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Abstract

Objective: To examine the effect of nebulized furosemide as an adjunct to the conventional
treatment of patients with chronic obstructive pulmonary disease (COPD) exacerbation in an

emergency department.

Method: In this randomized double-blinded clinical trial, patients with the clinical presentation of
COPD exacerbation were randomized to receive 40 mg nebulized furosemide (intervention group) or
placebo (control group) as an adjunct to their conventional treatments. Changes in the severity of
dyspnea (dyspnea-Visual Analog Scale), Forced Expiratory Volume in one second (FEV,), arterial
blood gas (ABG) measurements, blood pressure, pulse rate and respiratory rate were assessed at the

baseline and compared in the two groups, one hour after the treatment.

Result: One hundred COPD patients with the mean age of 73.1+ 8.7 were randomized. Clinical
parameters including the severity of dyspnea and FEV1 improved significantly after both therapies,
whereas higher FEV1 and lower severity of dyspnea were observed in the furosemide group
compared to the placebo group (p<0.001). In addition, patients treated with nebulized furosemide
yielded a significant elevation in the mean pH and Pao2 an hour after the treatment (p<0.001). There
was a significant decrease in the mean blood pressure and pulse rate in the furosemide group

compared with the placebo.

Conclusion: Nebulized furosemide as an adjunctive to the conventional treatment demonstrated
additional clinical benefits for acute management of patients with COPD exacerbation. This may

provide an additional therapeutic option in treatment of patients with COPD exacerbation.

Keywords: COPD, dyspnea, nebulized furosemide, bronchodilation, arterial blood gas
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Introduction

Dyspnea is a common and overriding symptom of chronic obstructive pulmonary disease (COPD)
that contributes to activity limitation, anxiety and poor quality of life ™. In spite of prevalence and
burden of dyspnea, its effective management remains a significant challenge for physicians and
requires the exploration of new treatments ¥ >.Irreversible underlying changes to the lungs in
patients with COPD often makes it difficult to improve dynamic ventilatory mechanic in acute
dyspnea states. Therefore, in complement to the therapeutic measures that targeted the underlying
causes, the care of dyspnea has shifted to improve patients' perception of dyspnea by using
medications that modulate the bronchopulmonary vagal afferent activity °°. Some studies showed
that inhalation of furosemide, a common diuretic, alleviates dyspnea through modulating vagal
afferent activity in animal lung models *° and improves the intensity of induced dyspnea in healthy

11, 12

individuals. Further studies suggested that nebulized furosemide might be effective against

14, 15

dyspnea of asthma * and lung cancer . Ong, et al. and Jenson, et al. evaluated the efficacy of

16, 17

inhalational furosemide in COPD patient and supported the use of nebulized furosemide as a

351718 studies on the use of nebulized

therapeutic approach in patients with COPD exacerbation
furosemide in COPD were mainly conducted on stable patients with induced dyspnea; therefore, the
short-term effect of nebulized furosemide in acute exacerbations of COPD has to be investigated.
The goal of this study was to evaluate the effect of nebulized furosemide as an adjunct to the
conventional therapy in acute management of patients with COPD exacerbations in an Emergency

Department. We hypothesized that this combined therapeutic option would promote an improved

clinical and physiological impact for the acute treatment of patients with COPD exacerbation.
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Methods

In this randomized, double-blinded, clinical trial, a convenience sample of patients was enrolled at
the Emergency Department of Hazrat-e-Rasool Hospital, a tertiary medical center of Tehran
University of Medical Sciences, Tehran-Iran between November 2009 and March 2010. The study
was performed in accordance with the declaration of Helsinki and the subsequent revisions. The
study was approved by the Institutional Review Board of our university. All participants or their next-
of-kin provided a written informed consent before being included in the study. Both patients and
physicians who administered the interventions were blinded to the medications. The inclusion
criteria were COPD patients with the presentation of dyspnea exacerbation, who were older than 18
years, and were clinically stable with no need for positive pressure ventilation. COPD was defined
according to the standards of the American Thoracic Society and COPD GOLG guideline **°, in which
worsening of dyspnea of COPD within 24-hours before hospital admission indicated dyspnea
exacerbation. Patients with history of asthma, atopy, congestive heart failure and lung cancer were
excluded. Ong et al. reported 42% improvement in the intervention group compared to 15% in the
placebo group. We used STATA software’s “sampsi” command to estimate the minimum required
sample size to detect a similar difference with type | and type Il errors both set at 5%. The sample
size was estimated to have 78 subjects. To cope with noncompliance, 100 patients were recruited to
the study. We used SPSS version 15 (SPSS 15.0, SPSS Inc., Chicago, IL) to randomize eligible patients
into groups 1 (intervention group) or 2 (placebo group). An assistant, who was not involved with the
patients’ care, was responsible to blindly provide medications by filling 10 similar vials labeled 1 and
2 consequently with 4ml furosemide (20mg/2ml, Caspian Tamin Pharmaceutical Company, Iran) and
4 ml 0.9% saline on a daily basis. Patients in group 1 (intervention group) received vial labeled 1
(contained 40 mg furosemide) and group 2 (placebo group) received vial labeled 2 (contained 0.9%

