Effects of Inhaled Furosemide on Exertional Dyspnea
in Chronic Obstructive Pulmonary Disease
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The aim of this study is to investigate the effects of inhaled furosemide
on the sensation of dyspnea produced during exercise in patients
with stable chronic obstructive pulmonary disease (COPD). In a
double-blind, randomized, crossover study we compared the effect
of inhaled furosemide on dyspneic sensation during exercise testing
with that of placebo. Spirometry and incremental and constant-load
exercise testing were performed after inhalation of placebo or furose-
mide on 2 separate days in 19 patients with moderate or severe
COPD. Subjects were asked to rate their sensation of respiratory
discomfort using a 100-mm visual analog scale. There was signifi-
cant improvement in mean FEV; and FVC after inhalation of furose-
mide (p = 0.038 and 0.005, respectively) but not after placebo. At
standardized exercise time during constant-load exercise testing
but not during incremental exercise, the mean dyspneic visual ana-
log scale score was lower after inhalation of furosemide compared
with placebo (33.7 = 25.2 vs. 42.4 = 24.0 mm, respectively, p =
0.014). We conclude that inhalation of furosemide alleviates the
sensation of dyspnea induced by constant-load exercise testing in
patients with COPD and that there is significant bronchodilation
after inhalation of furosemide compared with placebo in these
patients.
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Dyspnea is the hallmark symptom of chronic obstructive pulmo-
nary disease (COPD) and is a major cause of disability and
anxiety associated with the disease (1). It is also the reason most
patients with COPD seek medical attention (1). Patients with
COPD are known to experience dyspnea at lower levels of exer-
cise than unaffected individuals as a consequence of multiple
pathophysiologic factors (2). Although exertional symptoms may
be mild at the outset, exercise limitation is the most disabling and
distressing consequence of COPD for the majority of patients.

The interest in the clinical application of inhaled furosemide
has grown in the last few years. Inhalation of furosemide has been
shown to have an inhibitory effect on experimentally induced
cough (3) and to prevent bronchoconstriction in patients with
asthma (4-6). Recently, inhaled furosemide has been observed to
decrease the sensation of experimentally induced dyspnea. In a
double-blind, randomized, crossover study (7) performed on 12
healthy subjects, there was remarkable prolongation of both the
total breathholding time and the period of breathhold with no
respiratory sensation after inhalation of furosemide. The develop-
ment of respiratory discomfort induced by a combination of re-
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sistive loading and hypercapnia was also much slower and less
than that observed after inhalation of placebo.

Because patients with COPD may experience, especially dur-
ing exercise, dyspnea similar to that experienced by the normal
subjects with resistive loading and hypercapnia in the study by
Nishino and coworkers (7), it would be reasonable to hypothesize
that furosemide inhalation would also relieve dyspnea during
exercise in COPD. In the present study, we performed a double-
blind, randomized, crossover study to investigate the effect of
inhaled furosemide on the sensation of dyspnea during exercise
in patients with COPD. As it is unknown whether inhaled furose-
mide has any bronchodilating effects in chronic airflow limita-
tion, a secondary aim of this study was to investigate the effects
of inhaled furosemide on spirometry of patients with COPD.

METHODS

Subjects were patients with stable COPD who satisfied the following
criteria: (/) moderate to severe COPD (FEV, < 70% predicted) with
a clinical course consistent with chronic bronchitis and/or emphysema
and a long history of cigarette smoking, (2) moderate to severe chronic
breathlessness (Medical Research Council Dyspnea Scale Grades 4 and
5) (8), (3) age 50 years or older, and (4) clinically stable as defined by
no exacerbations or hospital admissions in the preceding 6 weeks.

