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Serum tobramycin levels following delivery of tobramycin (TOBI®) via eFlow® advanced nebuliser in children with cystic fibrosis 
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Emma Guy

Background: Tobramycin (TOBI®) is widely used as a nebulised antibiotic in  subjects with CF. Previous safety and toxicity data has mainly been performed using the Pari LC® Plus conventional nebuliser, yet many centres are increasingly using advanced membrane or mesh based nebulisers, such as the eFlow®.

Aims: To measure peak serum tobramycin levels in children aged 2-18 years using TOBI® via the eFlow®. To assess for renal and ototoxicity by measuring urinary NAG (N-acetyl-beta-D-glucosaminidase) and assessing annual audiology reports respectively

Methods: 10 children attending Leeds CF Centre receiving 300mg TOBI® via eFlow® for clinical reasons agreed to participate. Serum tobramycin levels were obtained one hour post nebulisation. 9 provided samples for urinary NAG, and 10 underwent audiology.

Results: Mean age was 10.4 years (range 2 to 16). Serum tobramycin level was below 1mg/L in 7 children, but the level was >1mg/L in 3 children (maximum was 3.8). Two of the children with raised levels were 2 years old, the third was 11. Urine NAG/Creatinine levels were raised (>double 0.47 umol/min/mmol) in 5 children, 1 of these had an elevated tobramycin level. Audiology results showed no change except in 1 patient who had high frequency hearing loss.
Discussion: Serum tobramycin levels over 1mg/L can occur one hour post 300mg TOBI® delivered by eFlow®. Raised urinary NAG levels suggest that some children may have some associated early renal toxicity. Further study is suggested to determine whether TOBI® dosage should be adjusted for age or weight of the paediatric patient when using eFlow®.
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Abbreviation List
	Abbreviation 
	Description 

	CF
	Cystic Fibrosis

	Pa
	Pseudomonas aeruginosa

	TOBI®
	Tobramycin Solution for Inhalation (preservative free formulation )

	Pari LC® Plus
	Compressed Air Driven Jet Nebuliser Delivery System

	eFlow®
	Vibrating Perforated Membrane Nebuliser Delivery System

	NAG 
	N acetyl beta D glucosaminidase, Urine enzyme used as a marker of lysosomal activity and renal damage. 

	MIC
	Minimum Inhibitory Concentration


Nebulised Tobramycin and Cystic Fibrosis; A review of the Literature
Introduction
Cystic fibrosis is an autosomal recessive disease that results in increased viscosity of secretions affecting several organs in the body.1 In the respiratory system this leads to reduced mucociliary clearance.1 This places patients at greatly increased risk of endobronchial infections from an early age especially with the organism Pseudomonas aeruginosa (Pa). Although the figures vary between centres, up to seventy percent of patients with cystic fibrosis are chronically infected with Pa by seventeen years of age.2 
Chronic endobronchial infection leads to progressive loss of pulmonary function and this is a clinical predictor of mortality.1,3,4,5,6 Chronic Pa infection is associated with increased rate of pulmonary function decline.1 Early eradication therapy comprising aggressive anti-Pseudomonal antibiotic therapy at first growth of Pa can eradicate the organism and delay the onset of chronic infection.7,8,9
Intravenous tobramycin is used as a cyclical antibiotic in patients with cystic fibrosis chronically infected with Pa, in order to reduce infective load within the chest and thus reduce the rate of decline of lung function.10 Intravenous tobramycin is known to potentially cause renal and oto-toxicity and therefore peak (with multiple daily dosing) and trough levels are measured.11 

Nebulised tobramycin (TOBI®) was first used in the 1990’s because of the anti-Pseudomonal properties and the hypothesis that inhaled aminoglycosides maintain therapeutic levels in the lung while reducing systemic toxicity.10,12,13  

Until recently conventional compressed–air driven nebulisers, such as the Pari LC Plus® (PARI GmbH, Starnberg, Germany) were used for nebulised tobramycin delivery. These conventional nebulisers are relatively slow, taking up to 15 mins to deliver each dose.14,15 To improve compliance, since 2005 new generation rapid nebulisers based on mesh technology, such as the eFlow® (PARI GmbH, Starnberg, Germany) have been gradually introduced, and can deliver both nebulised tobramycin and the mucolytic Dnase. 16,17
At the Leeds Cystic Fibrosis Centre it had recently been noted that high trough tobramycin levels had occurred in patients receiving both intravenous and nebulised tobramycin concurrently when using the eFlow® delivery system. This raised concerns regarding the potential for increased systemic absorption of nebulised tobramycin following delivery by eFlow® and the consequent increased risk of renal and audiological toxicity. 
My research question is: Does nebulised tobramycin (TOBI) via eFlow® delivery systems cause a raised peak serum tobramycin level in children with cystic fibrosis?

As a background for my research project, the following research questions formed the basis for my literature review:

Questions

Why are inhaled antibiotics important in the management of cystic fibrosis in children?

How do inhaled aminoglycosides work? 

How were dosing decisions made in the administration of nebulised tobramycin?

What are the potential side effects of nebulised tobramycin?

What are the differences in nebuliser devices used in patients with cystic fibrosis?
Search Strategy


As the research question is therapeutic Medline was chosen as the most appropriate database for the literature search. Cinahl and Embase were also reviewed to ensure no important articles were overlooked.
The search commenced initially with all studies containing the words “cystic fibrosis”, then “tobramycin” and these were combined with the ‘and’ function. The search was limited to English and humans but not limited by age or type of trial initially.

I was ideally looking for a systematic review on the use of nebulised tobramycin and found one review article with the search strategy. 

With the question being a therapeutic one, randomised controlled trials were the studies that I wanted to identify to specifically look at the question regarding nebulised tobramycin and cystic fibrosis. I also included cohort studies that looked at prognosis and single interventions as a background about the subject.

I reviewed the 43 articles within this series and chose 22 that were of good quality and answered some of the research questions. The 21 articles were rejected due to the lack of information regarding TOBI delivered by nebuliser devices to patients with cystic fibrosis. Upon closer evaluation these were further limited by their relevance to my specific subject area.

Some of my questions were very specific and no study gave complete answers, however information and evidence from a number of studies and case reports enhanced knowledge and helped to partially answer my questions. I used the reference lists from papers to identify further papers that may have been useful that were not identified in my Medline search.

I included all studies and did not set any time limits. I was able to include unpublished data sourced from my supervisor’s attendance at Cystic Fibrosis Conferences. This data is in the form of abstracts that have been published. I also used the MeSH heading system to ensure that all possible papers were included under my search criteria.

The papers were then analysed for the specific answers to my questions and a level of evidence as shown below given to each paper.
	Level
	Type of Evidence



	Level 1
	Systematic review



	Level 2
	Evidence from at least one properly designed RCT of appropriate size

	Level 3
	Evidence from well designed trials without randomisation: single group pre post, cohort, time series or matched case-controlled studies

	Level 4.
	Evidence from well designed non-experimental studies from more than one centre or research group

	Level 5
	Opinions of respected authorities, based on clinical evidence, descriptive studies or reports of expert committees

	Level 6
	Anecdotal 




Literature Review
Why are inhaled antibiotics important in the management of cystic fibrosis in children?

Suppression of chronic infection with anti-Pseudomonal antibiotics is an important part in cystic fibrosis management.1 Intravenous antibiotics such as cyclical aminoglycosides can be used to target P. aeruginosa. Successful eradication of new growth of P. aeruginosa was first described in 1985, using the nebulised anti-Pseudomonal antibiotic Colomycin18. There is now good evidence for eradication regimens for early P. aeruginosa infection consisting of nebulised antibiotics such as colomycin or tobramycin with or without oral ciprofloxacin from randomised controlled trials and Cochrane systematic review.7. We can also use these nebulised antibiotics as long term therapy to suppress chronic Pseudomonas infection.7,9,12,18 Nebulised antibiotics can be used as maintenance therapy or/and as an adjunct to intravenous treatment. 

The aim of these treatment regimes is to improve pulmonary function and therefore reduce pulmonary decline and associated mortality. 

These treatment regimens have also shown reductions in hospital admissions and need for intravenous therapy. This combined with health benefits are important when considering patient’s quality of life.10,19 
The treatments have also shown benefit with weight gain, which is another important predictor in the cystic fibrosis patient’s long-term health.20 
The original research included children over 6 years of age and further research has included all ages of children over 6 months. The prevention and suppression of Pseudomonas has been proven to increase pulmonary function and improve life expectancy and is therefore vitally important from an early age. The research shows especially good results using nebulised tobramycin in the adolescent age group (see Table 1).

Although the genetic defect for cystic fibrosis is commonly carried the disease still has a low incidence and therefore all studies especially those on children include only relatively small patient numbers. 

As within the adult population, children under the age of 18 with cystic fibrosis showed an increase in FEV1, weight gain and reduced density of P. aeruginosa when administered with nebulised tobramycin (see Table 1)
Table 1: Randomised controlled trials of inhaled tobramycin in subjects with cystic fibrosis

	Title and Author
	Study Design
	Specific answers
	Study Quality

	Intermittent administration of inhaled tobramycin in patients with cystic fibrosis 

Ramsey et al 1999


	Placebo-controlled RCT of tobramycin for chronic Pseudomonas infection
	Inhaled tobramycin improved pulmonary function, decreased hospitalisation and decreased the density of Pa in sputum when given intermittently in addition to standard treatment. 

Patients in the subgroup 13-17 years of age had a significantly larger increase in FEV1 than patients who were older or younger.
	Level 2

	Placebo-controlled, double-blind, randomized study of aerosolized tobramycin for early treatment of P. aeruginosa colonisation in cystic fibrosis 

Wiesemann, HG et al.1998
	Double-blind, placebo-control, RCT
Early eradication therapy
	There is a shorter time for conversion from onset of Pa lung colonisation to a negative respiratory culture when early inhaled tobramycin is given.
	Level 2

	Significant microbiological effect of inhaled tobramycin in young children with cystic fibrosis

 Gibson et al 2003


	Double-blind, placebo-controlled RCT
	28 days of 300mg Tobramycin solution for inhalation (TSI) was effective for significant reduction in the Pa density of the lower airway in children (< 6 years old). The trial was stopped early due to a statistically significant microbiological treatment effect of TSI.
	Level 2

	Long term benefits of inhaled tobramycin in adolescent patients with cystic fibrosis. 

RB Moss. 2002
	Placebo-controlled RCT
	TSI improved weight gain and pulmonary function in patients aged 13-17 with CF over a period of 2 years.
	Level 2


How do inhaled aminoglycosides work?

Aminoglycosides given intravenously are polar and therefore pass across the outer membrane of gram-negative bacteria, but they therefore do not penetrate well into the endobronchial space.25 Nebulised aminoglycosides are efficacious as they deliver antibiotics to the site of the infection.26 Nebulised aminoglycosides also have the reduced potential for systemic toxicity as there is reduced systemic bioavailability.25 This allows them to be used in relatively high doses.

Aminoglycosides given via the nebuliser route achieve high levels in the sputum 10-25 times above the minimum inhibitory concentration (MIC), (see Table 2). This overcomes the sputum binding of the aminoglycosides and allows sufficient bioavailability to their bacterial targets.25 

Tobramycin works by binding to a specific protein on the P. aeruginosa bacterial ribosome. This affects the cell membrane permeability and eventually causes cell death. Tobramycin levels over ten times the MIC will be bacteriocidal to the Pseudomonas in the sputum (see Table 2).

Table 2: Table of studies reviewing pharmacokinetics of inhaled aminoglycosides

	Title and Author
	Study Design
	Nebuliser Type
	Specific answers
	Study Quality

	Pharmacokinetics and bioavailability of aerosolized tobramycin in cystic fibrosis 

Geller D. et al.2002


	Placebo-control, double blind RCT
	Pari LC plus®
	Mean peak sputum concentration in 95% of patients was 25 times the minimum inhibitory concentration of the Pa isolates. Inhaled antibiotics therefore improve the therapeutic ratio over intravenous aminoglycosides alone. Mean serum tobramycin concentrations at 1 hour were approximately 1 g/mL after the first dose (week 0) and the last dose (week 20) Individual serum tobramycin results did not exceed 3.6 g/mL at 1 h after dosing.
	Level 2

	Pharmacokinetics of inhaled colistin in patients with cystic fibrosis 

Ratjen F et al.2006


	 Multicentre pharmaco-kinetic study.
	Pari LC Star®, sub-group of 8 patients used customized PARI eFlow® electronic nebulizer from pilot series.
	High drug concentrations achieved in sputum and maintained for up to 12 hours in most patients. Maximum sputum concentrations were at least 10 times higher than the MIC breakpoint for Pa proposed by the British Society for Antimicrobial Chemotherapy. 
	Level 3

	Significant microbiological effect of inhaled tobramycin in young children with cystic fibrosis 

Gibson et al 2003


	Double-blind, placebo-controlled RCT
	Not stated
	28 days of 300mg tobramycin solution for inhalation (TSI) was effective for significant reduction in the Pa density of the lower airway in children (< 6 years old). The Day 14 peak (1 hour) serum tobramycin concentration for the TSI group was 1.0 +/-0.4 g/ml and the trough concentration was 0.4 +/-0.5 (mean+/-SD).
	Level 2


How were dosing decisions made in the administration of nebulised tobramycin?

Table 3: Table to show safety and efficacy trials of inhaled tobramycin
	Title and Author
	Study Design
	Nebuliser Type
	Specific answers
	Study Quality

	Efficacy and safety of aerosolized tobramycin in cystic fibrosis 

Pai, VB and Nahata, MC. 2001
	Systematic review
	Pari LC plus® (stated for the 300mg bd regime)
	Aerosolized tobramycin at 80mg dosage did not improve baseline function. 600 mg tds improved pulmonary function and reduced Pa density with no side effects but no serum levels were monitored. Phase III trials with 300mg bd 28/7 on and off improved FEV1 and FVC and reduced Pa density. Median serum tobramycin levels were<1ug/ml with some reports of tinnitus but no change from placebo on creatinine levels.
	Level 1

	Pharmacokinetics and bioavailability of aerosolized tobramycin in cystic fibrosis 

David E. Geller et al.2002
	Double-blind, placebo-controlled RCT
	Pari LC Plus®
	Age gender and disease severity did not influence serum tobramycin levels by sup-group analysis.

