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1. 
BACKGROUND

Dyspnoea and cough are common and debilitating symptoms amongst patients suffering with interstitial lung disease (ILD). A number of agents have been evaluated for symptom management in this population, including the use of ambulatory oxygen and opioids for dyspnoea and neuromodulatory agents such as thalidomide and gabapentin for cough (1). The body of evidence however in this area is overall lacking, with our patients quality of life still impacted by most significantly by both dyspnea and cough (2).
The dyspnoea experienced by patients with ILD is mutifactorial, with ventilatory restriction, impaired gas exchange and both psychiatric and physical comorbidities such as depression, pulmonary hypertension, COPD and obesity often contributing to the sensation of breathlessness (3). 
There are a number of proposed mechanisms to explain the pathophysiology of cough in ILD. One such theory is that the quantity or sensitivity of nerves involved in the afferent component of the cough reflex, rapidly adapting receptors (RARs) and slowly adapting receptors (SARs), are influenced by the mechanical distortion of the lung caused by pulmonary fibrosis (4). 
The loop diuretic furosemide has been found to be effective in reducing experimentally induced cough (5) and dyspnoea (6) in healthy volunteers when administered via inhalation. Inhaled furosemide has also shown promise for the relief of dyspnoea in COPD and in end-stage cancer patients (7). To our knowledge the effect of inhaled furosemide on the symptomatic relief of dyspnoea and cough in ILD patients has not yet been studied. 
Whilst the mechanism by which inhaled furosemide produces a reduction in dyspnoea has not been confirmed, it has been theorized that it is secondary to modulation of the activity of pulmonary stretch receptors. Currently available evidence suggests that the stimulation of SARs decreases the sensation of dyspnoea, whilst activation of RARs may aggravate it (8). In animal studies, inhaled furosemide has been documented to both sensitize SARs and desensitize RARs (9). We theorise that by the same mechanism inhaled furosemide may also improve cough in ILD patients. 
This pilot study will seek to recruit volunteers with ILD experiencing significant cough and dyspnoea. These volunteers will be administered nebulised furosemide in the context of exercise induced dyspnoea, with nebulised normal saline being used as a control. The response of the participants’ cough and dyspnoea to the administration of these agents will be recorded and compared. 
2. 
STUDY OBJECTIVES

2.1 
Primary Objective

To evaluate the effectiveness of nebulised furosemide in improving cough and dyspnoea in patients with interstitial lung disease. 
3
STUDY DESIGN

The study is a pilot randomised crossover trial. Participants will be seen at a single centre.
4. 
SELECTION OF STUDY PARTICIPANTS
Subjects will have an interstitial lung disease. All subjects will have significant dyspnoea and cough burden. 
4.1 
INCLUSION / EXCLUSION CRITERIA

4.1.1
Inclusion criteria for volunteers

          Age > 18 years 

          Confirmed physician diagnosis of an interstitial lung disease 
Medical research council dyspnoea scale of 3-5 (10) (Appendix 1)
Cough visual analogue scale >4cm


FVC >=30% predicted
           DLCO >=20% predicted 
4.1.2
Exclusion criteria for volunteers

Current smoker
Clinical history of asthma or vocal cord dysfunction
Currently pregnant or breastfeeding
Any clinically significant cardiopulmonary abnormalities not related to ILD, including features of congestive cardiac failure on examination or history suggestive of uncontrolled ischaemic heart disease.
Any clinically significant neurological, renal, endocrine, gastrointestinal, hepatic or haematological abnormalities uncontrolled with standard treatment

History of psychiatric, medical or surgical disorders that may interfere with study

Clinical history suggestive of respiratory infection in month preceding study

Alcohol or recreational drug abuse

Inability to understand directions for study assessment, including inability to comprehend English language. 
Inability to complete questionnaires required for the study, including visual analogue scales.   
Inability to be contacted in case of emergency
           Participation in another study at the same time or within a prior 3-month period

           Regular use of short or long-acting opioids, pregabalin or gabapentin. 
Inability to complete a 6 minute walk test

Allergy or significant adverse reaction to furosemide
4.2
Sample sizes

This is a pilot study for which 12 volunteers will be recruited. A sample size of 12 participants was chosen based upon the work by Julious, which demonstrates that 12 is the optimal number of participants for a pilot cross-over trial for both feasibility and for gains in precision in the mean and variance (11). The data from the 12 participants in the pilot study will be used to inform a formal sample size calculation for any future study. 
5. 
STUDY DETAILS

This pilot study is a crossover study where participants will receive both nebulised furosemide in a saline vehicle, or vehicle alone in a random order to examine whether the dyspnoea and cough experienced by ILD patients is symptomatically improved by nebulised furosemide. This study has been designed to satisfy the 2010 CONSORT checklist for pilot or feasibility trials.
5.1 Recruitment