The study was conducted on 2 days (not more than 2 weeks apart)
in a double-blind, randomized, crossover design. Eligible subjects were
assigned to the order of study visits (placebo—furosemide or furosemide—
placebo) using simple randomization. On each of the 2 days, baseline
spirometry was performed before the patient was asked to inhale furose-
mide (4 ml of furosemide as a 10 mg/ml solution) or placebo (4 ml of
0.9% saline solution), administered by means of a jet nebulizer and
nebulized to dryness with the subjects breathing tidally over 15 minutes.

Incremental cardiopulmonary exercise testing was performed imme-
diately after completion of nebulization. After recovery from exercise
and at 1 hour after nebulization of placebo or furosemide, the patients
performed another spirometry. After this, the patients rested and
1 hour after termination of the incremental exercise test, they received
another nebulization of furosemide or placebo (the same agent as that
received earlier in the day) followed immediately by constant work
rate (CWR) exercise testing at 70% of the peak work rate achieved in
the initial incremental cardiopulmonary exercise testing. Figure 1 shows
the timing of events and measurements during experimental visits.

At the beginning of every minute during exercise testing, each pa-
tient was asked to rate the intensity of sensation of dyspnea using a
visual analog scale (VAS) (9). The analog scale consisted of a vertical
straight line, 100 mm in length with 10 equally spaced markers. It was
labeled 100 at the top and 0 at the bottom. Patients were instructed to
point to a spot on the line indicating the sensation of respiratory discom-
fort at that point in time. The numerical value of zero indicated no
sensation at all and 100 indicated a sensation that was intolerable.
Dyspnea was defined as an unpleasant urge to breathe with no further
clarification or definition given.

The primary outcome measures were dyspneic VAS scores during
incremental and CWR exercise testing after inhalation of placebo or
furosemide. We compared the exercise responses at standardized exercise
time (SET) during incremental and during CWR exercise testing for each
patient. We analyzed the data obtained during exercise testing after
placebo inhalation and after furosemide inhalation using two-tailed
paired ¢ tests. SET was equal to the time of the highest equivalent amount
of work (isoworkrate) or time (isotime) completed in the incremental
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Figure 1. The timing of events and measurements for every experimen-
tal visit.

or endurance exercise tests for each patient, that is, the time of the
shorter of the two incremental or endurance tests for each patient.
Spirometry results at baseline, after placebo inhalation and after
furosemide inhalation, were also analyzed using two-tailed paired ¢
tests.
Additional details on the method for making these measurements
are provided in an online supplement.

RESULTS

Of the 20 patients recruited, 8 were randomized to receiving
placebo first and 12 to receiving furosemide first. Nineteen pa-
tients completed all the experimental protocols performed on
2 separate days. One patient developed acute wheezing and
breathlessness after performing spirometry subsequent to inha-
lation of placebo on the first study visit and refused to participate
further in the study. The data for this patient is excluded from
analysis. The baseline anthropometric and pulmonary function
data of the remaining 19 patients are shown in Table 1. All
the patients had moderate or severe COPD as defined by the
European Respiratory Society guidelines (10). Table 2 shows
the spirometry results of patients before and after inhalation of
placebo or furosemide and exercise testing. After inhalation of
furosemide and exercise, there was significant improvement in
mean FEV, and FVC compared with placebo (p = 0.038 and
0.005, respectively). There was also a significant difference in
the mean FEV, after furosemide and exercise when compared
with the mean FEV, after placebo and exercise (p = 0.040).
During incremental exercise testing after inhalation of pla-
cebo, 12 patients (63.2%) were ventilatory limited as they
achieved all three of the following criteria: (1) a ratio of the VE
at peak exercise (VEmax) to the maximal voluntary ventilation
(MVYV; calculated as FEV, X 40) more than 0.8, (2) MVV —
Vemax less than 12 L/minute, (3) maximum heart rate more
than 90% predicted. Eleven (57.9%) patients had ventilatory
limitation of exercise after inhalation of furosemide. All patients
who had ventilatory limitation of exercise reported dyspnea as

TABLE 1. ANTHROPOMETRIC AND PULMONARY
FUNCTION DATA

Male:Female 19:0
Age, yr 68 + 6(50-75)

