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1. [bookmark: _Toc64881094]PROTOCOL SYNOPSIS


	Title
	DELirium in Trauma pAtients in Intensive Care Unit: a prospective observational cohort study 


	Short Title
	DELTA-ICU study


	Objectives
	To determine rates, incidence, and prevalence of delirium in a population of severely injured trauma patients admitted to ICU, along with factors that are associated with increased rates of delirium.


	Design
	Prospective, observational cohort study.


	Outcomes
	
Primary
1. Rate of delirium: positive CAM-ICU test/total number of possible assessments while in ICU 


Secondary
1. Description of: 
a. Patient factors
i. demographic characteristics 
ii. Age, gender, APACHE III, source of admission
b. Injury factors
i. Mechanism of injury
ii. ISS and AIS
iii. Organ systems involved 
iv. Incidence of complications: infection, DVTs, bleeding, pressure ulcers, etc.
c. Treatment factors
i. Modifiable
1. Use of analgesia 
2. Use of sedation
3. Presence or absence of invasive devices
4. Early mobilization
5. Exposure to natural sunlight
6. Use of antipsychotics
7. Use of alpha-2 receptor agonists
8. Presence or absence of physical restraints
ii. Non-modifiable
1. Number of surgeries
2. Type of surgeries
3. Need for organ support
4. Need for blood transfusion
d. Delirium factors
i. Type of delirium
ii. Severity of delirium
iii. Duration of delirium
e. Sleep characteristics:
i. Duration of sleep: > or < than 4 hours per night
ii. Self-reported Quality of sleep during ICU admission and after ICU discharge
iii. Subgroup of patients will undergo polysomnography
1. Percentage of all sleep stages: 
a. Slow wave sleep
b. Stage 1
c. Stage 2
d. REM
2. Mortality at 90 days 
3. ICU LOS
4. Hospital LOS


	Intervention
	None


	Sample Size
	At least 250 patients to be recruited over 2 years. Patients undergoing PSG will be selected based on order of presentation with every seventh patient being selected for PSG, to a maximum of 30 patients. 


	Population
	Severely injured trauma patients admitted to JHH ICU.


	Eligibility
Criteria
	Inclusion Criteria
· 1. Adults (>18 years), 
· 2. Trauma patients
· 3. Admitted to the JHH ICU, 
· 4. Who can be assessed for delirium twice daily by using the CAM-ICU tool. 

Exclusion Criteria
· 1. Patients under the age of 18 years of age, 
· 2. Comatose (GCS less than 8), 
· 3. Patients with confirmed neurological damage from Traumatic Brain Injury (TBI)
· 4. Non-English speaking (would not be able to be assessed with the use of CAM-ICU), 
· 5. Pre-existing cognitive impairment, like dementia, etc.




	Statistical analysis
	1. Primary outcome will use descriptive statistics
2. Comparison between groups will be done using Student’s t-test for parametric and Mann-Whitney U test for non-parametric data when data is continuous versus categorical. Chi- square or Fisher’s exact test will be used when comparing groups with categorical versus categorical data. 
3. Logistic regression to identify the relationship between trauma severity scores and sleep quality with delirium.














2. [bookmark: _Toc64881095]GLOSSARY OF ABBREVIATIONS & TERMS

	AIS
	Abbreviated Injury Scale

	APACHE III
	Acute Physiology and Chronic Health Evaluation III

	CAM-ICU
	Confusion Assessment Method for ICU

	CAM-S
	Confusion Assessment Method for Severity

	GCS
	Glasgow Coma Scale

	ICU
	Intensive Care Unit

	ISS
	Injury Severity Score

	LOS
	Length of Stay

	PSG
	Polysomnography

	REM
	Rapid Eye Movement

	TBI
	Traumatic Brain Injury





3. [bookmark: _Toc64881096]	ADMINISTRATIVE INFORMATION
3.1. [bookmark: _Toc64881097]Chief Investigator
Name:	Dr. F. Eduardo Martinez, MD, FCICM	
Titles:	Intensive Care Staff Specialist	
Address: ICU, John Hunter Hospital, Lookout Rd., New Lambton Heights, NSW, 2305	
Tel: 02 49214241		
Email: ed.martinez@health.nsw.gov.au		

3.2. [bookmark: _Toc64881098]Coordinating Centre
ICU, John Hunter Hospital
Lookout Rd., New Lambton Heights, NSW, 2305	

3.3. [bookmark: _Toc64881099]Management Committee
Dr. Ed Martinez, ICU Staff Specialist, Intensive Care Unit, JHH
Dr. Gemma Peach, Senior Scientist, Department of Respiratory and Sleep Medicine, JHH
Ms. Amber Poulter, Research Coordinator, Intensive Care Unit, JHH
Mr. Mitchell Smith, CNC, Department of Trauma, JHH
Prof. Zsolt Balogh, Director of Trauma Service, JHH

3.4. [bookmark: _Toc64881100]Funding
To Be Announced (TBA)

3.5. [bookmark: _Toc64881101]Trial Registration
TBA












4. [bookmark: _Toc64881102]BACKGROUND INFORMATION

4.1. [bookmark: _Toc64881103]Delirium in Intensive Care
Delirium is a state of acute organic brain dysfunction with fluctuating disturbances of attention and cognition, which occurs as a direct consequence of an underlying medical condition1.  It is particularly common in patients in Intensive Care Units (ICU), with a wide prevalence reported in the literature of between 11 and 83% 2,3,45.

