Postoperative Cognitive Function Research Project [09/07/06 Version 1]
Based at King’s College Hospital in collaboration with the Wolfson Centre for Age Related Diseases, KCL, Guy’s Campus
A PROSPECTIVE, RANDOMIZED, CONTROLLED EVALUATION OF THE EFFECTS OF OPTIMISATION OF CEREBRAL OXYGENATION AND DEPTH OF ANAESTHESIA ON POSTOPERATIVE COGNITIVE DYSFUNCTION IN ELDERLY PATIENTS UNDERGOING MAJOR ORTHOPAEDIC AND ABDOMINAL SURGERY
Synopsis of project: purpose, study design 
Over the last decade, key studies have highlighted the high frequency and persistence of Postoperative Cognitive Decline (POCD), with preliminary studies indicating a particularly high incidence in the oldest age groups.  POCD refers to the adverse neurological and neurocognitive changes that many individuals experience after surgery.  Impairments particularly seen are short-term or long-term memory and attentional dysfunctions, disturbances in executive functioning and receptive language impairments. POCD is a major, potentially preventable and often unrecognized cause of cognitive decline, but many of the key questions regarding the full significance of the syndrome remain unanswered.  For example, the risks of Mild Cognitive Impairment (MCI) and dementia have not been established.  An improved understanding of POCD is essential to enable clear communication of the likely risks and prognosis to older surgical patients.  investigate the role of potential intra-operative interventions Even more importantly, elucidating the key contributing factors and the underlying mechanisms and developing effective strategies for prevention and treatment.  The current study will determine the clinical outcome of POCD, evaluate candidate clinical and biological markers and and genetic mechanisms.  
Details of the proposed investigation

1. Title: A PROSPECTIVE, RANDOMIZED, CONTROLLED EVALUATION OF THE EFFECTS OF OPTIMISATION OF CEREBRAL OXYGENATION AND DEPTH OF ANAESTHESIA ON POSTOPERATIVE COGNITIVE DYSFUNCTION IN ELDERLY PATIENTS UNDERGOING MAJOR ORTHOPAEDIC AND ABDOMINAL SURGERY
2.  Research objectives:  The current proposal will determine the frequency and importance of Post-Operative Cognitive Decline (POCD) in older people (over the age of 65), determine the subsequent incidence of Mild Cognitive Impairment and dementia and evaluate the role of key peri-operative intervention strategies and biological risk factors which will enable the development and implementation of preventative therapeutic strategies. 

3.  Background:  Clinical experience has always suggested that older people often develop impairments of cognitive function after major surgical interventions.  It is however only over the last decade that systematic studies have investigated the problem, coining the term Postoperative cognitive decline (POCD).  This body of work has highlighted the frequency and importance of POCD, which has become increasingly recognized as a common and potentially handicapping outcome after a broad range of major surgical procedures.  Although there is some variability between reports, probably reflecting the individual study definitions of POCD  and the differing age range of participants, the mean reported incidence rates are  25% (range 7 - 55%) at 1 week post-operatively and 10% (range 7-15%) at 3 months post-operatively for non-cardiac procedures.  These findings clearly indicate that POCD is a frequent and often persistent syndrome at all ages.  

The first major multi-centre international study of long term POCD in people aged 60 and over (The International Study of Postoperative Cognitive Dysfunction, ISPOCD1 study1) reported an incidence of POCD of 25% 1 week after surgery and 10% after 3 months, despite excluding people with any pre-existing level of cognitive impairment from the trial. Importantly, the degree of POCD identified was of sufficient magnitude to interfere with day-to-day activities, emphasising the clinical significance of the problem.  Furthermore, patients aged 70 and over had twice the incidence of POCD at 3 months (14%) than those aged 60 to 69 (7%).  There are very few studies in patients aged 70 or older, who are probably the highest risk group; and only a handful of studies with periods of follow-up longer than 3 months.  In a 12 month study undertaken by our group (appendix 1), including 100 participants over the age of 70 undergoing elective orthopaedic surgery, only 45% regained their full level of pre-operative cognitive performance over the subsequent 12 months, even when excluding individuals who developed delirium.  Furthermore, people >80 were four times less likely to regain their full level of cognitive functioning than individuals between the ages of 70 and 80, suggesting that the risk of POCD continues to escalate with advancing age even over the age of 70.  In addition, specific persistent deficits of attention were evident, particularly the speed of performance on attentional tasks.  It is clear from these studies that some level of cognitive impairment is extremely frequent after major surgical procedures, especially in the oldest age groups.  Surprisingly, despite the high incidence rates, awareness is low amongst the medical community and amongst surgical patients; and patients are rarely informed of the risk of POCD preoperatively as part of the consent procedure1.  