Participants for the study will be recruited through the John Hunter Hospital interstitial lung disease outpatient clinic. The volunteers will be contacted in a variety of ways. Primarily, participants will be informed about the study at the interstitial lung disease outpatient clinic, and if following a brief informal discussion if they are interested in taking part, they will be given the information sheet to read. At least twenty four hours later they will be contacted to ask if they would like to take part. The interstitial lung disease clinic has also kept an informal list of patients whose lives are being adversely affected by their cough in the hope that new medication may help with this distressing symptom. Those patients will be contacted by telephone and if following a brief informal discussion they are interested in taking part, they will be posted or emailed an information sheet to read, then contacted again asking if they would like to take part. In each case, the clinician introducing the study to the patient will be different to the person obtaining specific informed consent for participation.
The GP’s of participants will be posted a letter to inform them of their patient’s inclusion in the study. 
5.2 Day 1 & 2 of attendance 


Eligibility will be checked, any questions addressed that have arisen from the reading of the information sheet and if appropriate, informed consent taken. During this visit a full clinical history and examination will be performed. Participants will also be asked to complete a Leicester Cough Questionnaire (12). Eligible participants will have baseline spirometry and vital signs taken, and be asked to indicate their baseline level of cough and shortness of breath using visual analogue scales (VAS) and a Borg score. They will have a cough monitor applied. They will then be commenced on a nebulised dose of either normal saline or 80mg furosemide (the order of receiving the nebulised agents will be randomised). Following completion of the first nebulised agent, all participants will undergo a 6 minute walk test. Immediately after the 6 minute walk test participants will indicate their level of shortness of breath and cough using VAS scores and a Borg score. Participants will then be asked to rate dyspnoea using both VAS and Borg score at set intervals for the next 30 minutes (every 30 seconds for the first 5 minutes, every 1 minute for the next 10 minutes and every 5 minutes for the final 15 minutes). After 30 minutes have elapsed, a cough VAS will be recorded, and spirometry and vital signs will be repeated. When spirometry and vital signs have returned to the participant’s pre-test levels, they will return home. The cough monitor will remain in situ, for the subsequent 6 hours. Over the same 6 hour period, participants will be asked to document a VAS cough and VAS dyspnoea score every hour. 
Participants will be requested to return on a second day at least three days after the first visit, bringing the supplied cough monitor and VAS scores recorded after their first nebulised agent with them. On the second day of attendance, participants will again have baseline spirometry and vital signs taken, and the cough monitor reapplied. They will then receive the second nebulised agent and the protocol described above with be repeated. After the second day protocol has been completed (including the six hours of home cough monitoring and hourly VAS scores), participants will elect to either return to the hospital to return the cough monitor and second set of VAS scores, or mail these items back to the research team through Australia Post.
5.3 
Summary of study schedule
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6.  
PROCEDURE DETAILS

6.1
Clinical Assessment

A detailed clinical history and physical examination will be undertaken, particular attention being paid to the respiratory and cardiovascular symptoms. 

6.2
Randomisation and Blinding
All subjects will be randomised to receive either nebulised furosemide (80mg) followed by nebulised normal saline, or nebulised normal saline followed by nebulised furosemide. Randomisation will be by computer generated codes (REDCAP) using 3 permuted blocks of random size. Participants and researchers will be blinded to nebulised agent order. The vials of saline and furosemide will be drawn up and labelled by a third party, not directly involved in the study. 
6.3
6 minute walk test 
The 6 minute walk test is a measure of exercise tolerance and functional status commonly used in patients with interstitial lung disease. In this study we will use the 6 minute walk test primarily as a standardised method of eliciting dyspnoea with exercise. Any patients who are not able to complete a 6 minute walk test will be excluded from the study. 
6.4 
Nebulised Agent Administration and Dosage. 
The nebulised agents used in this study will be administered using a PariNeb nebuliser. Participants will be given 80mg of nebulised furosemide. This will be compared to a control dose of nebulised normal saline. The dose of 80mg nebulised furosemide was chosen based upon observations by Grogono et al (6) and Banzett et al (13) that an 80mg dose had a greater effect on induced dyspnoea than a 40mg dose. 
7. 
WITHDRAWAL OF SUBJECTS FROM THE STUDY

Subjects will be allowed to withdraw from the study at any stage without giving justification. New volunteers will be recruited to replace any withdrawn subjects and thus guarantee adequate numbers for statistical analysis.