 At 300mg TSI 12 hourly, high doses of sputum aminoglycoside and low serum levels at 1 hour were achieved.
	Level 2

	Significant microbiological effect of inhaled tobramycin in young children with cystic fibrosis 

Gibson et al 2003
	Double-blind, placebo-controlled RCT
	Not Stated
	The study concludes that 28 days of TSI of 300 mg twice daily is safe and effective for significant reduction of lower airway Pa density in young children with cystic fibrosis. Peak (1 hour) serum tobramycin concentration for the TSI group was 1.0 ± 0.4 µg/ml and the trough concentration was 0.4 ± 0.5.
	Level 2

	Serum and lower respiratory tract drug concentrations after tobramycin inhalation in young children with cystic fibrosis 

Rosenfield et al. 2001
	Multicentre Phase 1 study
	Pari LC Plus®
	At 300mg TSI 12 hourly sputum drug concentrations within the bacteriocidal range and safe peak serum concentrations were found in children aged 6/12 to 6 years. The highest measured serum tobramycin level occurred most frequently at 1 hour after TSI nebulisation then showed a slow decline.
	Level 3

	Nebulisers comparison with inhaled tobramycin in young children with cystic fibrosis 

Clavel, A et al. 2007
	Randomised cross over pilot study.
	Pari LC Plus®
	Age 10-63 months pulmonary deposition was measured by renal excretion and found low levels in the urine reflecting pulmonary absorption. Serum levels were not measured.
	Level 3


The initial trials of inhaled Tobramycin date from 1989 where 600mg three times daily was administered to adults and children by an ultrasonic nebuliser.29 This was not favoured by patients as it was cumbersome and also was expensive.

Eisenberg et al. in 1997 demonstrated that a jet nebuliser could achieve the accepted sputum concentrations of tobramycin to the Minimum Inhibitory Concentration breakpoint for Pseudomonas aeruginosa.15. The doses tested in this study were 300mg 12 hourly of tobramycin and were much more tolerable for the patients.

A preservative free formulation was also developed and tested (TOBI®) to avoid effects of the previous additives, such as bronchoconstriction, by Ramsey et al. This gave multicentre data on safety, efficacy and microbiology results using a dose of 300mg 12 hourly. The TOBI® was used cyclically with 28 days on the regime and 28 days off 10.

Further studies evaluated the dosing schedule looking at safety, efficacy and microbiological results on the dosing regimen above. The studies were then extended to the paediatric population to see if the dosing regime in adults could be extrapolated to all children. There were no effect on age or gender on the pharmacokinetics of Tobramycin solution for inhalation (TSI) reported (see Table 3). The specific studies looking at children from 6 months to 6 years found that a dose of 300mg TOBI® dose produced a peak serum concentration less than the acceptable trough concentration associated with intravenous dosing at 1 hour using the Pari LC Plus®.21,27
What are the potential side effects of nebulised tobramycin?

As previously stated the nebulised route of tobramycin has a reduced potential for systemic toxicity but this does not remove all risk.

High serum levels of tobramycin are associated with renal and oto-toxicity and therefore serum levels are measured when tobramycin is used intravenously.11,30. These levels are to look for acute toxicity (peak) and accumulation (trough) and allow the dosing regimen to be altered appropriately.31 For three times daily dosing peak and trough levels are routinely used, but for once daily regimes trough levels are routinely used to look for tobramycin accumulation.31
Renal toxicity is caused by the inhibition of intracellular phospholipases in the proximal convoluted tubule and therefore progressive loss of function. This occurs by the aminoglycosides having a toxic effect on the proximal tubule’s lysosomal system. Urine N-acetyl-b-D-glucosaminidase (NAG) is a lysosomal enzyme present in the proximal tubule and raised urinary NAG levels have been shown to be more sensitive than conventional measures at measuring renal toxicity and dysfunction.32. The NAG levels have been shown to be raised when patients are on parenteral aminoglycosides and return to baseline after completion of therapy with tobramycin. The baseline NAG remained elevated in some adult patients receiving intravenous colomycin.32
A review of nebulised tobramycin (TOBI®) in the literature shows characterisation of peak (1 hour post delivery) mean serum levels by certain nebulisers to be below the trough level used for intravenous tobramycin.10,25 (see Table 4).The studies report no long term audiological problems but an increase in tinnitus.13  No significant changes in creatinine were shown in the literature.10,13
Case reports have been published about hearing loss and acute renal failure associated with nebulised tobramycin in adults and adolescents.33
Aminoglycoside related oto-toxicity is associated with the total daily aminoglycoside dose, length of aminoglycoside dose and course repetition. All of these are risk factors in patients with Cystic Fibrosis who often have repeated prolonged high dose aminoglycoside courses.11
Table 4: Results of studies looking at side effect profiles of Inhaled tobramycin
	Title and Author
	Study Design
	Specific answers
	Nebuliser Type
	Study Quality

	Efficacy and safety of aerosolized tobramycin in cystic fibrosis 

Pai, VB and Nahata, MC. 2001
	Systematic review
	On review, 300mg TSI 12 hourly showed minimally transiently raised serum creatinine and tinnitus but no patients withdrew from the study. There was also an increased risk of resistant Pa strains noticed.
	Pari LC Plus®, 464 patients completed the studies and 232 patients received 300mg bd TOBI for 3 cycles (28 days on then off)
	Level 1

	Pharmacokinetics and bioavailability of aerosolized tobramycin in cystic fibrosis 

Geller D.E. et al.2002
	Placebo-control, double blind RCT
	On A dose of 300mg TSI 12 hourly the mean serum concentration was 0.95 micog/ml and there was no accumulation shown.
	Pari LC Plus®, 257/258 patients were sampled 
	Level 2

	Intermittent administration of inhaled tobramycin in patients with cystic fibrosis 

Ramsey et al 1999
	Placebo-controlled RCT
	The median tobramycin level was 0.94ug/ml after 1st dose and 0.98ug/ml at week 20.Mean creatinine levels did not significantly change compared with placebo.

No patients had defined hearing loss.
	Pari LC Plus® 230/258 patients completed the study in the tobramycin group
	Level 2

	Occurrence and risk of cochleotoxicity in cystic fibrosis patients receiving repeated high-dose aminoglycoside therapy 

Mulheran M et al 2001
	Cohort study
	This study looked at intravenous therapy only. There was a non-linear relationship between the courses of therapy received and the incidence of hearing loss. The severity of the loss did not appear to be related to the number of courses received. 
	No nebuliser used

70 patients studied (12 paediatric) and 12 (1 paediatric) showed threshold elevation
	Level 3

	Inhaled tobramycin-associated hearing loss in an adolescent with renal failure. 

Patatanian L. 2006
	Case report
	An adolescent with cystic fibrosis and renal failure was diagnosed with profound sensori-neural hearing loss after 3/52 of inhaled tobramycin. He was found to have a high serum tobramycin level.
	Not stated
	Level 5


What are the differences in nebuliser devices used in patients with cystic fibrosis?
Until recently conventional compressed–air driven jet nebulisers, such as the Pari LC Plus® were used for nebulised tobramycin delivery. All the original tobramycin solution for inhalation studies use the Pari LC Plus® as a delivery system to look at the safety and efficacy of the medication. A review of nebulised tobramycin (TOBI®) in the literature shows characterisation of peak (1 hour post delivery) serum levels by the previous delivery system only. 10,22  

The new eFlow® nebulisation systems were introduced gradually from 2005 and deliver both nebulised tobramycin and Dnase. 

These nebulisers have high delivery efficiency via a low velocity aerosol therefore theoretically delivering a higher level of inhaled tobramycin.16,17 They produce efficient aerosolisation via a vibrating perforated membrane and have been licensed since 2004 (see Table 5).

Further research is needed in this area, because of concerns regarding the potential for increased systemic absorption of nebulised tobramycin following delivery by eFlow® and the consequent increased risk of renal and audiological toxicity.

Table 5: A Review of studies looking at delivery of inhaled tobramycin via different nebuliser devices

	Title and Author
	Study Design
	Specific answers
	Study Quality

	A comparison of peak sputum tobramycin concentration in patients with cystic fibrosis using jet and ultrasonic nebulizer systems 

Eisenberg et al.1997
	Randomised crossover study
	Two jet nebuliser systems (Sidestream jet nebuliser, Pari LC Plus® jet nebuliser) were compared with the previous ultrasonic nebuliser (ultraneb 99/100) system and were found to aerosolise sufficient TSI to achieve peak bacteriocidal sputum concentration in 93% and 87% respectively. They were overall lower than the ultrasonic nebuliser.
	Level 3

	Efficiency of pulmonary administration of tobramycin solution for inhalation in cystic fibrosis using an improved drug delivery system. 

Geller, D et al 2003
	Randomised case control crossover trial
	Pari LC Plus® jet nebulisation at 300 mg TSI compared with AeroDose 5.5 RP hand held breath actuated delivery system at 90mg TSI for delivering equivalent TSI doses to the lungs and looking at time to administer.

The Aerodose 5.5 RP delivered in 50% of the time with three times the efficiency.
	Level 3

	Nebulisers comparison with inhaled tobramycin in young children with cystic fibrosis 

Clavel, A et al.2007
	Randomised cross over trial
	Administration of TSI was compared with Pari LC Plus® jet nebuliser and the NL9M disposable jet nebuliser both with paediatric facemasks showed a similar profile of renal tobramycin excretion.
	Level 3

	Pharmacokinetic comparison of inhaled tobramycin (TOBI®) via PARI eFlow® rapid or PARI LC Plus nebulizers in cystic fibrosis patients

 Hulbert D et al. 2007
	Abstract publication of randomised cross over study
	The eFlow® delivered TOBI® more than 50% faster and with no significant increase in blood Tobramycin levels.
	Level 3

	A rapid way to deliver high doses of tobramycin to the airways of adult and pediatric patients with cystic fibrosis.

 Coates, D et al. 2007
	Abstract publication and poster presentation at the North American Cystic fibrosis Conference
	Poster showed serum tobramycin levels were not significantly higher with eFlow® than with the PARI LC Plus nebuliser delivery system.
	Level 3


Conclusions
Nebulised tobramycin is used in patients with cystic fibrosis to eradicate and suppress endobronchial infection with the organism Pseudomonas aeruginosa. Patients with cystic fibrosis are at risk of chronic endobronchial infections with Pa and this leads to a decline in respiratory function and ultimately life expectancy. It is very important to eradicate initial infection with Pa and to suppress Pa in patients who are chronically infected. Nebulised tobramycin has been proven to reduce the density of the Pa in the sputum, to increase respiratory function, decrease hospitalisation and increase weight gain in these patients.

The studies show the most effective and safe dosing regime in adults to be 300mg TSI twice daily for 28 days on and 28 days off. Further studies have looked within the paediatric population. The data also show that the peak serum tobramycin level after inhaled delivery is at one hour. Previous studies have shown a variation in peak serum concentrations but the mean has always been below the trough level used for parenteral tobramycin. 

Safety data from the studies has not shown any audiological problems associated with nebulised tobramycin, except in one case study of an adolescent with renal failure. The renal function has been studied by creatinine levels and no long term problems have been associated with inhaled tobramycin.

Different nebulisers to deliver the tobramycin solution for inhalation have been reported in the literature but the main safety data published are all from studies in adults and children using the Pari LC Plus® nebulisation system. This is a jet nebuliser that works with a compressor. This is an effective system but is time consuming and is not very portable. Since 2004 other nebuliser systems have been developed to work faster and be more portable. These nebuliser systems are favoured by the patients due to their flexibility and time saving abilities. One such nebuliser device is the eFlow® that has been widely and rapidly introduced to deliver Dnase and tobramycin solution for Inhalation. 

This study aims to look at children with cystic fibrosis under 18 years of age on nebulised Tobramycin via the eFlow® delivery system. The hypothesis being the eFlow® nebuliser system is more efficient therefore delivering a higher percentage of the drug to the lower airways and thus increasing systemic absorption.

The research is necessary to ensure patients are not receiving harmful amounts of inhaled tobramycin by new more efficient delivery systems. We wish to identify tobramycin levels which may be of clinical significance and look for any adverse renal or audiological outcomes. The research study endpoints are listed below:

Primary Endpoint
To determine whether nebulised tobramycin via eFlow® delivery system causes raised serum tobramycin levels at 1 hour?

Secondary Endpoint(s)

1. Is there any increased renal toxicity in these patients as observed by raised urine NAG (N acetyl beta D glucosaminidase) enzyme levels?

2. Is there any increased oto-toxicity in these patients observed by change in auditory acuity (defined by bilateral decrease of 15 dB or more) in routine yearly audiology testing?

3. Are there implications for timings of nebulisers and tobramycin levels in patients on intravenous tobramycin?

4. Should the nebulised dose of tobramycin via e flow be adjusted?
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RESEARCH PROJECT

Serum tobramycin levels following delivery of tobramycin (TOBI®) via eFlow® advanced nebuliser in children with cystic fibrosis 

Background: Tobramycin (TOBI®) is widely used as a nebulised antibiotic in subjects with CF. Previous safety and toxicity data has mainly been performed using the Pari LC® Plus conventional nebuliser, yet many centres are increasingly using advanced membrane or mesh based nebulisers, such as the eFlow®.

Aims: To measure peak serum tobramycin levels in children aged 2-18 years using TOBI® via the eFlow®. To assess for renal and ototoxicity by measuring urinary NAG (N-acetyl-beta-D-glucosaminidase) and assessing annual audiology reports respectively

Methods: 10 children attending Leeds CF Centre receiving 300mg TOBI® via eFlow® for clinical reasons agreed to participate. Serum tobramycin levels were obtained one hour post nebulisation. 9 provided samples for urinary NAG, and 10 underwent audiology.

Results: Mean age was 10.4 years (range 2 to 16). Serum tobramycin level was below 1mg/L in 7 children, but the level was >1mg/L in 3 children (maximum was 3.8). Two of the children with raised levels were 2 years old, the third was 11. Urine NAG/Creatinine levels were raised (>double 0.47 umol/min/mmol) in 5 children, 1 of these had an elevated tobramycin level. Audiology results showed no change except in 1 patient who had high frequency hearing loss.

Discussion: Serum tobramycin levels over 1mg/L can occur one hour post 300mg TOBI® delivered by eFlow®. Raised urinary NAG levels suggest that some children may have some associated early renal toxicity. Further study is suggested to determine whether TOBI® dosage should be adjusted for age or weight of the paediatric patient when using eFlow®.

