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Introduction

Supp]cmental oxygen (O,) has been
shown to improve exercise tolerance (1-3)
and prolong life (4, 5) in patients with
severely hypoxemic chronic obstructive
pulmonary disease (COPD). Its role in
COPD patients without severe hypox-
emia (Pao, > 55 mm Hg) has been less
clear, although one group of investiga-
tors has shown that supplemental O, may
acutely improve dyspnea and exercise
tolerance in such patients (6). The mech-
anisms of this response were not inves-
tigated in that study (6), but others have
shown that O, may decrease ventilatory
drive (7), minute ventilation (VE) (8, 9),
ventilatory muscle fatigue (10), and di-
rect central perception of dyspnea dur-
ing exercise (11, 12).

We undertook this study to corrobo-
rate the previously reported benefit of O,
in COPD patients who would not be can-
didates for supplemental O, under cur-
rent guidelines, to identify predictors of
this clinical response, and to identify
some of the mechanisms involved. We
compared dyspnea, exercise tolerance,
and ventilatory and hemodynamic
parameters in exercising patients with se-
vere COPD while they breathed com-
pressed air (CA) or 40% O, in a double
blind crossover study.

Methods
Patients

We recruited patients with severe airways ob-
struction and a clinical diagnosis of emphy-
sema or chronic bronchitis from the Chest
Clinic and from the Pulmonary Function
Laboratory at the San Francisco Veterans Af-
fairs Medical Center Hospital. Entry criteria
included age >50 yr, DLco < 80% predicted,
extensive smoking history, and resting Pao,
> 55 mm Hg. The criterion of a reduced DLco
was used to exclude patients with asthma as
the primary cause of airways obstruction. We
also excluded patients with active coronary
artery disease, congestive heart failure, and
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vascular, orthopedic, or neurologic problems
that would interfere with cycling. Patients were
studied when clinically stable; evaluations
were rescheduled when clinical exacerbations
of symptoms had occurred within the previ-
ous 4 wk. The study protocol was approved
by the Committee for Human Research,
University of California, San Francisco.

Measurement of Pulmonary Function,
Dyspnea, and Exercise Testing

Spirometry was performed according to
American Thoracic Society standards (13)
(Gould model 5000; Sensormedics, Anaheim,
CA). We calculated maximum voluntary ven-
tilation (MVV) by measuring the volume ex-
pired in 12 s while the resting patient breathed
as rapidly and deeply as possible. We multi-
plied by five the largest volume of two at-
tempts. Lung volumes were calculated by
breath nitrogen washout (4). Diffusing capac-
ity was measured by the single breath tech-
nique and corrected for hemoglobin (15).
Incremental and endurance exercise studies
were performed with the patients in a sitting
position on an electronically braked cycle er-

gometer (Gould model 9000; Sensormedics,
Anaheim, CA). Expired %0,, %CO, and
end-tidal CO,, ventilatory rate, expired tidal
volume (dry rolling seal spirometer), and tem-
perature of expired gas were directly measured
every 20 s during exercise. On the mornings
of exercise testing, patients ate a light break-
fast and took their usual prescribed medica-
tions including inhaled bronchodilators. The
patients were asked to continue exercise until
they could go no further, whether limited by
dyspnea, fatigue or muscular complaints. Ver-
bal encouragement was given at least every
2 min during exercise.
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Oxyhemoglobin saturation (Nellcor, Hay-
ward, CA) was measured transcutaneously
during all studies. Oxygen consumption was
measured only during the incremental study
because of technical difficulty in measure-
ment while patients are breathing 40% O,.
Arterial blood gases were drawn from an in-
dwelling radial arterial line during the endur-
ance studies only. The arterial line failed in
one patient, so complete arterial blood gas
data are available in only 11 of the 12 patients.