POCD is a major and potentially preventable cause of persistent cognitive decline, which often goes unrecognized.  Studies so far have only “scratched the surface”, with many key questions regarding the full significance of the syndrome remaining unanswered.  For example the proportion of people with persistent cognitive impairment has not been determined, it is unclear whether the magnitude of impairment is of sufficient severity to meet criteria for clinically significant syndromes such as Mild Cognitive Impairment (MCI) and the risk of incident dementia in the aftermath of surgery and over longer term follow-up has not been clarified.  In addition, it is important to determine the extent to which POCD occurs independently of delirium, and whether the causes are different in people with or without delirium. Furthering our understanding of the syndrome is essential to enable clear communication of the likely risks and prognosis.  Even more importantly elucidating the key contributing factors and the underlying mechanisms is essential so that effective prevention strategies can be devised and implemented. 

4. Causes and potential clinical determinants of risk for POCD

Peri-operative factors: Several recent editorials have further reiterated the magnitude of the problem but have been unable to offer any insights into the mechanisms or underlying causes2,3.  For example, in the ISPOCD1 study trial neither hypoxaemia nor hypotension were identified as significant risk factors, even with continuing measurements for up to 3 days post surgery1. It is however likely that the monitoring techniques employed in the ISPOCD trial lacked sufficient sensitivity to identify some of the important peri-operative changes and recent technological developments offer an exciting opportunity to improve the quality of peri-operative monitoring, enabling more precise measurement of regional cerebral oxygen saturation (rSO2), depth of anaesthesia and circulatory homeostasis. 
a) Cerebral oximetry using the Somanetics Invos Cerebral oximeter (SICO)

The Somanetics Invos Cerebral oximeter (SICO, Somanetics coorporation, Troy, Mich. USA)) is a commercially available device that measures regional cerebral oxygenation (rSO2) and quantifies changes in the balance between cerebral oxygen delivery and consumption. Evidence is also now accumulating in patients undergoing carotid endarterectomy, cardiopulmonary bypass, liver transplantation, neurosurgery and major abdominal surgery that a fall in rSO2 is associated with major cerebral dysfunction and/or postoperative cognitive dysfunction (POCD). Strategies to correct these falls in rSO2 may lead to improved cerebral function and a reduced incidence of POCD.

Although it is not absolutely clear what level of fall is significant, it is known from patients undergoing awake carotid endarterectomy surgery that a fall in rSO2 of greater than 20 per cent following carotid clamping is associated in most patients with marked deterioration in cerebral function. This usually necessitates the insertion of a shunt for the operation to proceed 4. 
Falls in rSO2 during cardiac surgery are significantly correlated with POCD and correction of these falls is associated with a reduced incidence of POCD5-7. The significant falls in rSO2 during cardiac surgery are almost always seen during the hypotension and haemodilution on initiation and continuation of cardiopulmonary bypass which clearly represents a major change in circulatory physiology8. However, major blood loss and fluid shifts doing other types of surgery may also cause similar falls in rSO2 sufficient to cause POCD, especially in the elderly. 

A significant fall in rSO2 during the anhepatic phase of liver transplantation has been associated with raised postoperative levels of neuron-specific enolase (NSE) and S-100, which are specific variables that indicate cerebral disturbances due to hypoxia/ischemia9.