Title

Does nebulised tobramycin (TOBI) via e-flow delivery systems cause a raised peak serum tobramycin level in children with cystic fibrosis?
Introduction

Cystic fibrosis is an inherited condition leading to increased viscosity of secretions  especially affecting the clearance of the respiratory system.1 Patients have increased endobronchial infections especially with the organism Pseudomonas aeruginosa (Pa). When this infection becomes chronic it causes progressive pulmonary function decline and is a major clinical predictor of morbidity and mortality.1,2,3,4,5
Tobramycin is an aminoglycoside antibiotic that is effective in the treatment of Pseudomonas aeruginosa. Tobramycin can be used to attempt to eradicate first isolations of Pa in cystic fibrosis patients in order to delay or prevent chronic Pa infection.6,7,8 Intravenous tobramycin can also be used as a cyclical antibiotic in patients chronically infected with Pa to limit the rate of pulmonary function decline by reducing the infective load.7 
Nebulised tobramycin (TOBI) is used in cystic fibrosis patients to treat Pa by being delivered directly to the respiratory system. The hypothesis suggests that inhaled tobramycin achieves and maintains therapeutic levels in the lungs whilst minimizing systemic toxicicty.9,10 Nebulised tobramycin in patients chronically infected with Pa has been proven to increase pulmonary function, reduce the Pa density in the sputum, increased weight gain and decrease hospitalization.9,10,11,12
High serum levels of tobramycin are known to cause renal and oto-toxicity.13,14 During intravenous tobramycin therapy serum levels are thus measured to look for acute toxicity (peak; only on multiple daily regimes) and accumulation (trough) and allow the tobramycin dosing regimen to be altered appropriately. Renal toxicity is caused by the toxic effect of aminoglycosides on the proximal tubule’s lysosomal system. Serum creatinine is a late marker of renal toxicity and urine enzyme excretion NAG (N-acetyl-beta-D-glucosaminidase) has been shown to be an early indicator of renal injury and aminoglycoside related renal toxicity during exposure.15. Oto-toxicity by aminoglycosides causes high frequency hearing loss.14 This is associated with total daily aminoglycoside dosing, length of aminoglycoside course and repetition of courses.14
Until recently conventional compressed air driven nebulisers, such as the Pari LC Plus® were used for nebulised tobramycin delivery. This is a jet nebuliser that works with a compressor. This is an effective system but is time consuming and not easily portable. The safety data for nebulised tobramycin are all from studies in adults and children using the Pari LC Plus® nebulisation system. 9,16,17,18
The new eFlow® nebulisation systems were introduced gradually from 2005 at the Leeds Regional Paediatric Cystic Fibrosis Centre and deliver both nebulised tobramycin and Dnase. These nebulisers licensed since 2004, have a high delivery efficiency via a low velocity aerosol produced by a vibrating perforated membrane, therefore theoretically delivering a higher level of inhaled tobramycin. These nebuliser systems are favoured by the patients due to their flexibility and time saving qualities.19,20
A review of nebulised tobramycin (TOBI®) in the literature shows characterisation of peak (1 hour post delivery) serum levels by the previous delivery system only.9,16,21 These studies showed that there was no effect on the pharmacokinetics of tobramycin solution for inhalation (TSI) for age and gender when extrapolated to the paediatric population.22,23 Previous studies have shown variations in peak serum concentrations, but the mean has always been below the trough level used for intravenous tobramycin.24 
Safety data from the studies looking at renal function using creatinine levels showed no long term problems have been associated with inhaled tobramycin.9,16 The studies have also not shown any audiological problems associated with nebulised tobramycin, except in one case study of an adolescent with renal failure.9,16,25
It has been noted anecdotally that high trough tobramycin levels have occurred in patients receiving both intravenous and nebulised tobramycin concurrently when using the e-flow delivery system. Further research is needed in this area, because of concerns regarding the potential for increased systemic absorption of nebulised tobramycin in the paediatric population.
The purpose of this study is to assess whether patients receiving tobramycin by the new, theoretically more efficient, nebuliser delivery system (eFlow®) get toxic blood tobramycin levels. Toxic blood tobramycin levels can lead to kidney damage and hearing impairment. We wish to identify tobramycin levels which may be of clinical significance and look for any adverse renal or audiological outcomes. 

This research may have implications about the paediatric dose needed for nebulised tobramycin when patients are using the eFlow® nebulisation device. It also raises questions about patients who are receiving both nebulised and parenteral tobramycin as part of their therapy and whether standard serum levels can be adequately interpreted in this setting.
Aims

1. To identify a cross section of children with cystic fibrosis receiving nebulised tobramycin via eFlow® and determine their length of time on this treatment. 

2. To determine if the delivery of nebulised tobramycin via eFlow® nebuliser system causes a raised serum tobramycin level one hour after delivery. 

3. To measure urine NAG (N-acetyl-beta-D-glucosaminidase) as a measure of tobramycin renal toxicity and review routine yearly audiology reports as a measure of oto-toxicity. 
Primary Endpoint

To determine whether nebulised tobramycin via eFlow® delivery system causes raised serum tobramycin levels at 1 hour.
Secondary Endpoint(s)
1. Is there any increased renal toxicity in these patients as observed by raised urine NAG (N acetyl beta D glucosaminidase) enzyme levels?

2. Is there any increased oto-toxicity in these patients observed by change in auditory acuity (defined by bilateral decrease of 15 dB or more) in routine yearly audiology testing?

3. Are there implications for timings of nebulisers and tobramycin levels in patients on intravenous tobramycin?

4. Should the nebulised dose of tobramycin via e flow be adjusted?

Methods
Patients (enrolment)

Patients from the Leeds Regional Cystic Fibrosis Centre who were eligible within the study inclusion criteria were approached to take part in the study. These patients were under 18 years of age, had a genetically confirmed diagnosis of cystic fibrosis and were receiving nebulised tobramycin (TOBI®) via an eFlow®  nebulisation device. The sample was identified from patient notes and databases held at the cystic fibrosis unit. This included patient clinic letters, discharge summaries, electronic databases and records to document when each patient received the eFlow® nebuliser delivery system.
Thirteen patients were consented by myself and the two cystic fibrosis consultants supervising the study. Patients and parents were given information about the study; the information leaflets were patient age appropriate with both parental, under 12 years and over 12 years of age information leaflets available. Patient’s General Practitioners were informed of their inclusion.

Study design and protocol

The study received MHRA approval as a clinical trial of an investigational medicinal product and followed validated protocol and trial management procedure.
The study was approved by the Leeds East Ethics Committee, and written informed consent was obtained from all patients. Where patients were less than 16 years of age parental consent and patient assent was obtained. All consent forms were copied and placed in patient notes.
A protocol amendment was needed when it was realised that some of the patients were initially out of the initial 6 to 16 age bracket. This amendment to include children age 2-16 was submitted to MHRA and Ethical committees.
 A research governance audit found that subjects TOBICF5 and TOBICF13 were consented for this study prior to full ethical approval being granted for this age range. A subsequent ethical review and discussion with the parents involved has granted that this data be included as the data may have important safety implications for the wider CF community.
We obtained central or peripheral blood samples (at least 2 millilitres) 1 hour after nebulised tobramycin (in clinic or at home by the CF nursing team), and a random urine sample. When central samples were obtained, they were timed with a routine central venous access flush to ensure that no extra procedures were performed. Worksheets were used to exactly record the sampling time after completion of nebulisation and tobramycin batch numbers. 

Patient notes were reviewed to determine length of time on nebulised tobramycin and length of time using eFlow® nebulisation device for their TOBI® medication. All previous routine audiology reports were reviewed in the patient group where available and repeat audiology arranged at the Leeds Hearing and Balance Unit for patients included in the study. One patient had audiology testing at York Hospital Children’s audiology department at parental request due to geographical convenience.
Measurement of tobramycin and NAG levels, audiology and patient monitoring.

The patients were receiving their routine treatment regime of 300mg aerosolised tobramycin solution for inhalation twice daily in a 28 day on, 28 day off cyclical pattern. The tobramycin was nebulised by standard technique through the eFlow® nebulisation delivery system. Patients were excluded from testing whilst receiving intravenous tobramycin.
Tobramycin levels were measured in the blood at one hour after completion of nebulised tobramycin. The place, date and exact time of measurement was documented on the study worksheet. Tobramycin concentrations in the serum were measured by using Fluorescence Polarisation Immunoassay (FPIA) technology and the standard laboratory procedure measured by the AxSYM machine.
Samples of urine were randomly provided and sent to the laboratory for urine NAG analysis.26 These samples were requested on the day of the tobramycin sampling to try and ensure that patients were not on intravenous aminoglycosides concurrently. These samples were frozen and analysed by a spectrophotometric method using a commercially available kit (PPR Diagnostics Ltd, London, UK). 2-Methoxy-4(2'-nitrovinyl)-phenyl 2 acetamido-2-deoxy-b-D-glucopyranoside (MNPGLcNAc) is hydrolyzed by N-Acetyl- β -D-glucosaminidase with the release of 2-Methoxy-4-(2'nitrovinyl)-phenol, which on addition of an alkaline buffer (pH 9.5) produces a red colour which can be measured at 505 nm.
Audiology was randomly measured within the trial period as a pure tone audiogram in the hearing and balance department and where available the results were compared to previous.
Due to the nature of the trial any serious adverse events (SAE) or suspected unexpected serious adverse reactions (SUSAR) were recorded and asked about at the follow up clinic post sampling.

Statistical analysis
Due to the pilot nature of this study we included all the children who were eligible within our study at one centre. Thirteen of the eligible children and families gave consent and 10 completed the study. The tobramycin levels are expressed as mg/L and as this study is looking at toxicology all abnormal results were stated. The urine NAG results are expressed as NAG/Creatinine ratio to account for the differing concentrating ability of children at differing ages. This made the results more comparable to previous data on adult NAG/Cr levels.26
 A significant change in audiology acuity was stated as a bilateral decrease of 15 decibels or more. If no previous results were available for comparison, any significant abnormality found on audiological testing was stated.
The sample characteristics are described including length of time on TOBI® and eFlow®. Data was analysed as a set of results including tobramycin levels, any raised NAG levels and abnormal audiology.
Results
Thirty nine patients were initially identified by electronic and patient note review as having previously been prescribed TOBI. Upon further review 26 patients were not eligible for the trial. The reasons for exclusion were: Now aged over 18 years; not using eFlow® as a nebulisation device; and TOBI® no longer being prescribed. 
Thirteen patients were consented to commence the trial. Two patients failed to give serum tobramycin samples despite several attempts over the eight month trial period and were therefore excluded from the trial (Patient codes TOBICF7 and TOBICF8). One patient stopped tobramycin for clinical reasons after the consent process prior to sampling and was therefore also excluded (Patient code TOBICF3). Ten Patients participated in the trial.
Of the 10 patients that participated audiology was performed at Leeds Hearing and Balance Centre in 9 patients. One patient failed to attend and therefore had their hearing checked locally at York District Hospital Audiology Department for gepgraphical convenience. Eight urine samples for NAG were obtained and tested during the eight month trial period. One urine NAG was received later and analysed by the same method as above.
The age range of patients was 2-16 years with a mean age of 10.4 and a median age of 12 years. 60% of the patients were female, mean age 11 and 40% were male, mean age 9.5 years (Table 1). Some patients were using the eFlow® device for the mucolytic Dnase administration prior to commencing TOBI®.
Table 1: Patient demographics, length of time on TOBI®, and length of time on eFlow®.
	Patient code
	Age
	Sex
	Length on TOBI® (months)
	Length on eFlow® (months)

	TOBICF1
	16
	F
	72
	12

	TOBICF2
	14
	F
	14
	17

	TOBICF4
	12
	F
	97
	29

	TOBICF5
	2
	F
	13
	13

	TOBICF6
	12
	F
	72
	17

	TOBICF9
	10
	F
	6
	8

	TOBICF10
	11
	M
	47
	29

	TOBICF11
	12
	M
	52
	27

	TOBICF12
	13
	M
	12
	8

	TOBICF13
	2
	M
	19
	17


Tobramycin serum levels are shown in Table 2. Three tobramycin levels were abnormally elevated, two of which were in the smallest children age 2 years and one raised tobramycin level was in an 11 year old. The tobramycin levels were obtained from 60-95 (mean 67 minutes) minutes after completion of TOBI nebulisation with 90% being obtained by 68 minutes.
The NAG results showed raised NAG/Cr levels in six children when compared to adult ranges and five patients had significantly elevated NAG/Cr levels more than double the adult normal reference range suggesting early renal toxicity. One of the children aged 2 years had both an elevated tobramycin level and high urine NAG/Cr ratio. Normal NAG/Cr ratio for the adult reference range is stated as 0.12-0.47umol/min/mmol.26
Table 2: Serum tobramycin levels and time taken after completion of TOBI® via eFlow®  
	Patient code
	Age
	Time level taken
	Tobramycin level (mg/L)

	TOBICF1
	16
	65
	<1

	TOBICF2
	14
	65
	<1

	TOBICF4
	12
	63
	<1

	TOBICF5
	2
	68
	1.2

	TOBICF6
	12
	95
	<1

	TOBICF9
	10
	68
	<1

	TOBICF10
	11
	60
	3.8

	TOBICF11
	12
	65
	<1

	TOBICF12
	13
	60
	<1

	TOBICF13
	2
	61
	1.1


Table 3: Urine NAG Level Results
	Patient code
	Age
	Urine NAG level

(umol/l/hr)
	Urine NAG level

(umol/l/min)
	Creat

mmol/l


	NAG/Cr

umol/min/

mmol

	TOBICF1
	16
	1485
	24.75
	4.9
	5.05*

	TOBICF2
	14
	20636**
	344
	2.9
	119* 

	TOBICF4
	12
	N/A
	N/A
	N/A
	N/A

	TOBICF5
	2
	3081
	51.35
	13.8
	3.72*

	TOBICF6
	12
	251
	4.18
	3.5
	1.2*

	TOBICF9
	10
	25
	0.42
	7
	0.06

	TOBICF10
	11
	36
	0.6
	6.4
	0.09

	TOBICF11
	12
	462
	7.7
	13.5
	0.57

	TOBICF12
	13
	6511
	108.5
	11.3
	9.6*

	TOBICF13
	2
	108
	1.8
	3.8
	0.47


*Represents patients with significantly raised urine NAG/Cr ratios as determined by more than double the adult reference range2
** Represents patient whose urine NAG was received and tested at 23/01/09, 8 months after the tobramycin level
The audiology results were all normal except one high frequency hearing loss in a 14 year old girl. As she did not have previous audiology to compare this was of unknown duration.This patient had normal tobramycin levels but had abnormal NAG results.
Table 4: Audiology Results
	Patient code
	Age
	Audiology Report
	Past Audiology report

	TOBICF1
	16
	Normal
	Normal

	TOBICF2
	14
	R ear: 6hz; 65 8hz; 75
L ear: 6hz; 20 8hz; 40
	N/A

	TOBICF4
	12
	Normal
	Normal

	TOBICF5
	2
	Normal
	N/A

	TOBICF6
	12
	Normal
	Normal

	TOBICF9
	10
	Normal
	N/A

	TOBICF10
	11
	Normal
	Normal

	TOBICF11
	12
	Normal
	Normal

	TOBICF12
	13
	Normal
	N/A

	TOBICF13
	2
	Normal
	N/A


There were no adverse events recorded during the trial and therefore no serious adverse events (SAE) or suspected unexpected serious adverse reactions (SUSAR) recorded.
Discussion

This pilot study shows that when serum tobramycin levels are measured 1 hour after TOBI® nebulised by the eFlow® delivery system, some paediatric patients have levels outside the normal trough intravenous tobramycin range. The two youngest patients in the study, both aged 2, had levels outside of this range. Previous published data looks in detail at the safety profile of nebulised tobramycin in adults and children using the Pari LC Plus® nebulisation system. We have looked specifically at children using nebulised tobramycin via the eFlow® nebulisation system and found some abnormal results. TOBI® is actually licensed for use by the Pari LC Plus® nebulisers stated and published on the summary of product characteristics.
This study fulfils the aims of identifying 10 patients within the paediatric population receiving nebulised TOBI® via eFlow® and sampling their serum tobramycin levels one hour after delivery, a time previously shown to coincide with peak serum levels.23
We were also able to measure urine NAG levels and review the NAG/Creatinine ratio as a measure of renal toxicity in 9 patients and review routine audiology in 10 patients.

