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Significance of this Study:

This study focuses on the relevance of decreasing the incidence of delirium among ICU patients. It is well documented that 30% of patients who have been more than three days admitted to ICU become delirious and agitated, mainly due to a lack of sleep which is related to a reduction in the production of endogenous Melatonin. This neurological condition leads to a prolongation in days of mechanical ventilation and ICU stay, with significant associated morbidity and costs.

Previous studies using melatonin have failed to demonstrate a significant benefit; however these studies have been methodologically criticised for having poor environmental control and for not using polysomnographic studies in their sleep assessment (which it is the gold standard). Our study has introduced rigorous environmental control (light and noise limitation); it also uses polysomnographic devices and sleep studies analyzed by experts in this field. We believe that the methodology of this study has not been previously reproduced.

If this study has a positive result, the clinical impact and consequences may be such, that a multicenter randomized controlled trial could be required.

Study protocol:

Aims: 

· To assess if daily administration of Melatonin improves the quality of sleep, defined by: an increase in Rapid Eye Movement (REM) phase; overall sleep latency and efficiency and quantity of arousals, using polysomnographic recordings.

· To assess if daily administration of Melatonin increases length of sleep in critically ill patients, defined by uninterrupted sleep periods over total sleeping time (TST).

· To estimate the impact of exogenous Melatonin administration in the reduction of sedatives, analgesics and antipsychotic drug use in treating ICU psychosis, during ICU stay.

· To assess if the change in sleep pattern and the reduction in sedatives are correlated with a reduction in ICU length of stay.

· To correlate serum Melatonin concentrations with clinical effect by defining the pharmacokinetic (PK) and pharmacodynamic (PD) profile of Melatonin at the administered dose.

Hypothesis

1) Melatonin significantly increases the length of sleep in critically ill patients that are exposed to less than 40dB of noise and 10 Lux of light.

2) The improvement in the sleeping pattern decreases the incidence of Intensive Care delirium.

3) The reduction in Intensive Care Delirium significantly reduces the requirements of sedatives.

4) The significant reduction in sedatives improves weaning of mechanical ventilation and reduces Intensive Care length of stay.
Inclusion Criteria:

· Patients >18 and <80 years of age.

· Glasgow Coma Score M5-6 + E4 + V1-5

· Expected length of stay > 4 days

· Patients in their ventilatory weaning or in a phase of weaning of their sedation scheme (when sedation is maintained at stable levels).

· Patients experiencing delirium or at risk of delirium
· Patients tolerating enteral feeds through a nasogastric (NG) or nasojejunal (NJ) feeding tube.

Exclusion Criteria:

· Patients on beta-blockers, vasopressor with non-steady state doses (steady states are acceptable); corticosteroids, non-steroidal anti-inflammatory drugs, naloxone, or pre-intensive care prescription of regular sedative or antipsychotic medication.

· Intermittent renal replacement therapy (IHD), peritoneal dialysis (PD) and patients with chronic renal failure (with or without renal replacement therapy). Patients on continuous renal therapy (CRRT) are accepted, PK and PD analysis will be performed.

· Cirrhosis or advanced liver disease.

· Burns prior to the completeness of all debridements and grafts.

· Acute sepsis defined as by conference consensus 2001 (please see attachment) at the moment of recruitment.

· Fever of non septic origin > 38.5, before recruitment.

· Spinal injury above T6 level.

· Neurocritical patients (during the acute phase of Traumatic Brain Injury defined by an active ICP monitoring) and Subarachnoid Hemorrhage (during the period of cerebral vasospasm).

After screening and recruitment, stratification will classify patients within two groups: surgical and medical cohorts (according to their ICU admission); after stratification, randomisation will distribute patients in two other groups.

Group 1: patients receiving melatonin and exposed to controlled light and noise conditions.
Group 2: patients receiving placebo (liquid paraffin in 20mls of water to resemble the milky melatonin mixture) and exposed to a controlled light and noise exposure.

After randomisation on day 1, patients will have one baseline polysomnogram (PSG) and a further PSG on day 4 after three days of melatonin or placebo.  All studies will be analyzed by a sleep physician blinded to the clinical condition of the patient and the randomization group. The PSG will consist of an Electroencephalogram (EEG) to assess cerebral electrical activity; Electro-myogram (EMG) to assess muscle tone and an Electro-oculogram (EOG) to determine the presence of rapid eye movement (REM) sleep between 21.00 and 07.30 hours.  PSGs will be assessed for the length of stage 1 to stage 3 non-REM sleep as well as the REM phase in proportion to the “total sleeping time” (TST), sleep latency and arousals.

