis of these data, it would appear that

even patients with poor lung function can have im-

proved conditions following rehabilitation. These find-

ings have bearing on the selection of patients for such

a program and differ slightly from the conclusions

reached by Moser et al.3 In the study of Moser et al,

functional improvement tended to occur in those with

the best function, and the most severely impaired

patients were not judged to be good candidates for

such a program. However, Mall and Medeiros4 ob-

served improvement following rehabilitation in a var-

ied group ofpatients, and 56 percent ofthese individ-

uals had evidence for severe respiratory impairment.

In support ofthe finding that even the most ill patients

can improve after rehabilitation is the observation that

maximal exercise performance tended to improve the

most in those with the worst initial performance.

These findings are somewhat different from what

might have been expected, since those with the lowest

initial performance tended to also have the worst lung

function, and theoretically they should have been the
least able to increase Vo2 and VE. A hypothesis that

we favor to explain these findings is that those with

the highest VE were breathing inefficiently and that

the efficiency of breathing improved following reha-

bilitation. This possibility is supported by the obser-

vation that ‘�/�‘o2max declined for the entire group
of patients, possibly because training improved respi-

ratory muscle function, leading to a reduced ventila-

tory need at any given level ofoxygen consumption.

The observed decline in �i�/�o2max could be ex-

plained by additional mechanisms such as a desensi-

tization of patients to dyspnea as a result of exercise

training. If this were the case, it might explain why

patients tended to breathe less at any given level of

oxygen consumption. Another possible explanation for
the decline in ‘�/‘�o2max could be that rehabilitation

led to a decline in ventilation above the anaerobic

threshold, because conditioning led to production of

less lactate to drive ventilation, an effect of training

that Casburi et alho have observed in healthy individ-

uals. Other mechanisms for physiologic improvement

following our pulmonary rehabilitation program could

be considered, but these must also remain speculative.

Our data indicated that there may have been a small
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improvement in aerobic capacity and cardiac function

in some patients. Although the group as a whole had

no significant increase in aerobic capacity, the obser-

vation that the 02 pulse max (a correlate of stroke

volume) tended to increase most in those with the

lowest initial values suggested that those patients with

the lowest initial cardiac output may have been able

to improve their cardiac function. Finally, the im-

proved endurance performance could be explained by

improved mechanical skill at the exercise task or by

improved motivation to exercise.

Thus, in summary, many physiologic and psycho-

logic improvements were observed in a group of 33

patients undergoing a multidisciplinary rehabilitation

program. These benefits were primarily an improve-

ment in endurance exercise, a decline in �ii/�TO2 at

maximal exercise, and an improvement in the subjec-

tive sensation of dyspnea. Although we do not know

the exact mechanism(s) for these changes, we were

struck by the finding that they were generally not

related to the underlying degree of pulmonary dys-

function. Thus, even those with severe obstructive

lung disease, and 17 of our 33 patients had an FEY1

below 1 L, improved with this type ofprogram. Based

on these findings, we conclude that pulmonary reha-

bilitation can reasonably be offered to any patient with

chronic lung disease with the expectation that im-

provement can occur, regardless of the severity of the

underlying disease process.
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