Reviewing the results of the urine NAG/Cr ratio, five children had significantly abnormal results. Urine enzyme excretion NAG has been shown to be an early indicator of renal injury and aminoglycoside related renal toxicity.15 These children will most likely have received intravenous aminoglycosides in the past and therefore we are unable to draw conclusions about the significance of these results in this small sample. Previous studies have shown that baseline NAG returns to normal after parenteral tobramycin but can remain elevated in some adult patients after parenteral colomycin.15
This study does suggest that paediatric cystic fibrosis patients may have aminoglycoside related renal toxicity when we look at the early indicators. Further study is needed to conclude whether both nebulised and intravenous antibiotics contribute to this effect.
Only one patient showed high frequency hearing loss and due to lack of previous audiology data we are unable to comment on the duration. The pattern of high frequency hearing loss is suggestive of aminoglycoside damage but other causes cannot be excluded. Again we cannot draw conclusions regarding parenteral or inhaled antibiotics as a cause, although the importance of performing routine audiology screening for all cystic fibrosis patients who receive either intravenous or nebulised aminoglycosides regularly is demonstrated.
Although not formally assessed there appears to be no correlation with length of time on TOBI® or eFlow® with abnormal tobramycin serum levels, urine NAG/Cr ratio or abnormal audiology. Two of the patients with raised NAG/Cr levels suggestive of early renal toxicity had been on TOBI for 6 years. It is difficult to draw conclusions directly relating to TOBI®. The length of time on TOBI® suggests long standing chronic Pa infection, which may also have resulted in repeated courses of parenteral aminoglycosides, other antibiotics and medications causing renal damage.
Limitations of study

The main limitations within the study are due to the small sample size. Due to the highly specific nature of the treatment regime and the paediatric age limit; only a multicentre trial will recruit enough participants to draw further conclusions. 

There was some variation in the sampling time for the tobramycin levels with one sample being delayed, however 90% were sampled within 8 minutes of the study protocol.

There was no control group in the study, as very few children with cystic fibrosis now receive TOBI® via conventional nebuliser. However, data for serum tobramycin levels in the latter group are published and thus can be used for comparison. However, a control group may have enabled us to draw more conclusions regarding the significance of the raised urine NAG/Cr ratios and audiology results.

The urine NAG levels and NAG/Cr ratio give us important data and allowed us to demonstrate an association with renal toxicity in a proportion of the subjects. However with the many other medications patients with cystic fibrosis are routinely on and the possible repeated intravenous aminoglycoside treatment causality cannot be proven. The urine tested should have been sent to the laboratory directly after the tobramycin sample was obtained thus ensuring the patients were not on intravenous tobramycin at the same time. 
Full MHRA and Ethical approval and the oversight revealed at the audit have all caused time delays. The amendment did get full ethical and MHRA approval but as a mistake on our part the 2 younger patients were consented prior to amendment documentation being complete. This mistake was rectified with a root cause analysis, further Ethical and MHRA review allowing us to use the data after further discussion and consent with the patient’s parents involved.

The results of this pilot study add to the current published literature regarding nebulised TOBI® and are specific to the eFlow® delivery system. This study looks only at the paediatric population and has concluded that in some subject’s serum tobramycin levels are above the expected levels especially in children aged two years or under.
Audiology has been reviewed in the previous literature and this study adds further data. In published studies previously urine creatinine has been the main measure of any renal compromise. As urine NAG has been shown to be an early indicator of aminoglycoside related renal injury, this study adds data suggesting some children may have associated early renal toxicity.

Further research is needed in this area to ensure that the dosing regimes of nebulised tobramycin via eFlow® and other new nebulisers with vibrating perforated membrane systems are not causing toxicity in the paediatric population. The two youngest children both had levels outside the acceptable intravenous trough levels. The preliminary data suggests that we may need to alter the adult dosage of 300 mg bd according to age or weight in our smallest children using TOBI via eFlow®.
We would suggest stopping nebulised tobramycin whilst patients are receiving parenteral tobramycin as this study and those previously have shown that some nebulised tobramycin does get systemically absorbed. This could potentially increase the risk of toxic blood levels and also has the potential to invalidate serum tobramycin levels.

Conclusion
In conclusion this pilot study has found that serum tobramycin levels over 1mg/L can occur one hour post 300mg TOBI® delivered by eFlow®. This is important safety data that needs to be considered when prescribing TOBI® to the paediatric population. Two out of the three children with raised tobramycin levels were 2 years of age. Raised urinary NAG and NAG/Creatinine ratios in the study population also suggest some children may have associated early renal toxicity. Further study is suggested to determine whether TOBI® dosage should be adjusted for age or weight of the paediatric population when using the eFlow® delivery system. Nebulised TOBI® may need to be withheld whilst patients are on concurrent intravenous tobramycin.
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REFLECTIONS

My research title was chosen in respiratory medicine due to my interest in the subject. I was placed in the Leeds Cystic Fibrosis Unit as part of my Paediatric Registrar training with a special interest in respiratory medicine.

My supervisors helped me and were enthusiastic about my project title that was chosen as it was an area that has caused concern within the Leeds Paediatric CF unit.

The specific title was chosen and then the project was broken down into aims and objectives, always ensuring it was within the limits of a mmedsci study.

From an early stage the strength of the project was a strong personal interest in the subject area and experienced supervisors who felt that the research question was an important one that needed to be addressed. The research participants would all be from the Leeds Paediatric Cystic Fibrosis Regional Unit and therefore only one centre was needed to identify all the possible trial subjects. I had requested to work within the regional unit and I believe that this also strengthens my research project as I was able to have direct contact with the research participants to gain consent and oversee the majority of the samples taken for the trial. I also had my supervisors on site for advice and assistance with the study.

Early during the planning process I realised that I would need ethical approval for my project. I was initially well organised and completed the Ethics application form in good time and had my ethical review panel with the Leeds (East) Research Ethics Committee. 

Unfortunately upon ethical review it was concluded that my research project was a clinical trial of an investigational medicinal product (CTIMP). This meant that the Ethics Committee could not offer a decision and that I had to apply to the Medicines and Healthcare products Regulatory Agency (MHRA), which is an executive agency of the Department of Health.

This involved a very lengthy submission process and was very time consuming. I did learn a lot from the process and simultaneously had to resubmit my Ethics application under the different title. My MHRA application process included submission in PDF format of the application form, protocol, ethical opinion, summary of scientific advice, subject related consent forms and information leaflets, summary of TOBI product characteristics and CV’s.

As the trial was involving children of differing ages I had to write information leaflets for children< 12, 12-16 and parents. The consent forms also had to be age appropriate with 16-18 year olds having their own consent and < 16 needing parental consent, but patient assent. The application was accepted on 27/11/2007 and ethical approval was granted on the 4th December 2007.

The process was very frustrating initially as I was not giving my patients any new medication, purely looking at important safety aspects of the medication they were already taking. My supervisors and I were very keen to get on with the project but the application process did cause a prolonged delay.

Submission to the MHRA also involved getting the Leeds Teaching NHS Trust to act as a sponsor for my trial which involved several meetings. The research and development department at LTHT were very helpful in assisting my MHRA application as I was not a full time research fellow and had limited skills and resources. I found the focus very different to clinical work and a lot of emphasis was placed on any adverse event reporting (serious adverse events and suspected unexpected serious adverse reactions) saving all updated information as ‘versions’ and data protection.

The research sponsorship agreement was dated 08/01/2008. I was required to version all my work and any amendments during the trial would need further approval. 

During the trial period I had to hold trial management group meetings monthly to ensure progress and ensure protocol was being strictly adhered to and ensure that any adverse events were recorded.

The main problem with my project was the large time delay taken to get approval therefore I was unable to consent my patients and start the trial until after January 2008. I had just 1 amendment that went to MHRA and Ethics for approval during the trial. I had initially quoted ages from 6-16 but after review I needed to include younger patients from the age of 2.
A research governance audit found that subjects TOBICF5 and TOBICF13 were consented for this study prior to full ethical approval being granted for this age range. This was deemed to be a serious breach of GCP protocol and therefore the MHRA and ethical committees needed to be informed. The amendment did get full ethical and MHRA approval but as a mistake on our part the 2 younger patients were consented prior to all the documentation being received. This resulted in several discussions with the R and D department and a root cause analysis being performed. A subsequent ethical review and discussion with the parents involved has granted that this data be included as the data may have important safety implications for the wider CF community. The mistake was fully explained to the parents and further consent to include the data was taken. Again this proved a learning point and the areas of GCP consent training are being reviewed with regards to improvement. The whole research team plan to undertake a consent workshop in the near future.
During my time working with the children, adolescents and parents attending the CF unit I did get to know many of the families well. All groups were very keen to participate in my study and were very accommodating when approached. As these patients and families already have a significant medical burden and have often participated in many other trials I was extremely grateful of their assistance.

The limitations of the study were the obvious small sample. I initially consented 13 but only received 10 samples for the tobramycin levels.

The 2 teenage boys that consented and agreed to take part unfortunately recurrently forgot to bring their nebulisers to clinic or the ward even after my reminder texts and phone calls (which probably reflected their overall compliance). This meant that we were never able to obtain samples on these 2 patients and one patient stopped taking TOBI® for clinical reasons after consent. The audiology department was very obliging in quickly arranging the routine audiology. Only 1 patient did not attend and therefore this was rearranged nearer their home in York but caused a time delay. I thought all the urine for NAG samples had been sent to the lab but when there was analysis of the whole batch only 8 samples were present. I am unsure whether the 2 samples were not obtained or misplaced in transit to the laboratory. One further sample for urine NAG was sent at a later date and analysed in the identical way by the same reagents. After discussion with the laboratory the results were felt to be comparable. 
I believe this project to be a pilot study and hopefully a larger case-control study to review oto-toxicity and renal function; and further pharmacokinetic study to look at toxicology will follow to address the important safety implications for the paediatric population using TOBI via eflow®.
Overall I have found the project very rewarding and my prolonged application process has improved my understanding of the preparation and background to clinical trials. It has only been possible due to the support and assistance of my supervisors especially with the consent complications encountered. I also have an increased knowledge of the understanding of the process and identification of errors and how to address these issues.
Although very time consuming and initially frustrating I hope through my experiences to have produced a sound piece of research that will be published.
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1.
Protocol Summary

1.1
Title of trial: Does nebulised tobramycin (TOBI) via e-flow delivery systems cause a raised peak serum tobramycin level in children with Cystic Fibrosis?
1.2
Investigational Medicinal Product: TOBI (one ampoule of 5mL contains tobramycin 300mg as a single dose for nebulisation)
1.3
Comparator Product:  None

1.4
Objectives: 

1. To identify a cross section of children with cystic fibrosis receiving nebulised tobramycin via e-flow and determine their length of time on this treatment.

2. To determine if the delivery of nebulised tobramycin via e-flow delivery systems causes a raised serum tobramycin level one hour after delivery.

3. To measure urine NAG (N-acetyl-beta-D-glucosaminidase) as a measure of tobramycin renal toxicity and review routine yearly audiology reports as a measure of oto-toxicity.

1.5
Design:  

· The purpose of this study is to ensure that patients receiving tobramycin by a new nebuliser delivery system (e flow) that is theoretically more efficient do not get toxic blood tobramycin levels. Toxic blood tobramycin levels can lead to kidney damage and hearing impairment.
· The study is a cross sectional study.

· The subjects are children with cystic fibrosis treated with nebulised tobramycin via e-flow at SJUH. The sample will be identified from patient notes and databases held at the cystic fibrosis unit.

· Consent will need to be obtained in clinic after written information by myself or another member of the team.

· We will be taking a central blood sample (at least 2 millilitres) 1 hour after nebulised tobramycin (in clinic or at home by the CF nursing team), and a random urine sample. The blood sample will be timed with a routine central venous access flush to ensure that no extra procedures are being used.

· I will also be reviewing patient notes to determine length of time on this particular treatment and look at routine audiology reports.

· Serum creatinine is a late marker of renal toxicity and urine enzyme excretion (NAG) has been shown to be an early indicator of renal injury and aminoglycoside related renal toxicity. 

· Data will be analysed as a set of results including tobramycin levels, any abnormal audiology and any raised NAG levels. Associations may be identified between the groups and length of time on treatment.

1.6
Treatment Group: 

All children attending the Leeds Regional Paediatric Cystic Fibrosis Unit who receive nebulised tobramycin (TOBI) via the e-flow delivery system.
1.7
Study Schedule: 

The participants will have to read the study information and consent.

After this they will just need to have one blood test taken 1 hour after their routine TOBI nebuliser and provide one urine sample. 

As we will try to fit this around their routine care, the duration of participation will include the clinic visit where access device is due to be flushed or home visit from cystic fibrosis nursing team where access device flush is due. 

We will then ask at the next clinic visit if there have been any problems or adverse events.

For data safety collection please see main section of protocol.

1.8
Trial Endpoints: 

Blood tobramycin levels one hour post nebulised tobramycin (TOBI) and urine NAG (N acetyl beta D glucosaminidase) levels.