Height, m 1.65 + 0.05(1.52-1.70)
Weight, kg 57.9 = 11.3(38.0-86.3)
Body mass index 21.3 + 4.0(14.5-30.2)

FEV;, L 1.02 + 0.40(0.47-1.74)

FEV;, % predicted
Postbronchodilator FEV;, % predicted
FVG, L

FVC, % predicted

FEV,/FVC, %

42.1 + 16.3(19.0-69.0)
44.5 + 16.8(20.0-74.0)
2.21 = 0.53(1.20-3.02)
75.1 + 15.5(40.0-97.0)
46.7 + 13.5(22.0-65.0)

Values presented are means = SD (range) except male:female ratio.
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the limiting symptom at peak exercise. The remaining patients
complained of leg fatigue as the predominant symptom limiting
exercise. Four patients had significant oxygen desaturation by
pulse oximetry of greater than 4% during incremental exercise
after placebo compared with six patients who had significant
oxygen desaturation during exercise after furosemide. As shown
in Table 3, none of the selected variables during peak exercise
were significantly different after inhalation of placebo or furose-
mide. In particular, the dyspneic VAS score at peak exercise
was lower after furosemide than after placebo but the difference
was not statistically significant (p = 0.391). There was also no
significant difference in exercise responses at SET during incre-
mental exercise testing (see Table 4). The mean dyspneic VAS
scores at SET during incremental exercise testing after inhalation
of furosemide and after placebo were 35.5 * 23.7 and 35.8 =
22.1, respectively (p = 0.921).

At termination of CWR exercise testing, 16 patients reported
dyspnea as the limiting symptom after inhalation of placebo,
whereas the rest reported leg fatigue only as the predominant
symptom limiting exercise. During CWR exercise testing after
inhalation of furosemide, 11 patients reported dyspnea as the
limiting symptom, whereas leg fatigue was the predominant
symptom for the remainder. At SET during CWR exercise test-
ing, the mean dyspneic VAS score was lower after inhalation
of furosemide compared with placebo (33.7 = 252 vs. 42.4 *
24.0, respectively; p = 0.014) (Table 5). Except for three patients,
all other patients had lower or similar VAS scores after inhala-
tion of furosemide compared with placebo (see Figure 2). Al-
though the mean duration of CWR exercise achieved by patients
was longer after furosemide than after placebo (619 = 94 vs.
572 = 90 s, respectively), the difference was not statistically
significant (p = 0.497).

Mean VAS scores over time during CWR exercise testing is
shown in Figure 3. The VAS scores at the beginning, early, and
intermediate stages of exercise testing were similar but differed
toward the end of constant-load exercise testing.

The subjects and investigators in this study were successfully
and totally blinded to the study drugs during the course of the
study. None of the subjects noticed any differences during or
after inhalation of furosemide and placebo. In particular, none
of the subjects expressed a bitter taste in the throat, a known
association after inhalation of furosemide, although this was not
specifically asked of each subject. Only one patient reported a
desire to urinate after incremental exercise testing after inhala-
tion of furosemide. No other systemic or adverse effects of furo-
semide were noted during the study.

DISCUSSION

The main findings of this study are that inhalation of furosemide
alleviates the sensation of dyspnea induced by constant-load exer-
cise testing in patients with COPD and that there is significant
bronchodilation after inhalation of furosemide compared with
placebo in these patients. The finding of reduction in dyspneic
sensation after inhalation of furosemide is consistent with the
findings of Nishino and coworkers (7) who demonstrated that
inhaled furosemide greatly alleviates the sensation of dyspnea
induced experimentally by breathholding and by a combination
of resistive loading and hypercapnia in normal subjects. Inhaled
furosemide has also been found to suppress the behavioral re-
sponse to airway occlusion in anesthetized cats without affecting
their response to somatic noxious stimuli (11). These experimental
findings are also in agreement with several clinical observations
of nebulized furosemide being an effective and useful palliative
treatment for dyspnea in patients with terminal illness. Shimoyama
and Shimoyama (12) described three patients with terminal cancer
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TABLE 2. SPIROMETRY DURING CONTROL AND TEST TRIALS