The incremental studies were performed on
room air beginning at a workload of 10 W,
with increases of 10 to 20 W every 2 min to
a symptom limited maximum. On the follow-
ing day, using a randomized, double-blind,
crossover protocol, two endurance studies
were performed while the patients breathed
40% O, or CA. The endurance study work-
load was set at 80% of the maximum work-
load achieved during the prior incremental
study. Oxygen and CA were delivered to the
mouthpiece by a high flow mixing device
(Veriflow, Richmond, CA), with sufficient
tubing reservoir to prevent entrainment of
room air. The high flow mixing device was
screened from the patient and supervising
physician to preserve blinding. Prior to each
exeicise test, a technician set the O, at either
40% or 21%, with the order being determined
by a coin flip. Oximetry values were not avail-
able to the patient or supervising physician
during endurance testing to preserve blind-
ing. Exercise was not begun until expired O,
and CO, measurements had stabilized. Ar-
terial blood gases were determined prior to
initiation of exercise, every 2 min during ex-
ercise, and 2, 5, and 10 min after cessation
of exercise. Heart rate and VE were measured
every 20 s, Dyspnea was measured every 2 min
using a numerical rating scale, a modified
Borg scale numbered 1-10 for which the two
extremes were “none” and “extremely severe”
(16, 17). Patients reported their dyspnea by
touching an 8 x 11 reproduction of the nu-
merical rating scale, with the physician con-
ducting the study recording the scores on a
flow sheet to the nearest half unit.

Each patient came to the Echocardiogra-
phy Laboratory at Moffitt Hospital, Univer-
sity of California, San Francisco, on a sepa-
rate day for Doppler echocardiography at rest
and during supine cycling on a variable-load
bicycle ergometer (Engineering Dynamics
Corporation Model 8420, Lowell, MA). Mea-
surements of right ventricular systolic pres-
sure (RVSP) were made at rest and during ex-
ercise as previously described, with the ergom-
eter table tilted 20° to the left (18). In brief,
the saline-enhanced, maximum trans-tricus-
pid gradient is added to the right atrial pres-
sure estimated by the respiratory behavior of
the inferior vena cava diameter to derive
RVSP. Agitated saline was injected intrave-
nously at each stage of exercise to enhance
the Doppler tricuspid insufficiency envelope
and to detect right-to-left intracardiac shunt-
ing. Patients pedaled at a constant speed be-
ginning at a workload of 10 W and increas-
ing by 10 W every 2 min until limited by symp-
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toms. Patients were tested on CA and on 40%
O, by tight-fitting mask according to a ran-
domized crossover double-blind design with
1 h ¢ f rest between studies. Doppler measure-
ment of maximum RVSP was recorded at rest,
at each stage of exercise, and after 4 min of
recovery. Invasively obtained data in patients
with COPD performing cycle ergometry while
sitting is similar to data obtained using this
method (18-20).

Statistics

Group data are presented as the mean value
+ SEM. Data were analyzed by Student's ¢
test for paired samples, and by least squares
linear regression. Correlations are reported
as the coefficient of determination, r%. The
level of statistical significance was defined as
p < 0.05.

Results

Fourteen patients meeting the entry
criteria volunteered to participate in this
study. Two were excluded from further
study after undergoing the incremental
exercise study. One of these two patients
developed supraventricular tachycardia
and chest pain during exercise, and the
other was limited to 4 min of exercise be-
cause of hip pain. The study group there-
fore consisted of 12 male patients who
had smoked cigarettes for 30 to 100 pack-
years. Resuits of static pulmonary func-
tion testing are shown in table 1. The
mean FEV, was 0.89 =+ 0.09 L, FEV,/
FVC was 37 + 2%, TLC was 101 + 3.6%
of predicted, and DLco was 9.8 + 1.5
ml-min~"-mm Hg (47% of predicted).

Ventilatory limitation to exercise was
found in each of the study patients dur-
ing incremental testing. Maximum O,
consumption (Vo,max) was 49% of
predicted (21) (range 35 to 71%), and
maximum exercise ventilation ranged
from 79 to 141% of measured MVV. Dys-
pnea was the primary limiting symptom
in each patient. The maximum heart rate
during exercise was 79 + 3% of predict-
ed, with two patients having a heart rate
reserve of less than 15 beats per min (91
and 93% of predicted heart rate). Dur-
ing incremental testing, the duration of
exercise was 10.8 + 1.4 min, and the max-
imum work rate was 50 £ 6 W.