saline as placebo).
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On admission to the study, pulse rate (PR), respiratory rate (RR), mean arterial blood pressure
(MaBP), forced expiratory volume in one second (FEV,), and arterial blood gas (ABG) measurements
including PH, Paco,, Pao, and Hcos, oxygen Saturation were determined. FEV; was measured by

using a spirometer (Spirolab I, MIR, Italy).

In this study, we sought to determine the change in dyspnea, by measuring a visual analog scale
(VAS). The tool we used consisted of a horizontal line with 10 equally spaced markers ranging from
zero (no shortness of breath) to 10 (the worst shortness of breath). Shortness of breath was
described as an urge to breathe. The patients were asked to point one ordinal number from zero to
ten on the horizontal line of VAS to express the severity of dyspnea. ABG samples were obtained by
percutaneous insulin needle puncture of palpable radial artery in breathing room air. The samples
were analyzed within a maximum of 30 minutes. All patients received conventional treatment
including 0.5 I/min supplemental oxygen for 30 minutes, 200ug Salbutamol spray, 40ug lpratropium
spray, and 200 mg intravenous Hydrocortisone. Salbutamol and ipratropium were taken by metered-
dose inhalers (MDlIs) without spacer. Along with conventional therapy, patients in group 1 received 4
ml furosemide (40 mg) and patients in group 2 received 4 ml 0.9% normal saline. Both furosemide
and saline were administered by nebulizer (Omron NE-U17, Japan). All variables were measured
again one hour after receiving the study medications. The primary endpoints were changes in post-
treatment forced expiratory volume in one second (FEV,) and the severity of dyspnea. Secondary
end-points were changes in clinical and laboratory respiratory parameters.

The data were analyzed using SPSS software for windows (SPSS 15.0, SPSS Inc., Chicago, IL). Chi-
square test was used for the analysis of categorical variables. Independent t-test was utilized to
compare baseline variables between the study groups and also to specify the difference of post-
treatment measurements compared to pre-treatment (Ax=X; —X,). Results were reported as mean (+

Standard Deviation). p<0.05 was considered as statistically significant.
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Results

One hundred patients with COPD exacerbation were included. The mean age of the patients was
73.1% 8.7 years and 63 were males. The mean baseline FEV; was 53.8%14.4 (ranging from 44% to
63%) according to COPD GOLD guidelines. Baseline characteristics of the study groups are shown in
table 1. There was no statistically significant difference between the two groups with regard to pre-
treatment clinical variables except for bicarbonate level and pulse rate (see table 1).

For the primary endpoints, a decline in the severity of dyspnea, and an increase in FEV1 were
observed in both groups; however, the improvement was more noticeable in the intervention group
(P<0.001, Table 2). While Respiratory rate decreased; PH and PaO2 increased after treatment and
the improvement was more significant in the intervention group (table 2). Patients presented with a
lower FEV1 on admission had gained more benefits from furosemide compared to those with higher
baseline FEV1 (Figure 1). The mean arterial blood pressure and pulse rate decreased in the
intervention group while they slightly increased in the placebo group and the difference was
statistically significant (table 2). PCO2 decreased after the treatment in both groups; however, the
decrease was more noticeable in the placebo group (P<0.001, Table 2). Oxygen saturation increased

in both groups and the difference between the two groups was not statistically significant.