Review of patients routine audiology tests for changes of over 15 decibels bilaterally.
1.9 
Trial Timelines and Accrual: 

I am completing this study as part of my masters in child health course and have Dr Brownlee and Dr Lee, the Consultant Paediatricians for cystic fibrosis as my supervisors. I have applied for ethical review by the Leeds (East) Research Ethics Committee. I aim to complete the project within a year timescale. I have allowed four months for the application and implementation process, four months for consent and sample collection and four months for analysis and submission. 

Participants will be identified through the cystic fibrosis centre at St James's University Hospital. All children with cystic fibrosis on nebulised tobramycin via e flow delivery system will be included. These children will be identified from their medical notes and physiotherapy records. After initial discussion the number of patients will be between 20 and 30.

Patients will be approached in routine outpatient clinics by myself, Dr Brownlee or Dr Lee. Dr Brownlee is my supervisor during this project and he is the consultant for the patients with cystic fibrosis in Yorkshire. Dr Lee is also a consultant involved with the cystic fibrosis centre. Patients will be given verbal and written information about the project and will have time to decide whether to consent to participation.

All children with cystic fibrosis are seen in the Leeds Regional Paediatric Cystic Fibrosis Unit every 6-8 weeks as part of standard medical care. As this study is looking at part of their routine care follow up will occur as normal. The only addition will be to check for any problems including adverse events or reactions at the next clinic after the samples have been taken.
1.10 End of the Trial: 

The patient participation aspect of the trial will be completed when every patient has attended clinic after the tobramycin sample (1hour after nebulisation) has been obtained. This routine clinic will be used to follow up any adverse events or reactions and collect the urine.

The end of data collection will be when I have the results of all the blood serum tobramycin levels, urine NAG levels and have completed my review of the medical notes looking at length of time on treatment and audiology reports.

2.
Introduction

2.1
Background

Intravenous tobramycin is used as a cyclical antibiotic in patients with cystic fibrosis chronically infected with Pseudomonas aeruginosa. Intravenous tobramycin is known to potentially cause renal and oto-toxicity and therefore peak and trough levels are measured.5 8 These levels are to look for acute toxicity (peak) and accumulation (trough) and allow intravenous tobramycin to be altered appropriately. Renal toxicity is caused by the inhibition of intracellular phospholipases in the proximal convoluted tubule and therefore progressive loss of function. Nebulised tobramycin (TOBI) was first used in the 1990’s1 because of the anti-pseudomonal properties and the hypothesis that inspired aminoglycosides have reduced systemic toxicity.4
Until recently conventional compressed–air driven nebulisers, such as the Pari LC Plus were used for nebulised tobramycin delivery.4
The new e-flow nebulisation systems were introduced gradually from 2005 and deliver both nebulised tobramycin and Dnase. These nebulisers have high delivery efficiency via a low velocity aerosol therefore theoretically delivering a higher level of inhaled tobramycin.6 They produce efficient aerosolation via a vibrating perforated membrane and have been licensed since 2004.

A review of nebulised tobramycin (TOBI) in the literature shows characterisation of peak (1 hour post delivery) serum levels by the previous delivery system only. 1 2 3 5 There have also been case reports about hearing loss and acute renal failure secondary to nebulised tobramycin in adults and adolescents.7 At the Leeds Cystic Fibrosis Centre it has been noted anecdotally that high trough tobramycin levels have occurred in patients receiving both intravenous and nebulised tobramycin concurrently when using the e-flow delivery system. Further research is needed in this area, because of concerns regarding the potential for increased systemic absorption of nebulised tobramycin following delivery by e-flow and the lifelong renal and audiological implications.

2.2
Investigational Medicinal Product


2.2.1: Investigator Brochure (IB) Updates
As the product is being used as part of the patient’s routine care at a licensed dose by their normal route an Investigator Brochure will not be used.

2.2.2: Summary of Product Characteristics (SPC)

The electronic Medicines compendium has been used to look at a summary of product characteristics for TOBI. This version was last updated September 28th 2006.

Tobramycin is an aminoglycoside antibiotic produced by Streptomyces tenebrariu. It is used for the long-term management of chronic pulmonary infection due to Pseudomonas aeruginosa in cystic fibrosis (CF) patients aged 6 years and older. It is taken in a cyclical manner, 28 days on treatment and 28 days off treatment. The antibiotic is delivered to the lungs by inhalation via a nebuliser device. The dose is 300mg (one ampoule of 5ml) twice a day. 

Special precaution should be used in patients with neuromuscular disorders, renal dysfunction and sub-optimal audiological function.

2.2.3: TOBI (one ampoule of 5mL contains tobramycin 300mg as a single dose for nebulisation)

2.3
Rationale for the Proposed Study
The research is necessary to ensure patients are not receiving harmful amounts of inhaled tobramycin by new more efficient delivery systems. We wish to identify tobramycin levels which may be of clinical significance.

Children with cystic fibrosis are treated with an antibiotic called tobramycin to treat a chronic infection with an organism, pseudomonas aeruginosa. This is given intravenously in a cyclical pattern but can also be given in an inspired form by a nebuliser device. The nebulised form has been used since the 1990's to treat the chronic infection with the hypothesis that inspired antibiotics would not reach harmful amounts in the blood.

High blood tobramycin levels can lead to kidney and hearing damage. The new nebulisers have been used gradually from 2005 in Leeds and are more efficient therefore theoretically delivering a higher dose. The dose of tobramycin has remained unchanged.

The published data on blood tobramycin levels 1 hour after nebulised tobramycin are by the old delivery system only and they were not found to be high.

Anecdotally in the Leeds Cystic Fibrosis centre there have been high tobramycin levels on patients receiving both intravenous and nebulised tobramycin via the e flow delivery system.

2.4
Good Clinical Practice (GCP) and Regulatory Compliance

This clinical trial, which involves the use of an investigational medicinal product has been designed and will be run in accordance with the principles of GCP and the current regulatory requirements, as detailed in the Medicines for Human Use (Clinical Trials) Regulations 2004 and any subsequent amendments of the clinical trial regulations.

3.
Trial Objectives

· To identify a cross section of children with cystic fibrosis receiving nebulised tobramycin via e-flow and determine their length of time on this treatment.

· To determine if the delivery of nebulised tobramycin via e-flow delivery systems causes a raised serum tobramycin level one hour after delivery.

· To measure urine NAG (N-acetyl-beta-D-glucosaminidase) as a measure of tobramycin renal toxicity and review routine yearly audiology reports as a measure of oto-toxicity.

4.
Trial Design

4.1
Endpoints

4.1.1: Primary Endpoint

To determine whether nebulised tobramycin via e flow delivery system causes raised serum tobramycin levels at 1 hour?

4.1.2: Secondary Endpoint(s)

Is there any increased renal toxicity in these patients as observed by raised urine NAG (N acetyl beta D glucosaminidase) enzyme levels?

Is there any increased oto toxicity in these patients observed by change in auditory acuity (defined by bilateral decrease of 15 dB or more) in routine yearly audiology testing?

Are there implications for timings of nebulisers and tobramycin levels in patients on intravenous tobramycin?

Should the nebulised dose of tobramycin via e flow be adjusted?
5.
Trial Subject Selection

5.1
Eligibility Criteria


5.1.1: Inclusion Criteria

(a)Male and Female children over the age of 2 and under the age of 18 with Cystic Fibrosis



(b) Receiving nebulised TOBI via e-flow delivery system


(c)


(d)


5.1.2: Exclusion Criteria

(a) Any patient on intravenous tobramycin concurrently and within a 1 week time period of blood sample collection.


(b)

(c) 

(d)

5.2
Recruitment, Consent and Randomisation Processes

5.2.1: Recruitment 

Participants will be identified through the cystic fibrosis centre at St James's University Hospital. All children with cystic fibrosis on nebulised tobramycin via e flow delivery system will be included. These children will be identified from their medical notes and physiotherapy records. After initial discussion the number of patients will be between 20 and 30.

Patients will be approached in routine out patient clinics by myself, Dr Brownlee or Dr Lee. Dr Brownlee is my supervisor during this project and he is the consultant for the patients with cystic fibrosis in Yorkshire. Dr Lee is also a consultant involved with the cystic fibrosis centre. Patients will be given verbal and written information about the project and will have time to decide whether to consent to participation.

Following information provision, patients will have at least 24 hours to consider participation and will be given the opportunity to discuss the trial with their family and healthcare professionals before they are asked whether they would be willing to take part in the trial. This process will be clearly documented into the patient’s medical notes

5.2.2: Consent

Written consent will be obtained from all parents of children participating in the trial. We will also gain written assent from all children participating in the trial. This will be taken in clinic by myself, Dr Brownlee or Dr Lee. Written information sheets have been prepared for parents, children aged 12-16 and those under 12. These information sheets are available for the families to take home and read at leisure to make an informed decision about consent and contact details are also present to answer any parental or patient questions regarding the study.

The right of the patient to refuse consent without giving reasons will be respected. Further, the patient will remain free to withdraw from the study at any time without giving reasons and without prejudicing any further treatment. A copy of the consent will be given to the patient, one filed in the Trial Master File, one filed in the hospital notes and a fourth copy sent to the Sponsor.  The written consent will be taken by a clinician, who has signed / dated the staff authorisation / delegation log.  The process of obtaining written consent will be clearly documented in the patient’s medical notes. 


5.2.3: Randomisation


Not applicable for this trial

5.2.4: Un-blinding


Not applicable for this trial

5.2.5: Patients who Withdraw Consent

If patients decide to take part they are free to withdraw consent to the study at any time and do not have to give a reason. If they withdraw, unless they object, we will still keep records relating to the treatment given to them, as this is valuable to the study. A decision to withdraw at any time, or a decision not to take part, will not affect the quality of their care 
5.2.6: Managing / replacing patient who withdraw from the trial early

Patients are free to withdraw from the study at any time and do not need to give us a reason. If they withdraw from the study we will destroy all identifiable samples, but have included in the patient information that we may need to use the data collected up to their withdrawal.

As the trial is looking at their routine care, the patient management will continue in exactly the same way after the study if they withdraw early or complete the study.

6.
Trial Drug Treatment

6.1 General information on the products (trial drugs) to be used

Nebulised tobramycin (TOBI) was first used in the 1990’s1 because of the anti-pseudomonal properties and the hypothesis that inspired aminoglycosides have reduced systemic toxicity. TOBI is routinely used for the long-term management of chronic pulmonary infection due to Pseudomonas aeruginosa in cystic fibrosis (CF) patients aged 6 years and older. 

TOBI consists of one ampoule of 5mL containing tobramycin 300mg as a single dose and is used twice daily delivered by a nebuliser to allow inhalation of the medication to the lungs. Patients follow a cycle of 28 days on the TOBI followed by 28 days off the medication.
6.2 Frequency and duration of the trial drugs

The medication will be given by the e-flow nebulisation system twice a day. The dose is 300mg. The medication is to be taken in a cycle for 28 days and then not taken for 28 days. This cycle is continuous and is how the medication is licensed. 

6.3 Administration / handling of the trial drugs

The TOBI is nebulised via the e-flow device. The e-flow works by producing efficient aerosolation via a vibrating perforated membrane. The e-flow nebuliser was introduced in Leeds in 2005 and is quicker, quieter and more portable than the previous jet nebuliser systems.

6.4 Concomitant Medications and Treatment

The study group will be taking all their routine medications for the management of cystic fibrosis. Patients will be taking fat soluble vitamins, pancreatic supplementation, bilary agents, regular oral antibiotics and nebulised bronchodilators, mucolytics and steroids.

6.5 Special warnings and precaution for use with other concomitant medications

The study group are already taking this dose of medication as part of routine care as well as other concomitant medications used routinely in the management of children with cystic fibrosis. 

Any serious adverse events or suspected unexplained serious adverse reactions will be reported as part of the trial.

6.6 Dose Modifications

No dose modifications are being used prior to commencement of this study.

6.7 Drug Supply

The drug supply will be patient own, supplied by the general practitioner of Leeds Teaching Hospitals NHS Trust pharmacy.

6.8 Withdrawal of Treatment

As the study is looking at routine care that the patients are receiving prior to the trial any decision about withdrawal of treatment will have to be discussed with Dr Brownlee, Consultant Paediatrician.

7.
Trial Schedule

7.1 
Visit by visit schedule


Consent in routine CF out patient clinic. Visit at home for routine port flush or routine port flush in clinic. Routine follow up clinic patients will be asked to describe any problems or adverse events. Urine sample can be provided at any opportunity above.

7.2 
Summary trial schedule


1. Consent

2. Blood sample to be taken during routine flush 1 hour after nebulised tobramycin.

3. Routine clinic to be used to review any adverse reactions or events and provide urine sample.

4. Analyse data and results

8.
Assessment of Efficacy

Treatment of pseudomonas infection as quoted in previous studies.

9.
Pharmacovigilance

9.1
Defining Adverse Events

An adverse event (AE) is any untoward medical occurrence in a patient during or following administration of an investigational product and which does not necessarily have a causal relationship with treatment. An AE can therefore be any unfavourable and unintended sign (including an abnormal laboratory finding), symptom, or disease temporarily associated with the use of the trial drugs, whether or not considered related to the trial drugs.

Any problems with hearing or kidney function should especially be watched for. Shortness of breath, cough, dizziness, allergic reaction, unexplained pains, fever and nausea are some of the side effects that rarely occur with tobramycin nebulised therapy.

9.2
Defining Serious Adverse Events (SAEs)

A Serious Adverse Event is defined in general as an untoward (unfavourable) event, which:

· is fatal. Death may occur as a result of the basic disease process.  Nevertheless, all deaths occurring within 30 days of the last administration of the study agent must be treated as an SAE and reported as such.  All deaths which may be considered as related to the trial agent, regardless of the interval, must be treated as a SAE and reported as such.

· is life-threatening 

· requires or prolongs hospitalization( not for usual management of cystic fibrosis)

· results in persistent or significant disability or incapacity

· is a congenital anomaly or a birth defect, or

· may jeopardise the patient and may require medical or surgical intervention to prevent one of the outcomes listed above

9.3
Defining Suspected Unexpected Serious Adverse Reactions (SUSARs)

All SAEs assigned by the local investigator as both suspected to be related to the trial drugs and unexpected are subject to expedited reporting. An event is unexpected when information is not consistent with the available product information or if they add significant information on the specificity or severity of an expected reaction

9.4 
Reporting criteria and timelines for SAEs

All patients will be asked in the next clinic appointment after the tobramycin level has been taken about any severe adverse events. This follow up clinic will be from 4-8 weeks after the level has been taken to allow appropriate time for any adverse events to occur. Any SAE reported during the trial will also be reported to the Leeds Teaching Hospitals NHS Trust from the time the research team become aware. 