Delirium is a common and serious medical complication that affects hospitalized patients, including high-risk critically ill patients.52 In the general wards it can be between 11% to 25%.6 Peri-operatively it can have an incidence between 4% and 61%.7 

There are multiple scoring systems that help determine the severity of polytrauma patients that present to hospital. 89 Polytrauma can be defined based on the tissue injury and the physiological compromise, the level of inflammatory response, and/or the level of organ dysfunction arising from trauma.10 The Abbreviated Injury Scale (AIS) or the  Injury Severity Score (ISS) are commonly used and validated scoring system, where an AIS score of more than 2 or an ISS score of more than 12 classifies as major trauma.11 An ISS score of 14-24 is associated with a 4% chance of death and a score of more than 24 is associated with a 28% chance of death.12 

Severe polytrauma is common in Australia.13In Australia, patients admitted to ICU after trauma have a mortality rate between 7% and 9%.14 In general, ICU patients have the highest risk of death compared to other hospitalized patients receiving active treatment. Mortality rates around the world range between 16% to as high as 25% for patients with sepsis.1516

Delirium in intensive care is associated with worse outcomes.17  These include higher mortality (estimated as a 10% increase in the relative risk of death for each day of delirium)18, more time on a ventilator, unplanned removal of tubes and catheters, increased use of physical restraints, increased requirement for tracheostomy, greater post-operative complications, poorer functional status, cognitive impairment, increased hospital and ICU LOS, increased medical costs, higher risk of dementia, and greater likelihood of admission to residential care 19, 20, 21, 22, 23,24, 25, 5, 26, 2728. In trauma patients delirium has a prevalence of almost 20% across all hospital wards, while in ICU it can be as high as 36%.2930  Preliminary, unpublished data shows that at John Hunter Hospital up to 50% of all ICU patients experience delirium during their ICU stay. This makes delirium in ICU trauma patients an important issue to learn more about.



There are many factors associated with the occurrence of delirium.63132 Poor sleep has been identified as a contributing factor to the development of delirium in hospital.3334 Poor sleep is particularly common in ICU.3536 The ICU environment and the medications that patients receive while in ICU, including sedatives and analgesics, are some important contributors to the disruption of sleep.373839 

Sleep Is important for recovery of both the brain and the body.40 Different stages of sleep play roles in different recovery processes that are important after severe polytrauma.41 

NREM sleep, and particularly SWS is believed to be involved in many functions including enhancing immune function (IL and TNF), repair (growth hormone), energy conservation, and synaptic homeostasis (brain plasticity).42 So, while REM is perhaps more of the emotional regulator, NREM is important for some of the general ‘wear and tear’ functions of sleep.4344

Studies that describe the incidence and prevalence of delirium in trauma patients admitted to ICU currently exist, but there are still gaps in the knowledge around this.45 46 31 How often delirium presents itself in ICU trauma patients in relation to their severity of injury, medications used, interventions received, their ICU length of stay, and the quality of their sleep while in ICU are some of the factors that are yet to be explored.
The aim of this study is to create a large, comprehensive study that accurately describes the rates of delirium in trauma patients admitted to ICU and identifies how frequently do risk factors for delirium occur in severely injured patients.

5. [bookmark: _Toc64881104]STUDY OBJECTIVES
To determine rate, incidence, and prevalence of delirium in a population of severely injured trauma patients admitted to ICU, along with factors that are associated with increased rates of delirium. The secondary objective is to describe the strength of association of risk factors with the occurrence of delirium in this population.

6. [bookmark: _Toc64881105]STUDY DESIGN
This will be a prospective, single-centre, observational cohort study.

7. [bookmark: _Toc64881106]STUDY OUTCOMES

Primary
2. Rate of delirium: positive CAM-ICU test/total number of possible assessments while in ICU 