Changes in rSO2 have been shown to be a useful guide to vasodilator management of cerebral vasospasm following aneurysmal subarachnoid haemorrhage10.

To evaluate whether monitoring and normalization of cerebral oxygen saturation (rSO2) minimizes intraoperative cerebral desaturation, 122 elderly patients undergoing major abdominal surgery with general anaesthesia were studied11. Patients were randomly allocated to an intervention group (the monitor was visible and rSO2 was maintained at > 75% of pre-induction values; n = 56) or a control group (the monitor was blinded and anaesthesia was managed routinely; n = 66). Cerebral desaturation (rSO2 reduction > 75% of baseline) was observed in 11 patients of the treatment group (20%) and 15 patients of the control group (23%) (P = 0.82). To assess whether cerebral desaturation was associated with POCD, the mini-mental state examination (MMSE) was assessed. Although there was no overall statistical difference in outcome (as assessed by reduction in MMSE between the two groups), those patients who suffered a cerebral desaturation had a significantly lower MMSE score at 7 days. A decline in cognitive function (defined as a reduction in MMSE => 2 points from baseline) during the first week after surgery was observed in 20 patients of the treatment group (35%) and 30 patients of the control group (54%) (P _ 0.137); however, when considering only those patients who actually had at least one episode of intraoperative desaturation in both groups, a decline in cognitive function was observed in 10 patients of the control group only (66%) (P < 0.001). There was also a relationship between the extent of cerebral hypoxaemia and increased length of stay.
However, this study can be criticised on several grounds. Firstly, the MMSE is not a very good discriminator of POCD. Secondly, changes in haemoglobin as a result of blood loss were not recorded. Thirdly, they resorted to the use of propofol to lower cerebral metabolic rate for oxygen (CMRO2) to improve rSO2 rather than using methods such as blood transfusion and optimization of fluid status to improve cerebral oxygen delivery. Nevertheless, they showed that in elderly patients undergoing major surgery there is a risk that falls in cerebral oxygenation may take place which could result in POCD. Overall, though, the incidence of POCD in the treatment arm was still high at 35%, higher than the overall figure of 26% in the ISPOCD1 trial. 

b) Depth of anaesthesia and potential toxicity of anaesthetic agents

Another key peri-operative risk factor for POCD pertains to the type and dose of the anaesthetic agents employed. Recent work has demonstrated that most anaesthetic agents may be toxic, in both the developing and the aged rat brain12,13. It is hypothesised that the quantity (duration times concentration) of anaesthetic agents used, especially during major surgery for older people, may be an important determinant of POCD14. Using the Bispectral Index Monitor [BIS monitor] (Aspect Inc, USA), recent work has demonstrated that cumulative deep hypnotic time (defined as the total amount in time in hours that the BIS level was below 45) is an independent risk factor for poor long term outcome after major non-cardiac surgery15. There may also be important differences between agents used to maintain anaesthesia. For example, opioids are non-toxic so the profound MAC sparing ability of remifentanil 16may help minimize toxicity of both inhalation and intravenous anaesthetics.

5. Retrospective analysis of data to assess the role of the above interventions
Our group has recently completed a retrospective analysis of changes in rSO2 in 46 older patients (mean age 65) undergoing abdominal surgery using the SICO. Twenty three (50%) of the patients had a drop in rSO2 of at least 15% and this was associated with ongoing major blood loss and low Hb and HCT.  These changes persisted, despite optimization of anaesthetic depth (using the BIS monitor), arterial oxygenation (using pulse oximetry) and circulatory status using CVP and BP. In all cases, the fall in rSO2 could only be reversed by blood transfusion and with conventional monitoring would have gone unnoticed. As mentioned above, previous studies in awake patients undergoing carotid endarterectomy under local anaesthesia have demonstrated that a fall in rSO2 of this magnitude is often associated with substantial cerebral dysfunction4.  An initial hypothesis is that these previously undetected falls in rSO2 represent a major and potentially preventable risk factor for POCD. However, other workers have demonstrated that falls in rSO2 as a result of haemodilution are not necessarily mirrored by falls in jugular venous oxygen saturation (SjO2), a measure of global cerebral hypoxaemia17. This could either be due to a greater sensitivity of the SICO versus SjO2 to reflect localised cerebral hypoxaemia8. 
6. Mechanisms and biological markers