9.5 Reporting criteria and timelines for SUSARs

All patients will be asked in the next clinic appointment after the tobramycin level has been taken about any suspected unexpected serious adverse reactions. This follow up clinic will be from 4-8 weeks after the level has been taken to allow appropriate time for any adverse events to occur.

Any SUSAR’s reported during the trial will also be reported to the Leeds Teaching Hospitals NHS Trust, MHRA and MREC. SUSARs whose outcomes are death or life threatening injury will be reported within 7 days of research team being made aware and followed up after 8 days. All other SUSARs will be reported within 15 days of the research team becoming aware and followed up after 8 days.
9.6 Pregnancy

Our study population is children and therefore pregnancy should not be an issue. I am aware that the study group will include some teenage girls and therefore if a patient became pregnant the routine care would continue. As the study is looking at routine care of a medication under licensed dose and route no extra follow up would be required for the study. Pregnancy will be reported as a separate event to the sponsor and followed up until outcome.

Pregnancy and cystic fibrosis is a high risk therefore routine follow up for medical and obstetric care may be more regular. TOBI should not be used during pregnancy or lactation unless the benefits to the mother outweigh the risks to the foetus or baby and this decision would be taken by the medical team. Ninety five percent of males with cystic fibrosis have congenital bilateral absence of the Vas Deferens and are therefore infertile.

10.
Data Collection, Source Data and Confidentiality

10.1 General

All information collected during the course of the trial will be kept strictly confidential.  

Information will be held securely on paper and electronically at the Leeds Regional Paediatric Cystic Fibrosis Unit and on my personal password protected computer.

The Leeds Regional Paediatric Cystic Fibrosis Unit will comply with all aspects of the Data Protection Act 1998 and operationally this will include:

· consent from patients to record personal details including name, date of birth, address and telephone number, NHS ID, hospital ID, GP name and address (include as appropriate)
· appropriate storage, restricted access and disposal arrangements for patient personal and clinical details

· consent from patients for access to their medical records by responsible individuals from the research staff, the sponsor or from regulatory authorities, where it is relevant to trial participation

· consent from patients for the data collected for the trial to be used to evaluate safety and develop new research.

10.2 
Archiving
In line with the principles of GCP / UK Clinical trial Regulations guidelines, at the end of the trial, data will be securely archived at each participating centre for a minimum of 15 years.  Arrangements for confidential destruction will then be made. If a patient withdraws consent for their data to be used, it will be confidentially destroyed immediately. No records may be destroyed without first obtaining written permission from the Sponsor.

Study documentation / data must not be destroyed without the approval of the sponsor.

11.
Statistical Considerations
11.1 Sample Size / Power Calculations

As the study sample group is small (20-30) power calculations have not been performed. As the disease and treatment modality are rare all patients in the Leeds Regional Paediatric Cystic Fibrosis Unit have been included in the study if consent is obtained. If the study shows significant results I would like to expand the study to involve multi-centre cystic fibrosis units in a larger trial in the future.
11.2 
Statistical Analysis

Descriptive statistics (mean, minimum and maximum tobramycin levels).

Audiometry and urine NAG levels will be compared to the tobramycin levels via the appropriate correlation coefficient.

12.
Data Monitoring
12.1 Data Monitoring

Trial management group to consist of the research team to meet every 2-4 weeks to discuss all aspects of the study including patient recruitment, sample collection, data monitoring, results and analysis.

12.2 Quality Assurance

The Sponsor has systems in place to ensure that there is reporting and appropriate action taken in respect of:

(a) Serious breaches of GCP, the trial protocol and the Clinical Trial Authorisation.

(b) Urgent safety Measures

(c) Protocol violations

 

A “serious breach” is a breach which is likely to effect to a significant degree – 

 

(a) the safety or physical or mental integrity of the subjects of the trial; or



(b) the scientific value of the trial”.

 

Investigators will promptly notify the Sponsor QA Office of the following within the required timeframe, once they become aware of:

(a) serious breaches of GCP, the trial protocol and the Clinical Trial Authorisation.

(b) Urgent safety Measures

(c) Protocol violations

(d) Any amendments to the trial

(e) Any changes the Clinical Trial Risk Assessment (form A).

(f) Any other issues as stated in the Research Sponsorship Agreement (RSA)

The Sponsor reserves the right to audit any site involved in the trial and authorisation for this is given via the RSA.

12.3 Trial Steering Committee

Trial management group will act as the trial steering committee.

12.4 Data Monitoring and Ethics Committee

Trial management group will be involved in data monitoring. This study was submitted for ethical opinion by the NHS by Leeds (East) Research Ethics Committee.

13.
Ethical Considerations

The trial will be performed in accordance with the recommendations guiding ethical research involving human subjects adopted by the 18th World Medical Assembly, Helsinki, Finland, 1964, amended at the 48th General Assembly, Somerset West Republic of South Africa, October 1996. Informed written consent will be obtained from the patients prior to randomisation/registration into the study.  The right of a patient to refuse participation without giving reasons must be respected.  The patient must remain free to withdraw at any time from the study without giving reasons and without prejudicing his/her further treatment. The study will be submitted to and approved by a main Research Ethics Committee (REC) and the appropriate Research Ethics Committee (REC) for each participating centre prior to entering patients into the study. 

14.
Statement of Indemnity

Clinical negligence indemnification will rest with the participating NHS Trust or Trusts under standard NHS arrangements.  As sponsor, the Trust does not provide indemnification against claims arising from non-negligent harm.  

15.
Publication Policy

I aim to publish the study in a peer reviewed medical journal or  present it at a scientific conference. The data will be anonymous and none of the patients involved in the trial will be identified in any report or publication. I also aim to send a summary of my results to all the patients involved in the study.
16.
Study Organisational Structure

The study is being coordinated by myself as the principle investigator with Dr Brownlee, chief investigator as my supervisor. The trial management group will meet regularly to review all aspects of the study.
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PATIENT INFORMATION SHEET (AGE 12-18)

Does nebulised tobramycin (TOBI) via e-flow delivery systems cause a raised peak serum tobramycin level in children with Cystic Fibrosis?

PART  1
1.
Invitation

This information sheet is about a research project in which we are inviting you to take part.  Although we have to ask your parents' permission for you to take part, it is important that you understand what the study is about and are happy to take part too. Neither you nor your parents have to say yes, you can say no, however if you have any worries or things you want to ask about the treatment, the doctor or research nurse would be very pleased to talk to you.
PART 1 tells you the purpose of this study and what will happen to you if you take part.

PART 2 gives you more detailed information about the conduct of the study.

Ask us if there is anything that is not clear, or if you would like more information. Take time to decide whether or not you wish to take part.

2.
What is the purpose of the study?

The study aims to look at the amount of TOBI (antibiotic) that gets into the blood by your e-flow nebulisers. 

TOBI is an antibiotic used to treat pseudomonas infections and there are known side effects of hearing and kidney problems if the blood levels are too high. 

I want to check levels 1 hour after the end of your nebuliser to ensure they are normal. 

I also want to look at your hearing test results and a urine sample to check that they have not been affected.

3.
Why have I been chosen? 
I have chosen all children from Leeds Cystic Fibrosis on TOBI via the e-flow nebulisers who agree to take part.

4.
Do I have to take part?

Taking part in this study is entirely voluntary. If you prefer not to take part you do not have to give a reason. Your doctor will not be upset, and your treatment will not be affected in any way. If you do take part but later change your mind, you can withdraw at any time without affecting your care. If you do not want to go on the study at all then that is alright as well. If you want to talk it through with somebody in your family or a friend or a doctor or nurse then that is fine and we would like you to take the time to do that
It is up to you and your parents to decide whether or not to take part.   If you decide to take part you will be given this information sheet to keep and be asked to sign an assent form to confirm that you understand what is involved when taking part in this study. If you decide to take part you are free to leave the study at any time and without giving a reason. 
5. 
What will happen to me if I take part?

We will ask you and your parent’s permission in clinic. A sample of blood will be collected 1 hour after the end of the nebulised TOBI via e-flow when your port is routinely due to be flushed. Blood will be collected at the time of port flushing in clinic or at home by the CF nursing team. 

We will ask you to write down on a sheet provided when the nebuliser started and finished, so that the nursing team can take the blood test 1 hour after the end of the nebuliser and they will write this down too. I will also ask permission to text you or your parents to remind them on the day of the flush to write down when the nebuliser starts and finishes.

We will ask for a urine sample in a white-topped bottle to be supplied on the day due to attend clinic.

I will also ask permission to review your medical notes especially looking at the length of time on TOBI by e-flow and routine hearing tests. 

The duration of your participation will be from consent to 1 clinic after your routine flush. The participation we will need is just one routine flush timed to 1 hour after the TOBI by e-flow, then a urine to be brought to the next clinic and we will ask at this clinic if there have been any problems since the tobramycin level was taken.

All samples will be destroyed as soon as the appropriate tests have been performed.
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6 
What do I have to do? 

After you and your parents have agreed to take part in the study we will arrange for the blood test to be taken at the next routine port flush. 

If you have your flushes normally at home, you have to remember to start the nebuliser about 30 minutes before the CF nurse is due to visit and to write down the time of start and end of nebulised TOBI (I will ask permission to text or phone you or your parents on this day to remind you) At 1 hour after the end of the nebuliser the CF nurse will flush your port as normal and remove a blood sample. 

If you are due a routine flush in clinic we will give you your nebuliser at the beginning of clinic and write down the time, then flush your port 1 hour later at the end of clinic and remove the blood sample.

You will also need to bring a sample of urine to clinic in a white-topped bottle and to inform us if there have been any problems since the last tobramycin level was taken.

There will be no change in your routine care or treatment during the study.

7. 
What is the drug that is being tested?

I want to look at TOBI (one ampoule of 5mL contains tobramycin 300mg as a single dose for nebulisation) as it is being used in the same dose used for your routine care. I am primarily looking at the tobramycin blood levels 1 hour after nebulisation via e-flow.
8.
What are the alternatives for diagnosis or treatment?

This is your routine care and the TOBI is being used at the licensed dose by a licensed e-flow delivery system. There are no alternatives for treatment in this study.

9. What are the side effects of any treatment received when taking part?
If you do decide to take part in the study, you must report any problems your have to your study nurse or doctor. There is also a contact number given at the end of this information sheet for you to phone if you become worried at any time. In the unlikely event of an emergency occurring during the conduct of the study, we may contact your nominated next of kin.

10.
What are other possible disadvantages and risks of taking part?

As this is looking at routine care already being given there are no additional treatment risks of taking part. The disadvantage of taking part will be that we have to time 1 port flush to 1 hour after a nebuliser that may be of inconvenience.  

11.
What are the possible benefits of taking part? 

We cannot promise the study will help you but the information we get might help improve the treatment of people with Cystic Fibrosis. We hope to find out about blood levels after nebulised tobramycin to help us with your doses and to help with timings of blood tobramycin levels when on intravenous tobramycin as well as nebulised TOBI.
12.
What happens when the research study stops?

As we are looking at your routine care when the study stops you continue with this care. If you wish to know the results of the study, I will to write to you with a summary of the study results.

13.
What if there is a problem?

If you have a concern about any aspect of this study, you should ask to speak with the researchers who will do their best to answer your question.  If you remain unhappy and wish to complain formally, you can do this through the NHS Complaints Procedure.  Details can be obtained from the hospital.
In the event that something does go wrong and you are harmed during the research study there are no special compensation arrangements.  If you are harmed and this is due to someone’s negligence then you may have grounds for a legal action for compensation but you may have to pay your legal costs.  The normal National Health Service complaints mechanisms will still be available to you.

14.
Will my taking part in this study be kept confidential?

Yes.  All the information about your participation in this study will be kept confidential.  The details are included in Part 2.

15.
Contact Details

Your Doctor

Name: Dr Brownlee and Dr Clubley


Tel. Number: 01132065200
Your Research/Specialist Nurse

Name: Andrea Dodds



Tel. Number: 01132065200
This completes Part 1 of the Information Sheet.

If the information in Part 1 has interested you and you are considering 

participation, please continue to read the additional information in Part 
2 before making any decision
PART  2
16. 
What if new information becomes available?

Sometimes during the course of a clinical trial, new information becomes available on the drugs that are being studied. If this happens, we will tell you about it and discuss with you whether you want to or should continue in the study. If you decide to withdraw, we will make arrangements for your care to continue. If you decide to continue in the study you will be asked to sign an updated consent form.

On receiving new information, we might consider it to be in your best interests to withdraw you from the study. If so, we will explain the reasons and arrange for your care to continue.

If the study is stopped for any other reason, you will be told why and your  continuing care will be arranged.

17.
What will happen if I don’t want to carry on with the study?

You are free to withdraw from the study at any time and do not need to give us a reason. If you withdraw from the study we will destroy all identifiable samples, but we may need to use the data collected up to your withdrawal.

18.
Will my part in this study be kept confidential?

If you consent to take part in this study, the records obtained while you are in this study as well as related health records will remain strictly confidential at all times. The information will be held securely on paper and electronically at your treating hospital under the provisions of the 1998 Data Protection Act. Your name will not be passed to anyone else outside the research team or the sponsor, who is not involved in the trial. You will be allocated a trial number, which will be used as a code to identify you on all trial forms.

Your records will be available to people authorised to work on the trial but may also need to be made available to people authorised by the Research Sponsor, which is the organisation responsible for ensuring that the study is carried out correctly. A copy of your consent form may be sent to the Research Sponsor during the course of the study. By signing the consent form you agree to this access for the current study and any further research that may be conducted in relation to it, even if you withdraw from the current study. 

The information collected about you may also be shown to authorised people from the UK Regulatory Authority and Independent Ethics Committee; this is to ensure that the study is carried out to the highest possible scientific standards.  All will have a duty of confidentiality to you as a research participant.

If you withdraw consent from further study treatment, unless you object, your data and samples will remain on file and will be included in the final study analysis.

In line with Good Clinical Practice guidelines, at the end of the study, your data will be securely archived for a minimum of 15 years. Arrangements for confidential destruction will then be made. With your permission, your  GP, and other doctors who may be treating you, will be notified that you are taking part in this study.

19. 
Informing your General Practitioner (GP)

We will notify your General Practitioner of their inclusion in this study and send them a summary of information about the study.