Discussion

In this study, we evaluated the effect of adding nebulized furosemide to the conventional treatment
in patients with acute COPD exacerbation in Emergency Department. The results of this study
indicate that the administration of nebulized furosemide is associated with an improvement in
dyspnea and physiological respiratory parameters in patients with acute COPD exacerbation. The
intervention group who received nebulized furosemide experienced an improvement in the severity

of dyspnea (VAS score) and a reduction in the respiratory rate that were respectively 1 scale and 4
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breaths/min more than the improvement observed in the placebo group. This difference seems
clinically significant, considering the baseline values and the range of variations (tablel and table2).
By “clinically significant”, we mean a change that is of clinical importance. This refers to the
magnitude of a given change, while “statistical significance” indicates that a given change is unlikely
to be due to change or random error. Therefore, a change may be statistically significant but
clinically unimportant. Severity of dyspnea was measured according to the patients' perception. It
could be expected that any improvement reported by the patients, should be clinically significant to
be considered as an improvement at all.

The patients also manifested an increase in FEV; following the administration of nebulized
furosemide compared to the placebo group that was about 7%. This change is similar to Ong et al.
study that was about five percent'®. FEV1 measurements are highly predictive of clinical outcomes
during exacerbations of COPD. In a study by Denis et al. , they demonstrated that relatively small
differences in FEV1 have a substantial impact on the clinical outcome *°. Among patients who
received nebulized furosemide, those with lower baseline FEV, experienced more improvements in
the severity of dyspnea (fig 1). Since patients with lower FEV; are less able to bronchodilate, this
improvement might be also attributed to the effect of nebulized furosemide on symptomatic relief
of dyspnea that is independent of bronchodilation mechanism > *2.

The effects of B,-agonists and corticosteroids on gas exchange have been previously described in
COPD patients 2. In this study, we sought to determine how arterial blood gas values would
change when nebulized furosemide is added to the conventional therapy. The combination of 02,
B,-adrenoceptor agonist, anticholinergic and corticosteroid with an added nebulized furosemide
significantly increased PH and PaO2 more than the placebo combination; however, these
improvements do not seem to be clinically significant .The mean change of PaO2 contributed to
furosemide was about 4mmHgand for PH, it was approximately 0.03. These findings can be
attributed to a reduction in RR, an improved ventilation and increased dynamic inspiratory capacity

(as was proposed in a study by Jensen et al) *’. The administration of B-adrenergic agents is
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associated with a transient decline in Pa0O2 as a result of their pulmonary vasodilator effects. While
severe COPD patients have a limited ability to sustain a bronchodilation, increasing blood flow to

h 22224 The administration of

poorly ventilated lung regions causes a ventilation—perfusion mismatc
nebulized furosemide may reverse this pathological process by improving ventilation, particularly in
patients who require higher doses of B,-adrenoceptor agonists. In this study, PaCO2 decreased more
in the placebo group that would argue against the hypothetical benefits of furosemide. Patients in
the intervention group had higher baseline PaCO2 and bicarbonate compared to the placebo; and
this may indicate a more severe and prolonged exacerbation in this group. These patients may
require more time to compensate and decrease PaCO2 in spite of more significant improvements in
the respiratory rate. Contrary to the findings in a study by Jenson et al., they reported that
furosemide had no effect on pulmonary gas exchange /, although in Jenson's study the study
population was included. Stable COPD patients with an induced dyspnea, as opposed to COPD
patients with an acute exacerbation, were presented to the emergency department in our study.
Since acute exacerbation is often associated with hypoxia, hypercarbia and acidosis, it is expected
that these patients show physiologically different responses.

In this study, the mean bicarbonate level decreased in conventional therapy but increased in
combination therapy with furosemide .The mean rise related to furosemide was about 4 mmol/L.
Considering the mean bicarbonate baseline level and its range of variation, this change could be
considered clinically significant. Consistent with its expected pharmacodynamic characteristics,
systemic furosemide is capable of inducing a metabolic alkalosis by increasing urinary hydrogen (H)
loss 2°. Although the effect of nebulized furosemide on dyspnea is likely to be independent of its

18, 26

systemic diuretic effect , the systemic effect of nebulized furosemide has not been ruled out *’.