Several recent studies have highlighted potentially important biological markers of POCD, including serum levels of the S-100 protein and Neuron Specific Enolase (NSE) 18as well as plasma concentrations of NO products19. S100b is a calcium-binding protein, localised predominantly in astroglial cells.  Following cellular injury S100b leaks into the extracellular space 20and provides an established marker of cerebral tissue damage and cerebral ischaemia 21,22.  At nanomolar concentrations S100b promotes neurite outgrowth, whereas at micromolar concentrations pro-inflammatory cytokines are expressed and apoptosis is induced23.  NSE is released during neurological injury and has already been studied as a marker of neonatal24 and postoperative neurological injury (Wimmer-Greinecker et al. 1998). Ischaemia results in glutamate release from injured cells with the consequent activation of glutamate receptors. This leads to calcium influx and the activation of nitric oxide synthase (NOS).  Neuronal damage may occur directly due to NO or to the peroxynitirite ion, produced by the combination of NO and superoxide25.  NO levels may be decreased in response to the magnitude and duration of surgical stress26, possibly mediated by the inflammatory response27. Neurons which express nitric oxide synthase (NOS) appear to be less susceptible to injury28. The latter finding is of particular interest, as a genetic polymorphism of ecNOS predisposes to cardiovascular disease and is a significant risk factor for subsequent dementia in people with cerebrovascular disease (appendix 3).  

Other candidate genetic factors which may increase vulnerability to POCD include polymorphisms that increase risk of dementia (eg APOE4) and polymorphisms associated with delirium (eg NMDAR1 G2108A polymorphism, an insertion/deletion polymorphism in the promoter region NQO2 and a variable number of tandem repeats (VNTR) polymorphism in the 3’ non-coding region of the dopamine transporter DAT in patients with a history of delirium tremens during alcohol withdrawal).   It is also possible that other genetic factors may be protective, for example a common candidate polymorphism that is associated with improved attentional performance may reduce the risk of POCD (BuChE K variant). We therefore hypothesise that particular individuals could be at greater risk of POCD based upon genetic vulnerability; and that there may be an interaction of peri-operative circumstances and individual biological vulnerability.  Identifying key risk factors will enable individuals at particularly high risk to be identified, so that strategies can be employed to minimize the risk; and both risk and protective factors will give important insights into the mechanisms of POCD which will enable the development of more effective treatments and better prevention.  

By addressing these key questions, the current proposal will clarify the full importance of POCD in people over the age of 70, determine the incidence of subsequent MCI and dementia and examine the impact of a an intra-operative intervention to prevent post operative cognitive dysfunction. 

7. Hypotheses 
a)In an RCT, closer anaesthetic monitoring and anaesthetic management of patients during surgery will improve post-operative cognitive outcomes compared with patients receiving usual anaesthetic monitoring at 7 days and at 3 months post-operatively.

.

b)Twelve months post-operatively, overall cognitive performance and function on every day activities will be significantly more impaired in post-operative patients than in age matched controls.

c) Twelve months post-operatively the incidence of MCI and dementia will be significantly higher in post-operative patients than in age matched controls.

d) A fall in cerebral oxygenation >15% will be associated with a significant increase in the risk of POCD and strategies to correct or minimise this fall with reduce the incidence of POCD
e) Minimisation of cumulative deep anaesthetic time will reduce the incidence of POCD

f) Genes predisposing to dementia, attentional impairments, delirium and abnormal NOS activity will increase the risk of POCD.