20. 
What will happen to any samples I give?

The blood samples given will be tested within 24 hours for tobramycin levels at the microbiology laboratory at SJUH and then destroyed. The urine samples given will be frozen until we have collected all the samples at the biochemistry laboratory. They will then be analysed for urine NAG (N-acetyl-beta-D-glucosaminidase) levels at the biochemistry laboratory at SJUH. The urine samples will also be destroyed after NAG analysis.

21.
Will any Genetic testing be done?

No
22.
What will happen to the results of this clinical trial?

The results of the study will be available after it finishes and will usually be published in a medical journal or be presented at a scientific conference. The data will be anonymous and none of the patients involved in the trial will be identified in any report or publication. The results may also be used to make clinical decisions about TOBI doses and timings of nebulised TOBI when also on intravenous tobramycin.

Should you wish to see the results, or the publication, please ask your study doctor. 

23.
Who is organising and funding this clinical trial?

Dr Clubley, Dr Brownlee and Dr Lee are organizing this trial through the Leeds Regional Paediatric Cystic Fibrosis Unit. The Leeds Teaching Hospitals NHS Trust are sponsoring this trial.

24.
Who has reviewed the study?

This study was given favourable ethical opinion for conduct in the NHS by Leeds East Research Ethics Committee.

25.
Contact for further information
You are encouraged to ask any questions you wish, before, during or after your part in the study. If you have any questions about the study, please speak to your study nurse or doctor, who will be able to provide you with up to date information about the drug(s)/procedure(s) involved. If you wish to read the research on which this study is based, please ask your study nurse or doctor.

Thank you for reading this sheet. If you have any questions about this study and what would be happening, please ask the doctor or the research nurse and we will help you as much as we can, or you could talk to
Dr Emma Clubley, Dr K Brownlee or Dr T Lee, Telephone 01132746562 

Leeds Regional Paediatric Cystic Fibrosis Unit

St James’s University Hospital

Beckett Street

Leeds

LS9 7TF

If you decide you would like to take part then please read and sign the assent form and we will ask your parents to read and sign the consent form. You will be given a copy of this information sheet and the consent form to keep. A copy of the consent form will be filed in your notes, one will be filed with the study records and one may be sent to the Research Sponsor.

You can have more time to think this over if you are at all unsure.

Thank you for taking the time to read this information sheet and to consider this study.
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PATIENT INFORMATION SHEET (AGE <12)

Does nebulised tobramycin (TOBI) via e-flow delivery systems cause a raised peak serum tobramycin level in children with Cystic Fibrosis?

1.
Invitation

This information sheet is about a research project in which we are inviting you to take part.  Although we have to ask your parents' permission for you to take part, it is important that you understand what the study is about and are happy to take part too. Neither you or your parents have to say yes, you can say no, however if you have any worries or things you want to ask about the treatment, the doctor or research nurse would be very pleased to talk to you.
Ask us if there is anything that is not clear, or if you would like more information. Take time to decide whether or not you wish to take part.

2.
What is the purpose of the study?

The study aims to look at the amount of TOBI (antibiotic) that gets into the blood by your e-flow nebulisers. 

TOBI is an antibiotic used to treat pseudomonas infections and there are known side effects of hearing and kidney problems if the blood levels are too high. 

I want to check levels 1 hour after the end of your nebuliser to ensure they are normal. 

I also want to look at your hearing test results and a wee sample to check that they have not been affected.

3.
Why me? 

I have chosen all children from Leeds Cystic Fibrosis Unit on TOBI via the e-flow nebulisers who agree to take part.

4.
Do I have to take part?

Taking part in this study is entirely up to you. If you prefer not to take part you do not have to give a reason. Your doctor will not be upset, and your treatment will not be affected in any way. If you do take part but later change your mind, you can withdraw at any time without affecting your care.

If you do not want to go on the study at all then that is alright as well. If you want to talk it through with somebody in your family or a friend or a doctor or nurse then that is fine and we would like you to take the time to do that
It is up to you and your parents to decide whether or not to take part.   If you decide to take part you will be given this information sheet to keep and be asked to sign an assent form to confirm that you understand what is involved when taking part in this study. If you decide to take part you are free to leave the study at any time and without giving a reason. 
5. 
What will happen to me if I take part?

We will ask you and your parent’s permission in clinic. A sample of blood will be collected 1 hour after the end of the nebulised TOBI via e-flow when your port is routinely due to be flushed. Blood will be collected at the time of port flushing in clinic or at home by the CF nursing team. 

We will ask you to write down on a sheet provided when the nebuliser started and finished, so that the nursing team can take the blood test 1 hour after the end of the nebuliser and they will write this down too.

I will also ask permission to text you or your parents to remind them on the day of the flush to write down when the nebuliser starts and finishes.

We will ask for a wee sample in a white-topped bottle to be supplied on the day due to attend clinic.

I will also ask permission to review your medical notes especially looking at the length of time on TOBI by e-flow and your hearing tests. 

The length we will need your help will be from consent to 1 clinic after your routine flush. The participation we will need is just one routine flush timed to 1 hour after the TOBI by e-flow, then a wee sample to be brought to the next clinic and we will ask at this clinic if there have been any problems since the tobramycin level was taken.

All samples will be destroyed as soon as the tests have been carried out.
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6 
What do I have to do? 

After you and your parents have agreed to take part in the study we will arrange for the blood test to be taken at the next routine port flush. 

If you have your flushes normally at home, you have to remember to start the nebuliser about 30 minutes before the CF nurse is due to visit and to write down the time of start and end of nebulised TOBI (I will ask permission to text or phone you or your parents on this day to remind you) At 1 hour after the end of the nebuliser the CF nurse will flush your port as normal and remove a blood sample. 

If you are due a routine flush in clinic we will give you your nebuliser at the beginning of clinic and write down the time, then flush your port 1 hour later at the end of clinic and remove the blood sample.

You will also need to bring a sample of wee to clinic in a white-topped bottle and tell us about any problems since the last tobramycin level was taken.

There will be no change in your normal care or treatment during the study.

7. 
What is the medicine that is being tested?

I want to look at TOBI (one nebuliser dose) as you take it for your normal care. I am looking at the tobramycin blood levels 1 hour after nebulisation via e-flow.
8.
What other medicines are there?

This is your routine care and the TOBI is being used as recommended. There are no other medicines being used in this study.

9.
What are the side effects of the medicines?

If you do decide to take part in the study, you must report any problems your have to your study nurse or doctor. There is also a phone number given at the end of this information sheet for you to phone if you become worried at any time. 

10.
What can go wrong?

As this is looking at your normal care already being given there are no added risks of taking part. The disadvantage of taking part will be that we have to time 1 port flush to 1 hour after a nebuliser that may be a hassle.   

11.
What are the benefits? 

We cannot promise the study will help you but the information we get might help improve the treatment of people with Cystic Fibrosis. We hope to find out about blood levels after nebulised tobramycin to help us with your doses and to help with timings of blood tobramycin levels when on intravenous tobramycin as well as nebulised TOBI.
12.
What happens when the research study stops?
As we are looking at your routine care when the study stops you continue with this care. If you wish to know the results of the study, I will to write to you with a summary of the study results.

13.
What if there is a problem?

If you are worried about any part of this study, you should ask to speak with the researchers who will do their best to answer your question.  If you remain unhappy your parents have some information about how to make a complaint.
14.
Will my taking part in this study be private?

Yes.  All the information about your participation in this study will be kept private.  

15.
Contact Details

Your Doctors

Name Dr Brownlee, Dr Lee and Dr Clubley


Tel. Number: 01132065200
Your Research/Specialist Nurse

Name:
Andrea Dodds


Tel. Number: 01132065200
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16. 
What if new information is found?
Sometimes during the course of a study, new information becomes available on the drugs that are being studied. If this happens, we will tell you about it and discuss with you whether you want to or should continue in the study. 
17.
What will happen if I don’t want to carry on with the study?

You are free to withdraw from the study at any time and do not need to give us a reason

18.
Will my part in this study be kept private?

If you agree to take part in this study, the records obtained while you are in this study as well as related health records will remain strictly private at all times. Your parents will be given further information details about how we keep your records private.
19. 
Informing your Family Doctor

We will notify your Family Doctor that you are taking part and send him the information sheet.

20. 
What will happen to my blood and wee samples?

The blood samples given will be tested for levels at St James’s hospital then destroyed. The wee samples given will be frozen until we have all the samples and then they will be tested and destroyed.

21.
Will any Genetic testing be done?

No
22.
What will happen to the results of this study?
The results will be looked at after the study finishes and may be written in a medical magazine or spoken about at a conference. The results will not show any information that can be traced back to you. The results may also help us with our TOBI doses and use with intravenous tobramycin.

Should you wish to see the results, or the publication, please ask your study doctor. 

23.
Who is organising this study?

Dr Clubley, Dr Brownlee and Dr Lee are organizing this trial through the Leeds Regional Paediatric Cystic Fibrosis Unit. The Leeds Teaching Hospitals NHS Trust are sponsoring this trial.

24.
Who has reviewed the study?

This study reviewed by NHS by Leeds East Research Ethics Committee.

25.
Contact us
We would like you to ask any questions you wish, before, during or after your part in the study. If you have any questions about the study, please speak to your study nurse or doctor, who will give you more information. If you wish to read the research on which this study is based, please ask your study nurse or doctor.

If you have any questions about this study and what would be happening, please ask the doctor or nurse and we will help you as much as we can, or you could talk to
Dr Emma Clubley, Dr K Brownlee or Dr T Lee, Telephone 01132746562 

[image: image6.wmf]
Leeds Regional Paediatric Cystic Fibrosis Unit                   

St James’s University Hospital

Beckett Street

Leeds

LS9 7TF

If you decide you would like to take part then please read and sign the assent form and we will ask your parents to read and sign the consent form. You will be given a copy of this information sheet and the consent form to keep. 

You can have more time to think this over if you are at all unsure.

Thank you for reading this sheet and thinking about our study.
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PARENT INFORMATION SHEET

Does nebulised tobramycin (TOBI) via e-flow delivery systems cause a raised peak serum tobramycin level in children with Cystic Fibrosis?
PART  1
1.
Invitation

Your child is being invited to take part in a research study. Before you and your child decide whether or not to take part, it is important for you to understand why the research is being done and what it will involve. Please take time to read the following information carefully, and discuss it with others if you wish. 

PART 1 tells you the purpose of this study and what will happen to you if you take part.

PART 2 gives you more detailed information about the conduct of the study.

Ask us if there is anything that is not clear, or if you would like more information. Take time to decide whether or not you wish to take part.

2.
What is the purpose of the study?

The study aims to look at the amount of inhaled tobramycin (TOBI) that gets into the bloodstream by the new e-flow nebulisers. Nebulised tobramycin is an effective antibiotic used to treat pseudomonas infections and there are known side effects of hearing and kidney problems if the blood levels are too high. I want to check levels 1 hour after the end of your child’s nebuliser to ensure they are safe. I also want to look at their routine hearing test results in their notes and a urine enzyme to check that they have not been affected.

3.
Why have I been chosen? 

I have chosen all children from Leeds Cystic Fibrosis on TOBI via the e-flow nebulisers who agree to take part.

4.
Do I have to take part?

No. It is up to you and your child to decide whether or not to take part.   If you decide to take part you will be given this information sheet to keep and be asked to sign a consent form to confirm that you understand what is involved when taking part in this study. We will also ask your child’s permission. If you decide to take part you and your child are free to leave the study at any time and without giving a reason. If you or your child wish to withdraw, unless you object, we will still keep records relating to the treatment given to you, as this is valuable to the study. A decision to withdraw at any time, or a decision not to take part, will not affect the quality of care your child receives.
5. 
What will happen to me if I take part?

We will ask you and your child’s permission in clinic. A sample of blood will be collected 1 hour after the end of the nebulised TOBI via e-flow when the port is routinely due to be flushed. Blood will be collected at the time of port flushing in clinic or at home by the CF nursing team. 

We will ask you to write down on a sheet provided when the nebuliser started and finished, so that the nursing team can take the blood test 1 hour after the end of the nebuliser and they will write this down too. I will also ask permission to text you or your child to remind them on the day of the flush to write down when the nebuliser starts and finishes.

We will ask for a urine sample in a white-topped bottle to be supplied on the day due to attend clinic.

I will also ask permission to review the medical notes especially looking at the length of time on TOBI by e-flow and routine hearing tests. 

The duration of your child’s participation will be from consent to 1 clinic after your child’s routine flush. The participation we will need is just one routine flush timed to 1 hour after the TOBI by e-flow, then a urine to be brought to the next clinic and we will ask at this clinic if there have been any problems since the tobramycin level was taken.

All samples will be destroyed as soon as the appropriate tests have been performed.

6 
What do I have to do? 

After you and your child have agreed to take part in the study we will arrange for the blood test to be taken at the next routine port flush. 

If your child has flushes at home, you have to remember to give start the nebuliser about 30 minutes before the CF nurse is due to visit and to write down the time of start and end of nebulised TOBI (I will ask permission to text or phone you or your child on this day to remind you). At 1 hour after the end of the nebuliser the CF nurse will flush your port as normal and remove a blood sample. 

If your child is due a routine flush in clinic we will give your child their nebuliser at the beginning of clinic and write down the time, then flush your child’s port 1 hour later at the end of clinic and remove the blood sample.

You will also need to bring a sample of your child’s urine to clinic in a white-topped bottle and to inform us if there have been any problems since the last tobramycin level was taken.

There will be no change in your child’s routine care or treatment during the study.

7. 
What is the drug that is being tested?

I want to look at TOBI (one ampoule of 5mL contains tobramycin 300mg as a single dose for nebulisation) as it is being used in the same dose used for your routine care. I am primarily looking at the tobramycin blood levels 1 hour after nebulisation via e-flow.
8.
What are the alternatives for diagnosis or treatment?

This is your child’s routine care and the TOBI is being used at the licensed dose by a licensed e-flow delivery system. There are no alternatives for treatment in this study.

9.
What are the side effects of any treatment received when taking part?
If you and your child do decide to take part in the study, you must report any problems your child has to your study nurse or doctor. There is also a contact number given at the end of this information sheet for you to phone if you become worried at any time. In the unlikely event of an emergency occurring during the conduct of the study, we may contact your nominated next of kin.

10.
What are other possible disadvantages and risks of taking part?

As this is looking at routine care already being given there are no additional treatment risks of taking part. The disadvantage of taking part will be that we have to time 1 port flush to 1 hour after a nebuliser that may be of inconvenience.  