During endurance testing on CA, Pag,
decreased slightly from 71 + 2.6 to 63
+ 5.1 mm Hg (p = NS), but did fall to
less than 55 mm Hg in four individual
patients (table 1). In the patient in whom
the arterial line failed, the O, saturation
remained 95% or greater throughout ex-
ercise. During 40% O, breathing, Pao,
remained above 100 mm Hg in all pa-
tients, and mean duration of exercise in-
creased from 10.3 + 1.6 to 142 = 1.5
min (p < 0.01). Four patients increased
their duration of exercise by 100% or
more, and only one patient failed to show
an increase with O, breathing (figure 1).
There was no significant correlation be-
tween resting Pao, and increase in dura-
tion of exercise with supplemental O,
(r* = 0.26, p = 0.09). The correlation
between oxyhemoglobin saturation at
end exercise and increased duration of

TABLE 1

PATIENT DATA AT REST AND DURING EXERCISE

Exercise
Durationt
Pao, )
Patient FEV, FVC Dico®  Restt  End Exerciset CA 0 ADysT?_:ﬁ
1 0.78 2.75 35 65 51 14 18 (29) -1
2 0.48 1.56 9 78 § 33 7(112) -5
3 0.99 2.28 74 75 BO 6 8 (33) -15
4 0.66 1.88 34 80 71 22 24 (9) 2
5 1.23 3.79 62 70 77 6 12 (100) -4
6 0.51 1.90 25 60 40 6 10 (67) -15
7 0.78 1.91 65 68 66 8 11 (38) -1
8 1.55 2.90 57 79 86 18 14 (-22) -1
9 0.63 1.43 43 57 40 10 22(120) -3
10 1.10 2.59 7 72 81 14 16 (14) -2
11 1.1 2.85 12 63 46 6 14 (133) -5
12 0.81 2.65 44 a7 56 10 14 (40) -2
Group 0B9 + 009 237 020 47 +6 71 +26 63 + 5.1 (56 + 14) -21 = E

FEV, and FVC are reported in liters,
“ 8% of predicted value.

On compressed air, mm Hg.
+ Duration of ise in

(% change).

§ Difference between endurance exercise on 40% O, and compressed air at the “Isotime.” A negative value means there was

less dyspnea while breathing O,.

Data not available (see methods). By pulse oximetry, saturation 98% was at rest and 95% at end exercise.
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Fig. 1. Duration of steady state exercise
while breathing compressed air versus
40% oxygen is compared in individual
patients. The Pag, in mm Hg at the end
of exercise while breathing compressed
air is reported to the right of each line.
The patient for whom only oxygen satu-
ration is available has this reported as
apercentage. Mean duration of exercise
increased from 10.3 min on compressed
air to 14.3 min on 40% oxygen (p < 0.01).

Duration

(min)

exercise did not reach statistical sig-
nificance (r* = 0.29, p = 0.07). How-
ever, end exercise Pag, (excluding patient
2) did correlate with increased duration
of exercise (r* = 0.43, p = 0.03). Of the
four patients whose duration of exercise
increased by 2 100%, only two had sub-
stantial oxyhemoglobin desaturation on
CA (table 1).

At the time point equivalent to end ex-
ercise on CA (which we refer to as “Iso-
time”), dyspnea scores, VE, and heart rate
while breathing 40% O, were all signifi-
cantly reduced relative to exercise on CA
(table 2). Dyspnea scores at Isotime were

of Exercise ;|

251
.//,.. 71 mm Hg
38 mm Hg
20+
51 mm Hg
81 mm Hg
154
86,56,77 mm Hg
g mm Hg
mm
46 mm %
B0 mm Hg
95%
54 /
o4
CA 40% 02

6.5 + 0.5 + on 40% O, versus 8.5 +
0.3 on CA (p = 0.005). At end exercise,
however, there were no significant differ-
ences in VE, heart rate, or dyspnea scores
between exercise on CA versus 40% O,.
Improvement in duration of exercise cor-
related with decrease in dyspnea at the
Isotime (r* = 0.66, p = 0.001; figure 2).
No significant correlations were present
between increased duration of exercise
and decrease in Isotime VE (1 = 0.04,
p = 0.56) or decrease in Isotime heart
rate (r* = 0.20, p = 0.17). There were
no significant correlations between in-
creased duration of exercise on 40% O,