8 Methods  Participants, Inclusion and exclusion criteria: 
Randomized Controlled Trial (RCT)

One hundred patients, 60 years of age and older, with an American Society of Anesthesiologists (ASA) classification of fitness of 3 or less, undergoing major elective abdominal or orthopaedic surgery under general anaesthesia at King’s College Hospital will participate in the study. 
Inclusion criteria 

(1)Patients over 60 years of age classified as ASA (American Society of Anesthesiologists) of three or less who were due to undergo major elective abdominal or orthopaedic surgery (2) Mini Mental State Examination (MMSE) score equal to or greater than 23. (3) Adequate English was a pre-requisite to enable consent and to undertake study assessments. 

Exclusion criteria  

(1) Unable to complete the outcome measures (2) A diagnosis of Alzheimer’s disease or other dementia (3) Individuals undergoing surgical procedures under regional anaesthetics.

Assessments

1/ Electrocardiography (ECG) and laboratory tests as clinically indicated. 

2/ Cognitive evaluation:  Global cognitive function (Cambridge Assessment for Mental Disorder in the Elderly, section B (CAMCOG-B - , Mini-Mental State Examination -MMSE), memory (CAMCOG memory subscale), executive function (Trail – Making task part A and B) and vigilance accuracy and vigilance reaction time from the Cognitive Drug Research battery as indices of attentional performance and cognitive processing speed pre-operatively, 1 week post surgery and 12 weeks post surgery.

Definitions of POCD and other criteria for cognitive dysfunction will be validated based upon an initial cohort study (appendix 1). 

Randomisation  

Participants will be randomized according to randomisation lists, stratified by age group (65 to 70, 70 to 75 and over 75) , which will be generated by the study statistician in the statistical program package R. Based upon the list, sealed envelopes containing the randomization codes will be delivered to the operating theatres, and an envelope selected randomly by the anaesthetist. The randomisation envelope will be opened only after the participant’s eligibility and willingness to participate are re-confirmed prior to surgery. 

Blinding 

The trial will be double blind with the patients, informants and researchers blind to treatment allocation.

Monitoring and Intervention


A bispectral index (BIS) of the electroencephalogram will be used to monitor anaesthetic depth.  The target BIS range will be 40-60 (±5).
During and until extubation after the procedure, rSO2 will be continuously monitored using SICO to enable interventions if regional cerebral saturations drop by more than 15% from baseline or to less than 50% intraoperatively, using the following algorithm

1. BP maintained within 10% of baseline value by giving fluids or inotropes to bring the value back to within these limits 

2. SpO2 maintained above 95% by increasing the FIO2 to 50%

3. Maintain EtCO2 between 4·5 to 5·5%. avoiding excessive hypercarbia as well as hypocarbia.

4. If there is ongoing moderate to severe haemorrhage consider transfusion if the Hb level is less than 9g.dl-1

If all the above fail to correct a decline then increase the etCO2 to 6% and give 100% O2.
Intervention

In the intervention group the anaesthetist will have full access to the BIS and SICO data to optimize the depth of anesthesia and to identify and facilitate intervention to rectify cerebral oxygen desaturation. In the control group the BIS and SICO data will be collected, but the anaesthetist will be blind to the monitoring data.

Statistical methods 

The study is powered as a pilot study. A cohort of 73 patients gives 80% power to the 5% level of significance to detect a between group difference of 0·33 SD. The goal is to enroll 100 participants to allow for drop-outs.
The primary efficacy population will be defined as all patients who were randomised to receive the intra-operative anesthetic intervention or treatment as usual and completed at least one follow-up assessment. Statistical analyses will be undertaken using the SPSS software, version 17.0 (SPSS, Chicago, IL, USA). Two-sided p values of less than 0·05 will be deemed to be statistically significant.  A full statistical evaluation protocol will be developed by the study statistician.
Additional Objectives

Fifty age matched controls will be recruited in parallel, drawn from the spouses of people undergoing surgery. The pre-operative assessment will include a standardized evaluation to identify pre-existing delirium (Confusion Assessment Method CAM29) or significant cognitive impairment including MMSE <2530, and/or the presence of dementia (DSMIIIR criteria, American Psychiatric Association 1987).  This will allow additional comparisons between post-operative patients and age matched controls to address hypotheses b-f.
As a biomarker of brain injury,26 S100B protein will measured in plasma. Blood samples will be taken from participants at baseline and one day post-surgery. Blood will be collected into K2-EDTA vacutainers and centrifuged at 2,000g for ten minutes. Plasma will be collected and frozen until analysis. S100B concentrations will be measured using a commercially available ELISA (Alpco Diagnostics , Salem, NH, USA) according to the manufacturer’s instructions.  A full biomarker analysis protocol will be developed as part of the study. 