11.
What are the possible benefits of taking part? 

We cannot promise the study will help your child but the information we get might help improve the treatment of people with Cystic Fibrosis. We hope to find out about blood levels after nebulised tobramycin to help us with your child’s doses and to help with timings of blood tobramycin levels when on intravenous tobramycin as well as nebulised TOBI.
12.
What happens when the research study stops?
As we are looking at your child’s routine care when the study stops you continue with this care. If you wish to know the results of the study, I will to write to you with a summary of the study results.

13.
What if there is a problem?

If you have a concern about any aspect of this study, you should ask to speak with the researchers who will do their best to answer your question.  If you remain unhappy and wish to complain formally, you can do this through the NHS Complaints Procedure.  Details can be obtained from the hospital.
In the event that something does go wrong and your child harmed during the research study there are no special compensation arrangements.  If you are harmed and this is due to someone’s negligence then you may have grounds for a legal action for compensation but you may have to pay your legal costs.  The normal National Health Service complaints mechanisms will still be available to you.

14.
Will my taking part in this study be kept confidential?

Yes.  All the information about your participation in this study will be kept confidential.  The details are included in Part 2.

15.
Contact Details

Your Doctor

Name: Dr Brownlee and Dr Clubley


Tel. Number: 01132065200
Your Research/Specialist Nurse

Name: Andrea Dodds



Tel. Number: 01132065200
This completes Part 1 of the Information Sheet.

If the information in Part 1 has interested you and you are considering 

participation, please continue to read the additional information in Part 2 
before making any decision

PART  2
16. 
What if new information becomes available?

Sometimes during the course of a clinical trial, new information becomes available on the drugs that are being studied. If this happens, we will tell you about it and discuss with you whether you and your child want to or should continue in the study. If you decide to withdraw, we will make arrangements for your child’s care to continue. If you decide to continue in the study you will be asked to sign an updated consent form.

On receiving new information, we might consider it to be in your best interests to withdraw your child from the study. If so, we will explain the reasons and arrange for your care to continue.

If the study is stopped for any other reason, you will be told why and your child’s continuing care will be arranged.

17.
What will happen if I don’t want to carry on with the study?

You and your child are free to withdraw from the study at any time and do not need to give us a reason. If you withdraw from the study we will destroy all identifiable samples, but we may need to use the data collected up to your withdrawal.

18.
Will my part in this study be kept confidential?
If you consent to take part in this study, the records obtained while your child is in this study as well as related health records will remain strictly confidential at all times. The information will be held securely on paper and electronically at your treating hospital under the provisions of the 1998 Data Protection Act. Your name will not be passed to anyone else outside the research team or the sponsor, who is not involved in the trial. You will be allocated a trial number, which will be used as a code to identify you on all trial forms.

Your child’s records will be available to people authorised to work on the trial but may also need to be made available to people authorised by the Research Sponsor, which is the organisation responsible for ensuring that the study is carried out correctly. A copy of your consent form may be sent to the Research Sponsor during the course of the study. By signing the consent form you agree to this access for the current study and any further research that may be conducted in relation to it, even if you withdraw from the current study. 

The information collected about your child may also be shown to authorised people from the UK Regulatory Authority and Independent Ethics Committee; this is to ensure that the study is carried out to the highest possible scientific standards.  All will have a duty of confidentiality to you and your child as a research participant.

If you withdraw consent from further study treatment, unless you object, your data and samples will remain on file and will be included in the final study analysis.

In line with Good Clinical Practice guidelines, at the end of the study, your child’s data will be securely archived for a minimum of 15 years. Arrangements for confidential destruction will then be made. With your permission, your child’s GP, and other doctors who may be treating your child, will be notified that you are taking part in this study.

19. 
Informing your General Practitioner (GP)

We will notify your child’s General Practitioner of their inclusion in this study and send them a summary of information about the study.

20. 
What will happen to any samples I give?

The blood samples given will be tested within 24 hours for tobramycin levels at the microbiology laboratory at SJUH and then destroyed. The urine samples given will be frozen until we have collected all the samples at the biochemistry laboratory. They will then be analysed for urine NAG (N-acetyl-beta-D-glucosaminidase) levels at the biochemistry laboratory at SJUH. The urine samples will also be destroyed after NAG analysis.

21.
Will any Genetic testing be done?

No

22.
What will happen to the results of this clinical trial?

The results of the study will be available after it finishes and will usually be published in a medical journal or be presented at a scientific conference. The data will be anonymous and none of the patients involved in the trial will be identified in any report or publication. The results may also be used to make clinical decisions about TOBI doses and timings of nebulised TOBI when also on intravenous tobramycin.

Should you wish to see the results, or the publication, please ask your study doctor. 

23.
Who is organising and funding this clinical trial?

Dr Clubley, Dr Brownlee and Dr Lee are organizing this trial through the Leeds Regional Paediatric Cystic Fibrosis Unit. The Leeds Teaching Hospitals NHS Trust are sponsoring this trial.

24.
Who has reviewed the study?

This study was given favourable ethical opinion for conduct in the NHS by Leeds East Research Ethics Committee.

25.
Contact for further information

You are encouraged to ask any questions you wish, before, during or after your child’s part in the study. If you have any questions about the study, please speak to your study nurse or doctor, who will be able to provide you with up to date information about the drug(s)/procedure(s) involved. If you wish to read the research on which this study is based, please ask your study nurse or doctor. If you require any further information or have any concerns while taking part in the study please contact one of the following people:

Dr Emma Clubley, Dr K Brownlee or Dr T Lee, Telephone 01132746562 

Leeds Regional Paediatric Cystic Fibrosis Unit

St James’s University Hospital

Beckett Street

Leeds

LS9 7TF

If you decide you would like to take part then please read and sign the consent form, we will give your child an appropriate information leaflet and ask the to agree with the study also. You will be given a copy of this information sheet and the consent form to keep. A copy of the consent form will be filed in your child’s notes, one will be filed with the study records and one will be sent to the Research Sponsor.

You can have more time to think this over if you are at all unsure.

Thank you for taking the time to read this information sheet and to consider this study.

PARENTAL CONSENT FORM 

Does nebulised tobramycin (TOBI) via e-flow delivery systems cause a raised peak serum tobramycin level in children with Cystic Fibrosis?

Patient ID: …..………………..

Initials: ………………………..
      Date of Birth: ………………...




Parent initial each point

1. I confirm that I have read and understand the information sheet dated ____________ (version 1) for the above study, have had the opportunity to ask questions. I understand that my child’s participation is voluntary and that I am free to withdraw my child at any time without my medical care or legal rights being affected.  I agree for my child to take part in the study.

2. I understand that my child’s medical records may be looked at by authorised individuals from the Sponsor for the study, the UK Regulatory Authority or the Independent Ethics Committee in order to check that the study is being carried out correctly. I give permission, provided that strict confidentiality is maintained, for these bodies to have access to my child’s medical records for the above study and any further research that may be conducted in relation to it. I also give permission for a copy of my consent form to be sent to the Sponsor for the study.

3. I understand that even if I withdraw my child from the above study, the data and samples collected from them will be used in analysing the results of the trial, unless I specifically withdraw consent for this. I understand that their identity will remain anonymous.

4.
I consent to the storage including electronic, of personal information for the purposes of this study. I understand that any information that could identify my child will be kept strictly confidential and that no personal information will be included in the study report or other publication.

5.
I agree that my child’s GP, or any other doctor treating me, will be notified of my participation in this study.

______________________               ________________________________________

Name of the patient



Name of Parent/Guardian  

____________________________               ___________________________________________

Relationship to patient


Parent/Guardian’s signature and the date signed the 

Consent form

_________________________________
__________________________________________________

Name of the Investigator 


Investigator’s signature and date the Investigator signed the 

taking written consent 


consent form

Original to be retained and filed in the site file. 1 copy to patient, 1 copy to be filed in patient’s notes, 1 copy for Sponsor

PATIENT’S (AGED 16-18) CONSENT FORM 

Does nebulised tobramycin (TOBI) via e-flow delivery systems cause a raised peak serum tobramycin level in children with Cystic Fibrosis?

Patient ID: …..………………..

Initials: ………………………..
      Date of Birth: ………………...
Patient initial each point

1. I confirm that I have read and understand the information sheet dated ____________ (version 1) for the above study, have had the opportunity to ask questions. I understand that my child’s participation is voluntary and that I am free to withdraw my child at any time without my medical care or legal rights being affected.  I agree for my child to take part in the study.

2. I understand that my child’s medical records may be looked at by authorised individuals from the Sponsor for the study, the UK Regulatory Authority or the Independent Ethics Committee in order to check that the study is being carried out correctly. I give permission, provided that strict confidentiality is maintained, for these bodies to have access to my child’s medical records for the above study and any further research that may be conducted in relation to it. I also give permission for a copy of my consent form to be sent to the Sponsor for the study.

3. I understand that even if I withdraw my child from the above study, the data and samples collected from them will be used in analysing the results of the trial, unless I specifically withdraw consent for this. I understand that their identity will remain anonymous.

4. I consent to the storage including electronic, of personal information for the purposes of this study. I understand that any information that could identify my child will be kept strictly confidential and that no personal information will be included in the study report or other publication.

5. I agree that my child’s GP, or any other doctor treating me, will be notified of my participation in this study.

______________________           
   ______________________________________________________

Name of the patient



Signature of patient  

_________________________________
__________________________________________________

Name of the Investigator 


Investigator’s signature and date the Investigator signed the 

taking written consent 


consent form

Original to be retained and filed in the site file. 1 copy to patient, 1 copy to be filed in patient’s notes, 1 copy for Sponsor

Does nebulised tobramycin (TOBI) via e-flow delivery systems cause a raised peak serum tobramycin level in children with Cystic Fibrosis?

Assent Form For Children in the Study – to be completed by the child and their parent/guardian.

Children (or if unable, parent on their behalf)/ Young person to circle all they agree with:

Have you read (or had read to you) about this project?
Yes/No

Has somebody else explained this project to you?

Yes/No

Do you understand what this project is about?


Yes/No

Have you asked all the questions you want?


Yes/No

Have you had your questions answered in a way you understand? 









Yes/No

Do you understand it’s OK to stop taking part at any time?
Yes/No

Are you happy to take part?

If any answers are no or you don’t want to take part, don’t sign your name.

If you do want to take part you can write your name below

Your Name_________________________

Date______________________________

The doctor who explained this project to you needs to sign too:

Print Name_________________________

Sign_______________________________

Date_______________________________

Thank you for all your help

Worksheet For TOBI Study

Does nebulised tobramycin (TOBI) via e-flow delivery systems cause a raised peak serum tobramycin level in children with Cystic Fibrosis?

Patient name:




DOB:

Date:

Place of blood Sampling: 


Home/ Clinic

Name of person taking blood sample:

Batch number of nebule
:




Expiry Date
:

Time Nebuliser:
Started:


Finished:

Time Blood sample obtained:

Time between end of nebuliser and blood sampling:

Name:




Signature:

Case Report Form for Data Collection
Does nebulised tobramycin (TOBI) via e-flow delivery systems cause a raised peak serum tobramycin level in children with Cystic Fibrosis?

Patient Number:

Copy of signed consent :Yes/No

Age:

Length of time on TOBI:

Length of time on e-flow:

IV TOBI within last week: Yes/No

IV TOBI level:

Within Normal Range<1:Yes/No

Time taken after nebuliser(from worksheet):

Urine NAG Level:

Within normal range: Yes/No

Audiology report:
Date performed:

Normal/Abnormal:

Change from previous: Yes/No

Any SAR/SUSAR reported: Yes/No

Details:

Name: 




Signature:

I confirm to the best of my abilities that the data above is accurate.

Please attach worksheet

Consent form for use of data post research governance audit found that

subjects TOBICF5 and TOBICF13 were consented for this study prior to full ethical approval being granted for this age range.

Dear 

Re: Does nebulised tobramycin (TOBI) via e-flow delivery systems cause a raised peak serum tobramycin level in children with cystic fibrosis?
Thank you for agreeing to us testing a tobramycin blood level, performing a hearing test, and testing a urine sample on your child whilst they were taking nebulised tobramycin.

The nebulised tobramycin via the e-flow device was part of their routine clinical care, but as you know the blood test, hearing test, and urine sample were performed as extra tests for research purposes, to determine if nebulised tobramycin is safe via the e-flow.

The study received full ethical approval for 6 year olds and older on 11th January 2008, and we then applied for an amendment to the ethical approval to also conduct this study on children aged 2-6 years.

We need to inform you that due to an error by us, we approached you to discuss the study and obtain your consent before the amendment giving full ethical approval for the age range 2-6 years was granted. This full ethical approval was later given. However it was wrong of us approach you before the approval had been granted.

We apologise unreservedly to you for this error.

The error has been reported to the Regional Ethics Committee and the Medicines and Healthcare Products Regulatory Agency (MHRA), which is the statutory regulatory body, and the error has been thoroughly investigated in order to prevent it happening again.

The error means that it would be wrong of us to use the results taken from your child in the final report of the study, unless following this apology you are happy for us to include your child’s results (blood tobramycin level, hearing test result, and urine test).

Please sign the attached form to demonstrate that you have been made aware of this error, and indicate what you would like us to do with your child’s results.

With our sincere apologies for any distress caused,

Yours sincerely

Dr Tim Lee

Dr Keith Brownlee

Dr Emma Guy

Re: Does nebulised tobramycin (TOBI) via e-flow delivery systems cause a raised peak serum tobramycin level in children with cystic fibrosis?
Child’s name:

Child’s DOB:

I have read the apology and description of the error regarding timing of consent for my child during the above study (letter dated xxxxxx)
YES/NO

I am aware that my child was consented into this study before full ethical approval for the age range 2-6 years was granted


YES/NO

Despite this error by the investigators I will allow my child’s results to be included in the final study report





YES/NO

Signed………………………………………

Name……………………………………….

Relationship to Patient……………………

Date…………………………………………

Witness……………………………………

Name………………………………………

Date………………………………………..
What is already known on this subject?


Nebulised tobramycin (TOBI) is used in patients with cystic fibrosis infected with Pseudomonas aeruginosa for both eradication and chronic treatment.





Existing safety data including pharmacokinetics, audiology and assessment of renal toxicity are all based on delivery of TOBI® by the Pari LC Plus® conventional nebuliser system.





Many CF centres are now using newer more efficient nebuliser systems such as the eflow®.








What this study adds





Nebulised TOBI via the eFlow® delivery system can be associated with elevated peak serum tobramycin levels especially in young children.





There may be associated renal and inner ear damage, suggesting the need for caution and further research.