TABLE 2
RESULTS OF EXERCISE TESTING ON AIR AND 40% OXYGEN

Compressed Air 49% Oxygen
at End Exercise Isotime* End Exercise
Duration, min 103 + 1.6 103 + 1.6 142 =+ 151
Dyspnea score, 0-10 8.5 + 0.3 65 + 05T 86 + 0.4
Ventilation, L/min 36 + 4.0 33 + 38F 36 + 3.7
Blood gases
Pao,, mm Hg 63 + 5.1 168 + 10.21 172 + 9.8t
Paco,, mm Hg 46 + 3.8 49 + 35t 50 + 3.81
pH 7.34 + 0.02 7.34 + 0.02 7.34 + 0.02
Heart rate 127 + 5.6 117 + 4.8% 120 + 45
All pari versus comp d air,
* Isotime = at the time equivalent to the end of exercise on compressed air.
Tp<o001
tp <005

Fig. 2. Decreased dyspnea at the time
point equal to end exercise on com-
Pressed air (Isotime) correlated with in-
creased duration of exercise, r* = 0.66,
P = 0.001.
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and any resting pulmonary function,
blood gas, or echocardiographic or clin-
ical parameter.

Inhalation of 40% O, resulted in slight
rises in Paco, at rest as mean Paco, in-
creased from 40.6 + 1.9 mm Hg on CA
to 42.5 + 2.5 mm Hg (p = 0.01), and
at the end of exercise, it increased from
46.4 + 3.7mm Hg on CA t0 49.9 + 3.8
mm Hg on 40% O, (p = 0.01). The mean
pH did not differ between the CA and
40% O, studies at any point in time.

Right ventricular systolic pressures
measured at rest in the supine position
were 38 + 4 mm Hg on CA and 36 +
3 mm Hg on 40% O, (p = NS). Seven
of the patients had a resting RVSP more
than two standard deviations above the
laboratory normal value of 23 mm Hg
(18). With exercise, RVSP on CA in-
creased to 71 + 8 mm Hg, and every pa-
tient had an RVSP more than two stan-
dard deviations above the normal peak
exercise value of 30 mm Hg (18). Oxygen
delayed the rise in RVSP with incremen-
tal exercise (Isotime RVSP 60 + 5 mm
Hg compared with 71 + 8 mm Hg) and
lowered the peak RVSP from 71 + 8 to
64 + 7 mm Hg (p = 0.01). However,
there was no significant correlation be-
tween oxygen-induced changes in RVSP
and duration of endurance exercise (r* =
0.17, p = 0.21).

Discussion

Dyspnea is the sensation that breathing
is uncomfortable, distressing, or requires
greater than normal effort. Dyspnea in
patients with chronic lung disease is usu-
ally most bothersome with exertion, lim-
iting the patient’s ability to perform nor-
mal activities. Treatment of dyspnea de-
pends primarily on treatment of the
underlying disease. However, even after
such treatment has been exhausted, dys-
pnea may remain a major management
problem (17). A variety of approaches,
including pulmonary rehabilitation, O,
therapy, ventilatory muscle training,
pursed lip breathing, psychotherapy, bio-
feedback, opiates, and carotid body sur-
gery, have been used to relieve this fright-
ening symptom (6, 17, 22-25). Though
O, supplementation increases longevity
in severely hypoxemic patients with
COPD (4, 5), its role in the treatment of
dyspnea per se is not established, and
most studies of O, therapy have not ad-
dressed this issue. By clinical experience,
the response of dyspnea to O, is variable
among individuals. The utility of O, ther-
apy for dyspnea in the patient with mild
or borderline resting hypoxemia (Pag, >
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60) is particularly controversial (26), and
this form of therapy is generally not cov-
ered by third-party payers (2).

To help clarify the role of oxygen ther-
apy in the treatment of the symptom of
dyspnea per se, we measured the response
to a moderate level of supplemental oxy-
gen (40%) during exercise in 12 patients
with severe COPD (mean FEV,; = 0.89)
and only mild resting hypoxemia (mean
Pao, = 71). Supplemental O, prevented
desaturation, increased endurance exer-
cise time by 38%, and delayed the rise
in dyspnea. (Dyspnea score at Isotime fell
by 25%.) Ventilation at Isotime decreased
from 36 to 33 L/min (p < 0.05), possibly
explaining part of the decrease in dys-
pnea, though the correlations between
improvement in endurance and decrease
in ventilation did not reach statistical sig-
nificance. Changes in Isotime heart rate
and RVSP were also small, although
statistically significant. The importance
of the small fall in RVSP is unclear. While
we suspect it was due to a beneficial ef-
fect of oxygen on either pulmonary vas-
cular resistance or cardiac output, it
could conceivably have been due to the
depressive effect of oxygen on minute
ventilation resulting in less dynamic
hyperinflation. Improvement in exercise
duration correlated with decrease in dys-
pnea (r* = 0.66, p = 0.001) but not with
decreases in heart rate, ventilation, or
RVSP. The beneficial response to O,
could not be predicted from resting pul-
monary function, or echocardiographic
or clinical parameters. Four patients had
> 100% increase in duration of exercise
with O,, but only two of these four
desaturated while exercising on room air.
These data will add to the controversy
about the utility of oxygen treatment for
dyspnea apart from the benefit of oxy-
gen for the physiologic dysfunction as-
sociated with severe chronic lung disease.