9. The value of the research to Public health and patient care:  It is clear that Post-Operative Cognitive Decline (POCD) is frequent after major surgical procedures, especially in the oldest age groups.  Surprisingly, despite the high incidence rates, awareness is low amongst the medical community and amongst surgical patients; and people are rarely informed of the risk of POCD as part of the consent procedure.  Determining the full significance of POCD with respect to longer term cognitive outcomes such as Mild Cognitive Impairment and dementia is essential to enable clear communication of the likely risks and prognosis.  Even more importantly elucidating the key contributing factors and the underlying mechanisms is essential so that effective prevention strategies can be assessed. 
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Appendix 1:  Data collected for a cohort study on Post Operative delirium (n=100) will be evaluated, to provide pilot data to enable optimization study criteria for POCD and other indices of cognitive dysfunction in the RCT. Age at surgery was a significant predictor of recovery to baseline MMSE (t = 2.3 p = 0.023), with an odds ratio of recovery >2 for the under 80’s.  Simple Reaction Time (SRT) showed the lowest recovery rate, with only 45% of patients recovering to their pre-operative level within the follow up period of twelve months. Importantly, slower pre-operative SRT (t=4.1  p=<0.0001) and Choice Reaction Time (CRT) (t=3.7 p=<0.0001 ) were significant predictors of “non-recovery”. 

Table 1: Recovery rates for Global Cognition and Attention

	
	Follow Up Visits

	
	3 Days
	7 Days
	3 Months
	6 Months
	12 Months

	MMSE
	45
	74
	91
	92
	92

	SRT
	23
	36
	40
	44
	45

	CRT
	27
	58
	68
	77
	77


Patients recovered to baseline (%).

C   Details of lead investigators
1.  Lead applicant / investigator (to whom all correspondence will be  addressed)
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	E-mail: clive.ballard@kcl.ac.uk

	Department: Institute of Psychiatry 

	Organisation: King’s College London

	Official address:

Wolfson Centre for Age Related Diseases
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King’s College London
	Postcode: SE1 1UL

Tel. No. / Ext.:  0207 8486568

Fax No.: 02078486145
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	Surname:  Green
	Title: Dr.
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	Speciality: Anaesthetics

	Post held: Consultant Anaesthetist
	E-mail: david.w.green@kcl.ac.uk

	Department: Anaesthetics, Intensive Care and Pain Relief
	

	Organisation: King’s College Hospital NHS Trust
	

	Official address:

Denmark Hill

London


	Postcode: SE5 9RS

Tel. No. / Ext.: 0207346 3154/3919

Fax No.:


	Surname: Wesnes
	Title: Professor

	Forename: Keith 
	Speciality: Cognitive Psychopharmacology

	Post held: Visiting Professor
	E-mail: keithw@cdr.org.uk

	Department: Human Cognitive Neuroscience Unit
	

	Organisation: , Northumbria University
	

	Official address:

CDR Ltd, Gatehampton Road

Goring-on-Thames,


	Postcode: RG8 0EN

Tel. No. / Ext.: 01491 878700

Fax No.:


	Surname: Jones
	Title:

	Forename: Emma
	Speciality:

	Post held: Research Associate
	E-mail:

	Department:Wolfson Centre for Age Related Disease
	

	Organisation: King’s College London
	

	Official address: Wolfson CARD,

King’s College London,

Guy’s Campus,

London


	Postcode: SE1 1UL

Tel. No. / Ext.: 0207 848 6156

Fax No.: 0207 848 6145


�Some of this has been stated before but it is reasonable to repeat some of it. I have deleted a couple of sentences further on.
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