After Placebo and Before After Furosemide and
Before Placebo Exercise Furosemide Exercise
FEV,, L 1.07 = 0.37 1.06 = 0.36 1.05 = 0.39 1.10 = 0.42F
FEV,, % predicted 43.95 = 14.78 43.53 = 14.53 42.89 = 15.30 45.37 = 16.66¢
FVC, L 2.19 = 0.60 2.22 = 0.58 2.14 + 0.62 2.34 = 0.63%
FVC, % predicted 71.37 = 18.63 72.37 = 17.65 69.68 + 18.71 75.95 = 18.69%
FEV,/FVC, % 49.56 = 13.66 48.18 = 13.11 49.38 = 11.21 46.96 = 11.87¢
PEF rate, L/min 335+ 1.16 3.17 £ 1.10 3.26 = 1.36 3.27 = 1.41
PEF rate, % predicted 45.8 = 16.1 433 £ 154 44.4 = 18.6 44.5 = 19.0*

Values are means = SD.
"p < 0.05, compared with values before placebo.

Tp < 0.05, compared with values before furosemide and after placebo.

#p < 0.05, compared with values before furosemide.

having severe dyspnea in whom 20 mg of furosemide nebulized
and inhaled four times a day dramatically improved the dyspnea
and controlled the symptom for weeks. Another recent study (13)
reported that nebulized furosemide improved dyspnea scores in
12 of 15 patients with terminal cancer whose dyspnea was uncon-
trollable by standard therapy. Stone and colleagues (14) also re-
ported that inhaled furosemide caused a remarkable improvement
of severe dyspnea in a patient with end-stage pulmonary Kaposi’s
sarcoma. Contrary to their earlier findings, Stone and Kurowska
(15) recently described the initial findings of a double-blind
placebo-controlled study in patients with cancer that showed no
significant difference between the furosemide and saline arms for
dyspnea. However, this study only investigated the effectiveness
of a single dose of furosemide, rather than the regular dosing as
described by Shimoyama and Kurowska in their case reports.
Presently the effectiveness of nebulized furosemide for dyspnea
in patients with terminal cancer has not been established.

Both incremental and constant-load exercise testing have been
used to assess therapeutic responses in patients with COPD. The
finding of improved dyspnea sensation after furosemide inhalation
during constant-load endurance testing but not at peak exercise
during incremental exercise testing and requires further elucida-
tion. In a study aimed at testing the reproducibility of Borg dys-
pnea ratings, inspiratory capacity (to monitor lung hyperinflation)
and endurance time during constant-load symptom-limited cycle
exercise in patients with advanced COPD, O’Donnell and cowork-
ers (16) found that Borg ratings of dyspnea measured with this

TABLE 3. SELECTED PARAMETERS AT PEAK EXERCISE
DURING INCREMENTAL CARDIOPULMONARY
EXERCISE TESTING

Placebo Furosemide
WR, W 489 + 223 48.2 + 23.2
Vo,, ml/min 777.1 = 412.2 765.4 = 437.8
VAS score 429 = 25.1 40.3 = 25.0
VE, L/min 31.5£11.3 32.4 = 13.2
VT, L 0.98 = 0.28 1.00 + 0.31
f, breaths/min 33 +10 34 10
Ti/Ttot 0.40 = 0.07 0.41 = 0.05
VT/Ti, L/s 1.19 = 0.37 1.23 + 0.44
HR, beats/min 139 + 24 132 + 23
BP, mm Hg 182/81 + 31/13 183/88 + 35/11
RER 0.88 = 0.14 0.90 + 0.15
Sao,, % 93.0 = 3.6 93.1 = 4.4

Definition of abbreviations: BP = blood pressure; f = respiratory frequency;
HR = heart rate; RER = respiratory exchange ratio; Ti, inspiratory time; Ti/Ttot =
respiratory duty cycle; VAS = visual analog scale; WR = work rate.