The potential of oxygen supplemen-
tation to improve exercise performance
has been recognized for some time. Cotes
and Gilson (1) showed in 1956 that ad-
ministration of supplemental O, (30, 50,
or 100%) improved walking time on a
treadmill more than 100% in 22 of their
29 patients with severe pneumoconiosis.
They found that 30% O, was nearly as
effective as 50% or 100%. Subsequent-
ly, other uncontrolled studies reported
improvement in level of function with
supplemental O, (27). However, these
studies were all performed in very hypox-
emic patients for whom there would now
be no question about the need for O, (4,
5). Results in less hypoxemic patients
have not been as clear. Longo and col-
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leagues (26) reported lack of response to
0, in 27 mildly hypoxemic patients (mean
Pap, = 64 mm Hg) studied on the tread-
mill (incremental) with CA or O, (either
2 or 4 L/min. They found no changes
in respiratory rate, heart rate, or blood
pressure, and stated (without reporting
the data) that exercise tolerance and dys-
pnea were unaffected by either level of
O;. Only 6 of these 27 patients desatu-
rated with exercise, and there was a non-
significant tendency for this subgroup to
do better with supplemental O,. In con-
trast, Vyas and coworkers (8) reported a
similar group of patients with even higher
mean Pag, (72 mm Hg) but showed that
administration of 40% O, in a double-
blind protocol (cycle ergometer) result-
ed in increased duration of exercise, max-
imal work rate, and O, consumption and
decreased VE and ventilatory rate at equal
work loads. Bradley and colleagues (28)
also looked at a group of only mildly
hypoxemic patients (mean Pap, = 69
mm Hg), most of whom desaturated with
exercise (mean Paog, = 59 mm Hg). They
found that 5 L/min of O, given by nasal
prongs did not affect maximum work rate
on the treadmill (grade increased 2% ev-
ery minute until exhaustion) but that en-
durance at a submaximal work load in-
creased approximately 50% while breath-
ing O, compared with CA. None of these
authors specifically measured dyspnea.

In contrast to these studies, Woodcock
and coworkers (6) actually measured
changes in dyspnea as well as exercise
tolerance in response to oxygen supple-
mentation. Woodcock and colleagues
studied “pink puffer” patients with mild
hypoxemia. They measured not only the
distance walked to exhaustion on the
treadmill but also asked patients to grade
the severity of their dyspnea each min-
ute on a 10-cm visual analog scale. Al-
though their patients desaturated only
mildly with exercise (mean decrease in
Paop, was from 73 to 63 mm Hg), sup-
plemental O, at 4 L/min by nasal cannu-
lae produced a variable, clinically modest
but statistically significant improvement
in both dyspnea and distance walked.
Unfortunately, they did not relate the
amount of improvement to the degree of
desaturation that occurred during exer-
cise on room air. However, in their ear-
lier study, Bradley and coworkers found
no correlation between degree of desat-
uration on room air exercise and subse-
quent response to supplemental O, in 26
patients with COPD measured by im-
provement in endurance (28).