Environmental light conditions will be controlled with all patients required to wear welding glasses (Bolle safety shade 5), to ensure an exposure of 10 lux maximum as well as to filter 460-470 nm wavelengths.  Light intensity will be measured in Lux at the horizontal plane of the eye using commercial light-meters. Light measurements will be performed at the end of the study night (0700) for the duration of the study (5 nights). 

Environmental noise conditions will be controlled in all patients by use of industrial ear plugs with the maximal available noise reduction that ensures a 32 dB reduction of the background noise (uvex X-fit, Uvex Arbeitsschutz, Germany). Noise levels will be measured using a commercial sono-meter in a scale of decibels. Noise measurements will be performed at the end of the study night (0700) for the duration of the study (5 nights). 
Melatonin Dosing Schedule

Study drug will be administered through nasogastric feeding tubes, with a total dose of 6mg per patient every night, distributed as follows: 3mg dose at 21:00hrs and then 0.5mg every hour up to a total dose of 6mgs. The rationale for this dosing regime is to reproduce the endogenous Melatonin secretion and therefore to maximize the pharmacological effects.

Study drug will be administer in patients after recruitment and maintained for a maximum of 4 days.

The participation in this study will be completed once the patients are discharged to the wards. There is no described withdrawal or accumulative effect of Melatonin, therefore the discontinuation of the drug will not add any detrimental effect in the patients. 

Outcome Variables and Data Collection:

1. Sleep pattern: Stage 1 to 3 of non-REM sleep and REM sleep duration, arousals and sleep latency measured by PSG. This variable will be analyzed blindly by co-investigators Dr Morrison and Dr Zappala.
2. Sedative Use: dose of sedatives, analgesics, antipsychotic and antidepressant. All patients will receive doses of these medications according to the treating physician and independently from the study protocol. 

3. Delirium and agitation assessed using the validated CAM-ICU and RASS scales respectively (please see attached scales with its significant values) 22. This variable will be routinely measured by the bedside nurse in a blinded fashion.
4. Sedation will be measured using the validated Ramsay Sedation Scale (please see attached scale).

5. Core temperature, blood pressure, heart rate, oxygen saturation and carbon dioxide levels will be regularly measured by the bedside nurse as part of the common hourly observations among critically ill patients. 

6. PK/PD analysis based on the results of plasmatic Melatonin levels performed at the specific intervals (0, 30, 45, 60, 120, 240, 420, 540 minutes) after the first dose of study drug. This will be collected in 10 patients who provide additional consents. Blood samples (approximately 40ml or just over 1 tablespoon) will be frozen and stored for further analysis after completion of the data collection. The aim of this pharmaceutical component is to define the distribution and the effect of this drug in regards of its levels in blood.
7. Demographic data: APACHE score, age and gender and length of ICU stay.

Feasibility:

According to our registry database, over the past year the Intensive Care Unit at the Royal Brisbane and Women’s Hospital centre admitted 2,316 patients, of whom 814 patients were intubated and ventilated for more than three days. This indicates that the sample needed for this study (160 patients) could be recruited over a period of two years, considering that not all intubated patients may have inclusion criteria.
Sample Size and Analysis Plan:

For this Phase II study, a significant reduction in relative risk is planned to determine a significant clinical signal.  Using a reduction in delirium from 30% to 5% with a significance level of 5% and a power of 80%, 86 patients in total will be enrolled (Fishers exact test from difference between proportions). Data will be analyzed on an intention to treat basis.

The study has been designed with the guidelines of the CONSORT statement (Moher D, Schulz K and Altman D The CONSORT statement: revised recommendations for improving the quality of parallel–group randomized controlled trials. Annals Internal Med 2001, 134: 657-662) to adhere to requirements for randomized controlled trials.
Ethical and Safety Considerations:

This study will be submitted to the Ethics Committee at the Royal Brisbane Women Hospital on the 25th August 2009. All recruited patients will provide informed consent either directly or using their surrogate decision maker.  The protocol will also be submitted for approval with the Guardianship and Administration Tribunal.
The reported side effects of melatonin include headaches, nausea, depression, vivid dreams, irritability, abdominal cramps and dizziness but no reported incidence of organ failure or permanent injury. These are very rare and are less than 0.01% of patients.  Patients will have daily full blood counts and plasma biochemistry routinely monitored as part of their intensive care treatment and if in the opinion of the treating clinician side effects seem to relate to the study drug, the patient will be withdrawn from the study and appropriate treatment commenced. All patients will be screened with a SAE form (please see appendices)

.  

This study has been registered with the Therapeutic Goods Association of Australia.

A safety monitoring committee independent of the study investigators will be appointed to review all adverse events. There are no perceived increased or additional risks for patients admitted to the intensive care unit as a result of this study protocol.  Patients will receive the attention and care normally afforded to patients admitted to the intensive care unit.  The study protocol will be carried out according to the World Medical Association Declaration of Helsinki. 
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