8. 
ADVERSE EVENTS
8.1
6 minute walk exercise testing
Significant adverse events occur rarely with 6 minute walk testing. The safety of the 6 minute walk test was reviewed by Holland et al in 2014 (14). The most common adverse event recorded associated with the 6 minute walk test is oxygen desaturation <80%. Chest pain and tachycardia were recorded more infrequently. No long-term adverse sequelae occurred in any of the studies reviewed.  
During this study the 6 minute walk test will be immediately terminated in any patient who develops symptoms of chest pain or presyncope. 
8.2
Nebulised furosemide 
A review of the use of nebulised furosemide conducted by Newton et al in 2008 (7) reported that increased diuresis was reported in four of the studies reviewed. A further ten studies specifically stated that there was no increase in diuresis or that there were no adverse events. The remaining articles reviewed made no reference to adverse events. The articles examined in this review included studies examining the effects of nebulised furosemide on healthy subjects as well as subjects with moderate to severe COPD, end stage cancer and asthma. Of note, there have been a number of studies performed evaluating the use of inhaled furosemide as an adjunct to standard treatments in the management of acute asthma exacerbations. A recent meta-analysis reviewing the effectiveness of inhaled frusemide use in acute asthma exacerbations revealed a statistically significant improvement in airflow obstruction, with no adverse events reported in any of the studies reviewed (15). 
9. 
STATISTICS

Primary outcome measure

This pilot study will examine primary end points for both dyspnoea and cough.

Dyspnoea: The primary dyspnoea end point will be the area under the curve for Borg scores in the first 5 minutes after the 6 minute walk test.

Cough: The primary cough end point will be the area under the curve for cough VAS scores in the 6.5 hours after the 6 minute walk test. 

Statistical analysis: Both primary end points will be evaluated as paired non parametric data for statistical analysis using the Wilcoxan signed rank test.

Secondary outcome measures

Dyspnoea: Area under the curve for Borg scores and dyspnoea VAS scores at a variety of time points after the 6 minute walk test.

Cough: Area under the curve for cough VAS scores for a variety of time points after the 6 minute walk test. Cough monitor scores.

These will be analysed as above.
10.
ETHICS

The written documentation seen by the participant and the GP letter will have the approval of the ethics committee. The ethics committee provide a detailed approval letter and the study will not begin without it. Amendments to the protocol will go to the ethics committee to be reviewed and approved. 

11.
DATA HANDLING AND RECORD KEEPING

Case report forms will be stored in the principal investigators office. Source data will be kept on site. Any data removed from site will be anonymous.
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Appendix 1

MRC dyspnoea scale (used with permission of the MRC)

	Grade 
	Degree of breathlessness related to activity 

	1 
	Not troubled by breathless except on strenuous exercise 

	2 
	Short of breath when hurrying on a level or when walking up a slight hill 

	3 
	Walks slower than most people on the level, stops after a mile or so, or stops after 15 min walking at own pace 

	4 
	Stops for breath after walking 100 yards, or after a few minutes on level ground 

	5 
	Too breathless to leave the house, or breathless when dressing/undressing 


Adapted from Fletcher (16).

Day 1


Participant Preparation


Informed consent


Clinical history and examination


Leicester Cough Questionnaire


Participant randomised to receive furosemide then normal saline, or normal saline followed by furosemide.  


Nebulised agent 1 


Baseline spirometry, vital signs, dyspnoea VAS, cough VAS and BORG score. 


Cough monitor applied 


Nebulised agent 1 administered


6 minute walk test  


Dyspnoea VAS and Borg scores recorded at increasing intervals for 30 minutes. Cough VAS recorded immediately after 6MWT and at 30mins post 6MWT. 


Repeat Spirometry and vital signs


Participant returns home. Cough monitor remains in situ for subsequent 6 hours. Dyspnoea and cough VAS performed at hourly intervals over the same period.  


Day 2


Nebulised agent 2


Baseline spirometry, vital signs, dyspnoea VAS, cough VAS and BORG score.


Cough monitor applied 


Nebulised agent 2 administered


6 minute walk test  


Dyspnoea VAS and Borg scores recorded at increasing intervals for 30 minutes. Cough VAS recorded immediately after 6MWT and at 30mins post 6MWT.


Repeat Spirometry and vital signs


Participant returns home. Cough monitor remains in situ for subsequent 6 hours. Dyspnoea and cough VAS performed at hourly intervals over the same period.  





End 6MWT


Dyspnoea & cough VAS,


BORG





30 mins post 6MWT


Final Dyspnoea VAS & BORG


Cough VAS


Spirometry 


Observations


Home





VAS scores every 1 hour





Dyspnoea VAS & BORG every 5 mins





Dyspnoea VAS & BORG every 1 min





15 mins post 6MWT





5 mins post 6MWT





6 hours post leaving hospital


Final VAS scores


Remove cough monitor





Dyspnoea VAS & BORG every 30 secs





6MWT





Nebulised Agent





Spriometry


Observations


BORG and VAS scores 


Cough monitor





Consent


History


Examination


Cough questionnaire
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