Values are means = SD.

exercise protocol were highly responsive to treatment with ipra-
tropium bromide and highly reproducible when repeated over an
8-week period. In contrast, the Borg ratings at the symptom-
limited peak of exercise after incremental workload testing, al-
though highly reproducible, were poorly responsive to the inhaled
anticholinergic agent. Oga and coworkers (17) also compared
three different exercise tests (progressive cycle ergometry, cycle
endurance test, and 6-minute walking test) and found that the
endurance test was the most sensitive in detecting the effects
of inhaled oxitropium bromide. Hence, dyspnea ratings during
incremental exercise testing may not be as sensitive in evaluating
symptom responses to therapy as ratings of dyspnea during endur-
ance exercise testing. Another possible explanation for the positive
outcome during endurance but not incremental exercise testing
in this study is that the furosemide inhalation was repeated before
constant-load exercise tests. Repeating the dose of inhaled furose-
mide before constant-load exercise tests in this study was neces-
sary, as its effect might have diminished over the duration of the
trial in each patient otherwise. Nonetheless, this could have led
to a greater effectiveness of the drug in reducing dyspnea during
the constant-load exercise tests. The duration of action of inhaled
furosemide is not known. In the study by Nishino and coworkers
(7), dyspneic sensation was measured for only 15 minutes after
inhalation of 40 mg of furosemide. None of the previous studies
evaluating inhaled furosemide in acute asthma (described subse-
quently) had monitored symptoms or lung function longer than
60 minutes. With regard to its protective effect on exercise-induced
asthma, Novembre and coworkers (18) found that doubling the
dose of inhaled furosemide (30 vs. 15 mg) has a longer duration
of action but no difference in protective effect on exercise-induced
asthma in children.

Although furosemide prevents or attenuates bronchospasm

TABLE 4. RESPIRATORY VARIABLES AT STANDARDIZED
EXERCISE TIME DURING INCREMENTAL EXERCISE TESTING

Placebo Furosemide p Value
WR, W 46.4 + 22.4 46.4 + 22.4 -
VAS score 35.8 = 22.1 35.5 = 23.7 0.921
Ve, L/min 28.5 = 10.4 29.3 £ 10.5 0.428
VT, L 0.93 = 0.30 0.99 + 0.33 0.229
f, breaths/min 31 £ 8 31 8 0.875
Ti/Ttot 0.42 + 0.11 0.41 = 0.06 0.692
VT/Ti, L/s 1.16 = 0.39 1.18 = 0.39 0.685
Sao,, % 933+ 3.6 93.0 = 4.2 0.567

Definition of abbreviations: f = respiratory frequency; Ti, inspiratory time; Ti/
Ttot = respiratory duty cycle; VAS = visual analog scale; WR = work rate.
Values are means * SD.
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TABLE 5. RESPIRATORY VARIABLES AT STANDARDIZED
EXERCISE TIME DURING CONSTANT WORK RATE
EXERCISE TESTING

Variable Placebo Furosemide p Value
WR, W 343 £ 16.0 343 £ 16.0 -
Duration of exercise, s 482 + 370 482 + 370 -
VAS score 42.4 = 24.0 33.7 £ 25.2 0.014
VE, L/min 264 +9.4 24.1 =103 0.159
VT, L 0.90 = 0.28 0.86 = 0.31 0.398
f, breaths/min 31 =10 30 £ 12 0.576
Ti/Ttot 0.42 = 0.07 0.43 = 0.11 0.328
V1/T, L/s 1.07 = 0.36 0.98 = 0.44 0.206
Sao,, % 92.8 = 4.0 92.5 4.8 0.731