Secondary
5. Description of: 
a. Patient factors
i. demographic characteristics 
ii. Age, gender, APACHE III, source of admission
b. Injury factors
i. Mechanism of injury
ii. ISS and AIS
iii. Organ systems involved 
iv. Incidence of complications: infection, DVTs, bleeding, pressure ulcers, etc.
c. Treatment factors
i. Modifiable
1. Use of analgesia 
2. Use of sedation
3. Presence or absence of invasive devices
4. Early mobilization
5. Exposure to natural sunlight
6. Use of antipsychotics
7. Use of alpha-2 receptor agonists
8. Presence or absence of physical restraints
ii. Non-modifiable
1. Number of surgeries
2. Type of surgeries
3. Need for organ support
4. Need for blood transfusion
d. Delirium factors
i. Type of delirium
ii. Severity of delirium
iii. Duration of delirium
e. Sleep characteristics:
i. Duration of sleep: more than or less than 4 hours per night
ii. Self-reported Quality of sleep during ICU admission and after ICU discharge
iii. Subgroup of patients will undergo polysomnography
1. Total sleep time (TST)
2. Sleep efficiency
3. Percentage of REM and Non-REM sleep
4. Arousal index
6. Mortality at 90 days 
7. ICU LOS
8. Hospital LOS
8. [bookmark: _Toc64881107]STUDY POPULATION
Severely injured trauma patients admitted to the ICU at JHH. 
Inclusion criteria:
· 1. Adults (>18 years), 
· 2. Admitted to the JHH ICU, 
· 3. Who can be assessed for delirium twice daily by using the CAM-ICU tool. 

Exclusion Criteria
· 1. Patients under the age of 18 years of age, 
· 2. Comatose (GCS less than 8), 
· 3. Patients with confirmed neurological damage from Traumatic Brain Injury (TBI)
· 4. Non-English speaking (would not be able to be assessed with the use of CAM-ICU), 
· 5. Pre-existing cognitive impairment, like dementia, etc.
8.1.  Polysomnography (PSG)

Patients undergoing PSG will be allocated to the additional observations based on sequential presentation to ICU. Every fifth patient of those who have been screened with the above criteria will be allocated to have the additional components of the PSG measured and recorded. Allocation to PSG will be continued until 25 patients out of the total 250-300 have been included into the subset.
9. [bookmark: _Toc64881108]CONSENT & ETHICAL CONSIDERATIONS
Application for ethical review and approval will be made to the Hunter New England Human Research Ethics Committee. This will be submitted as a “Low or Negligible Risk” study given that there is no intervention that will be performed. 
[bookmark: _GoBack]A subgroup of patients will undergo polysomnography (PSG). This is a non-invasive test that involves most of the vital sign measurements that are routinely performed in ICU, as well as electroencephalography (EEG) measurements, which is also often measured on ICU patients without requiring consent to do so. EEG involves superficial adhesives being placed on the forehead and scalp, which are not dissimilar to electrocardiography (ECG) monitoring. Given the non-invasive nature of the test and because the components of polysomnography are usually performed in ICU as part of standard monitoring, we think that it does not require specific consent from patients or their person responsible. It is part of the implied consent for standard procedures that are part of regular ICU care.
All data collected will be de-identified. Data will be obtained from patient files during and after their stay in ICU.
The study will be registered in the Australian and New Zealand Clinical Trials Registry (ANZCTR).
10. [bookmark: _Toc64881109]STATISTICAL METHODS
10.1. [bookmark: _Toc64881110]Sample Size Estimation
This study aims to provide the best description available about delirium in ICU trauma patients, therefore we will recruit at least 250 patients over 2 years.
A subgroup of patients will undergo polysomnography during their stay in ICU. We will aim to include a minimum of 25 patients, or 10% of the total sample size.

10.2. [bookmark: _Toc64881111]Statistical Analyses Plan
1. Primary outcome will use descriptive statistics. Percentages as well as numerators and denominators in parenthesis will be given. Medians and interquartile ranges will be provided since the relatively small number of patients included in the sample will cause the data to have a non-parametric distribution.
2. Comparison between groups will be done using Mann-Whitney U test when comparing numerical versus categorical data because of the likely non-parametric distribution. Chi- square or Fisher’s exact test will be used when comparing groups with categorical versus categorical data. 
3. Logistic regression to identify the relationship between trauma severity scores and sleep quality with delirium. AIS and ISS can be analyzed against the dichotomous variable of “delirium” or “no delirium” during ICU stay. 
4. For sleep quality, 4 variables derived from PSG will be used to assess the quality of sleep:
a.  Total sleep time (TST),
b. the sleep efficiency (the percent of study time occupied by sleep), 
c. the percentage of Rapid Eye Movement (REM) sleep, and 
d. the arousal index.
These will be analyzed against the dichotomous outcome of “delirium” or “no delirium” during ICU stay using logistic regression to see if there is a relation.
11. [bookmark: _Toc64881112]PUBLICATIONS AND REPORT
The results of this study will be written as per the EQATOR Network’s “Strengthening the Reporting of Observational Studies in Epidemiology (STROBE)” statement. They will be submitted to peer-reviewed journals and presented at relevant conferences.
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Appendix 1: CAM-ICU
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Appendix 2: CAM-S
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Appendix 3: Severity scoring tools

1. Injury Severity Score
[image: Trauma scoring 23 พค.2558]























2. Abbreviated Injury Score (AIS)
[image: Trauma scoring]























3. Acute Physiology and Chronic Health Evaluation III score (APACHE III) 
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