Stein and coworkers (9) looked at the
impact of 30% O, on treadmill exercise

in a group of nine mildly hypoxemic
COPD patients (mean Pap, = 63 mm
Hg, though two patients had Pao, < 56)
and found that O, significantly improved
exercise performance, whether measured
by length of time on the treadmill or by
improvement in Vo,max (up 34%). They
felt that the improvement in exercise was
due to delay in the rise of VE to the “max-
imum” level that had been found at end
exercise on room air. In their study, ven-
tilation correlated weakly but significant-
ly with O, saturation, and the authors
thought that the delay in reaching this
level of ventilation was due to decrease
in respiratory drive induced by breath-
ing O,. There was also a reduction in Vco,
and blood lactate, and these findings also
could have contributed to a reduction in
respiratory drive. Unfortunately, these
authors did not measure dyspnea.
While hypoxemia can be a major
stimulus for dyspnea, it is often absent
in dyspneic patients (6). Variability of
hypoxic drive and sensitivity of the
carotid bodies explain part of the vari-
ability in the symptom of dyspnea,
though recent work has shown that the
ability of O, to improve exercise perfor-
mance does not correlate with the level
of hypoxic drive (29, 30). Oxygen sup-
plementation might affect the sensation
of dyspnea in several ways. As peripher-
al chemoreceptor stimulation by hypox-
emia may directly elicit dyspnea in nor-
mals (11, 12), hyperoxemia might decrease
dyspnea by directly decreasing chemo-
receptor activity. Even normal levels of
arterial oxygenation probably elicit sig-
nals from the carotid bodies that might
contribute to dyspnea, as it has been
shown that increasing Fip, above 0.21 in
normal subjects may dramatically pro-
long breath-holding (31). With 100% O,,
normal subjects were able to breathhold
as long as those with no carotid body
function. Adams and colleagues (12)
showed that the onset of dyspnea precedes
increased VE-associated with breathing
hypoxic gas mixtures while exercising.
There is also evidence that O, supplemen-
tation improves respiratory muscle func-
tion and delays the onset of respiratory
muscle fatigue; both of these changes
would decrease the sensation of effort
(i.e., dyspnea) from the respiratory mus-
cles (10). This effect of O, could be due
in part to the decrease in the total venti-
lation required before reaching a “limit-
ing” exercise ventilation (9). On the oth-
er hand, if O, changes the perception of
respiratory discomfort (perhaps mediat-
ed in part through signals from the caro-
tid body), a major benefit of O, would
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be to decrease the level of dyspnea expe-
rienced at each workload without any
change in ventilation.

Our study supports the concept that
inhibiting signals from the carotid bod-
ies with supplemental oxygen may de-
crease dyspnea as well as decrease ven-
tilatory demand and thereby improve ex-
ercise performance. This response to
supplemental O, is highly variable and
appears to be identifiable only with ex-
ercise testing. Simply looking at exercise-
induced desaturation is insufficient. In
our study, the correlations between end
exercise Pag, or oxyhemoglobin satura-
tion and differences in endurance were
weak. All but one patient improved when
breathing 40% O,, but only two of the
four patients with 100% or greater im-
provement in endurance had oxy-
hemoglobin desaturation while exercis-
ing on CA. Also, in our study, measure-
ments of dyspnea correlated more closely
with the increase in endurance time than
changes in VE, heart rate, oxyhemoglo-
bin saturation, or RVSP. These findings
suggest that oxygen-induced reduction in
direct “dyspnogenic” signals to the CNS
may be important apart from the effect
of O, on ventilatory and hemodynamic
responses to exercise. Thus, improvement
in breathlessness with O, supplementa-
tion may be more dramatic than improve-
ment in parameters more commonly
measured during standard pulmonary ex-
ercise tests. The findings of our study in-
dicate the potential importance of mea-
suring dyspnea as well as the usual phys-
iologic parameters during exercise testing.

It is not yet clear which patients with
COPD should be offered supplemental
O, with exercise if they do not meet the
standard NOTT (4) criteria. The response
to O, in such patients can be dramatic
during laboratory exercise testing, though
the significance of this for home use has
not been established. If a patient’s exer-
cise tolerance is severely limited by dys-
pn-4a, it is worth considering endurance
testi 1g to determine in a blinded fashion
whether supplemental O; substantiaily
(e.g., by more than 50%) improves exer-
cise tolerance and/or the symptoms lim-
iting exercise (2). Such an exercise study
allows the patient and his or her physi-
cian to determine whether endurance and

dyspnea really are improved by O, and
whether a home trial of this expensive
and inconvenient treatment is indicated.
Results from such studies may also help
the treating physician justify the use of
supplemental O, to third-party payors.
Although this justification is easiest if
exercise-induced hypoxemia develops,
the results may be sufficient to allow
reimbursement for O, even in its absence.
Further research is needed to determine
whether patients who respond to sup-
plemental O, in the exercise laboratory
actually benefit clinically from long-term
supplemental O, therapy.
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