Both Pulse rate and blood pressure decreased in the furosemide group respectively about 4
beats/min and 9 mmHg that is consistent with the results in the study of Rodriguez Vazquez et al. 3;

however, these changes were not clinically significant. The change in heart rate and blood pressure

could explain functional cardiac effects related to this medication; however, considering multiple
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contributing factors including patients’ anxiety and potential diuretic effects of furosemide,it may

preclude a direct correlation between these findings.

Limitations
It is difficult to study COPD patients in an exacerbation with a controlled manner. In this study,
patients in the intervention group had higher baseline bicarbonate and PaCO2 and lower pa02;
furthermore, baseline severity of dyspnea was higher compared to the placebo. This may indicate
more severe exacerbation in the intervention group. On the other hand, baseline FEV, was higher in
the intervention group. All these may indicate that patients in the intervention group had milder
COPD but more sever exacerbation. It might be argued that furosemide inhalators had more
capability to decrease dyspnea due to higher baseline FEV; but the result showed that furosemide
inhalators with lower FEV; had more significant improvement in severity of dyspnea in comparison
to those with higher FEV, (fig 1). We did not assess the diuretic effect of nebulized furosemide and

the possible systemic effect of nebulized furosemide could not be confirmed in this study.

Conclusions

The study revealed that the combination of nebulized furosemide with conventional therapy is
associated with an improvement in the severity of dyspnea and physiological respiratory parameters
in patients with acute COPD exacerbation. This may provide an additional therapeutic option in
treatment of patients with COPD exacerbation. The possible systemic effects of nebulized

furosemide should be considered in future investigations.
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Figure 1 legend:
Figurel. Improvement in dyspnea, following treatment with nebulized furosemide vs. placebo,
according to FEV; at admission (Salin= Saline solution, Furosmide = Nebulized Furosemide, FEV1 =

Forced expiratory volume in one second).
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Tablel. Baseline characteristics of patients in study groups

Study groups
Intervention (N=50) Placebo (N=50) P Value
Mean SD Mean SD

Age (year) 73.2 8.6 73.0 9.0 0.93
Respiratory rate (breaths/min) 26.4 6.3 27.3 2.6 0.39
MaBP (mmHg) 108.4 16.9 105.4 11.9 0.31
Heart rate (beats/min) 88.9 17.5 101.0 10.9 <0.001
PH 7.29 0.06 7.27 0.06 0.08
paCO2 (mmHg) 55.6 12.8 51.8 6.8 0.07
pa02 (mmHg) 73.2 11.3 76.7 6.7 0.06
Hco2(mmol/L) 31.6 6.0 28.7 2.5 <0.01
0,Sat (%) 84.8 9.6 82.8 4.7 0.18
FEV1 (%) 54.8 3.9 52.7 4.6 0.02
Severity of dyspnea (VAS) 5.6 0.9 5.4 0.7 0.26

SD: Standard deviation; MaBP: mean arterial blood pressure; O,Sat: oxygen saturation
measured by Arterial Blood Gas; FEV;: forced expiratory volume in 1 second; VAS: visual analog
scale.
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Table2. Comparison of change in clinical and laboratory respiratory parameters after treatment

Study groups
Parameters Intervention Placebo P Value
Mean SD Mean SD

Respiratory rate (breaths/min) -7.0 3.2 -3.3 2.1 <0.001
MaBP (mmHg) -8.9 10.4 0.6 7.3 <0.001
Heart rate (beats/min) -4.9 11.9 0.4 6.8 0.007
PH 0.07 0.03 0.04 0.02 <0.001
PaCO2 (mmHg) -1.3 6.5 -5.4 4.5 <0.001
PaO2 (mmHg) 12.6 5.2 8.2 49 <0.001
Hco2 (mmol/L) 1.9 3.8 -2.2 1.6 <0.001
0,Sat (%) 7.4 7.4 6.7 2.7 0.54
FEV; (%) 11.5 3.6 4.9 3.1 <0.001
Severity of dyspnea (VAS) -2.7 1.0 -1.6 0.8 <0.001

SD: Standard deviation; MaBP: mean arterial blood pressure; O,Sat: oxygen saturation
measured by Arterial Blood Gas; FEV;: forced expiratory volume in one second; VAS; visual
analog scale.
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