For definition of abbreviations see Table 4.
Values are means = SD.

caused by many factors, such as hyperpnea, drugs (metabisulfite,
bradykinin, AMP), physical agents (hypotonic and hypertonic
aerosols), and allergen challenge in patients with asthma (4-06),
its acute bronchodilator effect is questionable (19) and its effec-
tiveness in acute exacerbation of asthma is unproved (20). It has
also been shown that furosemide has no direct effect on the
airway smooth muscle in vitro (21, 22). Several randomized,
double-blind trials investigating the short-term responses of in-
haled furosemide in addition to standard treatment in acute
asthma exacerbation have recently been published. Pendino and
coworkers (23) evaluated patients with acute asthma in the emer-
gency department given nebulized salbutamol and either 40 mg
nebulized furosemide or saline solution. No significant difference
in PEF rates was detected before, 15 minutes, and 30 minutes
after therapy. However, subgroup analysis of patients whose
exacerbations were of short duration (< 8 hours) showed that
PEF rate improved significantly more in the furosemide-treated
group at 15 and 30 minutes. Gonzalez-Sanchez and coworkers
(20) studied emergency room pediatric patients with asthmatic
exacerbation, comparing furosemide and albuterol (1 and 0.15
mg/kg, respectively) with albuterol (0.15 mg/kg). An increase of
FEV, of 22.8 = 4.3% in drug combination group versus increase
in FEV, of 18.0 = 2.6% in the albuterol group at 60 minutes
was detected but the difference was not significant. Hinckley
(24) studied adult patients with acute exacerbations of asthma,
comparing nebulized albuterol 5 mg with placebo versus albut-
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Figure 2. Visual analog scale (VAS) scores at standardized exercise time
during constant work rate exercise testing after inhalation of furosemide
or placebo. Thin lines represent individual patients; the thick lineindicates
mean values. Two subjects were at 50 after placebo inhalation and 30
after furosemide inhalation.
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Figure 3. Mean VAS scores during constant work rate exercise testing
(open squares = after placebo; closed squares = after furosemide).

erol 5 mg with furosemide 40 mg. No difference in treatment
arms with regard to PEF rate, dyspnea score, and number of
rescue albuterol treatments was detected at 30 and 60 minutes.
Although the above studies suggest that inhaled furosemide has
only a limited role in the treatment of asthmatic exacerbations
in adults and children when used in addition to standard therapy
like albuterol, they do not rule out the possibility that inhaled
furosemide, when used singly, may have acute bronchodilator
effects compared with placebo. The bronchodilating effect of
furosemide is further supported by two earlier studies. Ono
and coworkers (25) showed that patients with acute asthma
exacerbation given nebulized furosemide 20 mg or normal saline
(placebo) in addition to intravenous aminophylline showed an
increase in FEV; in the furosemide group at 60 minutes, signifi-
cantly higher than in the control group. Among patients with
stable and chronic asthma, a comparative trial (26) involving
patients given aerosolized 1% salbutamol versus high-dose (100
mg) furosemide showed that furosemide 100 mg has the same
bronchodilator effect as salbutamol, as measured by FEV; and
FEF,s 754, To our knowledge, the bronchodilating effect of in-
haled furosemide in acute or stable COPD has not been reported
previously.

The improvement in FEV, after furosemide inhalation may
suggest that the overall reduction in dyspneic sensation during
endurance testing among the patients in this study might be
accounted for by bronchodilation induced by inhaled furose-
mide. After inhalation of furosemide and exercise, the increase
in FVC was proportionally greater than the increase in FEV|,
leading to a significant decrease in FEV,/FVC. Assuming that
the total lung capacity remained constant in each patient, the
increase in FVC reflects reciprocal decrease in residual volume,
i.e., the degree of hyperinflation at rest is reduced. Whether the
degree of hyperinflation during exercise is also reduced is not
known. As dynamic lung hyperinflation is an important causative
factor of exertional dyspnea in COPD (27), future studies should
include measurement of the level of lung hyperinflation at rest
and during exercise. However, the VE at SET during incremental
and CWR exercise testing was not significantly different after
furosemide and after placebo in this study. This observation
makes the sole explanation for the alleviation of dyspnea by
bronchodilation less likely although it does not exclude the possi-
bility that it may be a contributory factor.

Besides bronchodilation, other possible mechanisms for the
alleviation of dyspnea during exercise after furosemide inhalation
should also be considered. It has been postulated that inhaled
furosemide has a primary effect on the airway epithelium and
may influence the responsiveness of sensory nerve endings or
affect the activation of inflammatory cells by inhibiting mediator
release from these cells (4, 5, 28). Nishino and coworkers (7)
hypothesized that the observed alleviation of dyspnea after inhala-
tion of furosemide in healthy subjects was caused by the altered
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activity of sensory receptors. In particular, inhaled furosemide is
considered to cause a decrease in the activity of vagal irritant and
C-fiber receptors, stimulation of which increases the intensity of
dyspnea and alters its quality while increasing the activity of pul-
monary stretch receptors, the activation of which relieves the
sensation of respiratory distress. The subsequent finding that in-
haled furosemide activates pulmonary stretch receptors and inhib-
its the activity of pulmonary irritant receptors in anesthetized rats
(29) supported this hypothesis. In this study, the observation that
the effects of furosemide on reducing dyspneic sensation were
mainly evident at higher levels of ventilation during constant-load
exercise may be an indication of the effects of furosemide on lung
receptors. The firing of the pulmonary stretch receptors increases
with the degree as well as the rate of lung inflation. In fact, at higher
lung volumes, the receptors are known to show more marked
sensitivity to changes in flow rate than to changes in lung volume.
The irritant receptor fires predominantly during inflation and its
firing also depends strongly on the rate of airflow (30). In addition,
activation of slowly adapting pulmonary stretch receptors is known
to decrease airway cholinergic tone (31), and their stimulation by
furosemide may also account for the bronchodilation observed
in this study. Other postulations for the reduction of dyspneic
sensation by furosemide include effects on ventilatory drive and
carbon dioxide chemosensitivity. However, the VT/inspiratory
time ratio and other breathing pattern parameters during exercise
after furosemide or placebo were not significantly different in this
study to suggest an effect on the ventilatory drive by furo-
semide. Minowa and coworkers (32) recently demonstrated that,
in healthy subjects, inhaled furosemide improved dyspnea pro-
duced by hypercapnic hyperpnea but the mechanism of the im-
provement was not associated with the decrease in carbon dioxide
chemosensitivity.

Although there was a reduction in dyspneic sensation at SET
during endurance exercise testing after furosemide inhalation, no
significant improvement in exercise endurance time was observed.
In patients with COPD, ventilatory limitation is considered to be
the most important reason for stopping exercise (33). As with
previous studies that failed to show significant effects of bronchod-
ilators on exercise capacity (33), a limitation of the present study
was that it was unclear whether the patients were actually limited
by their ventilatory capacity. Some patients could have stopped
exercising due to nonventilatory reasons, such as leg muscle fa-
tigue. In these instances, the extent to which furosemide inhalation
alleviates dyspneic sensation during exercise may be irrelevant to
the improvement of exercise endurance. Whereas dyspnea is more
likely to be the primary limiting symptom in more advanced
COPD, leg discomfort has been shown to be the predominant
limiting symptom in mild to moderate disease (34). Hence, further
studies should be performed on patients with more severe airflow
limitation and the ratings for both dyspnea and leg fatigue during
exercise should be evaluated to determine their contribution to
limiting exercise.

In conclusion, inhalation of furosemide alleviates the sensa-
tion of dyspnea during constant-load exercise testing in patients
with stable COPD. There is small but statistically significant
improvement in mean FEV, after inhalation of furosemide com-
pared with placebo in these patients.
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