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Invited speakers’ lecture summaries and biographies

Craig Morris: Cervical spine in trauma

The evaluation and clearing of patients with potential spinal injuries is a controversial area,
particularly in the presence of brain injury. In this presentation the available imaging modalities
will be reviewed with key international guidelines and recommendations for practice will be
provided.
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Craig Morris is a consultant in intensive care medicine and anaesthesia in Derby, having
previously trained in Northern Ireland. He developed an interest in evaluating spinal injuries in the
neurocritically ill while a registrar at the Royal Victoria Hospital in Belfast and was a co-author of
the Intensive Care Society guidelines which are currently being revised in conjunction with the
British Orthopaedic Association. He maintains a special interest in echocardiography and
ultrasound.

Thea de Beer: Managing brain perfusion

There is no Level One evidence for the use of intracranial pressure monitoring or cerebral
perfusion pressure management. Despite this, ICP and CPP measurement has become the
standard of care worldwide. Management of brain perfusion is still the mainstay in the
management of traumatic brain injury and has become more common in subarachnoid
haemorrhage, and now stroke.

Why do we need to manage brain perfusion?

When do we need to manage brain perfusion?

Which modality do we use to monitor brain perfusion?

How do we manage brain perfusion?

What targets do we aim for the management of brain perfusion?

Does the loss of autoregulation change the management of brain perfusion?

For how long do we need to manage brain perfusion?

These are the questions that will be addressed by exploring the current evidence.
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After completing undergraduate medical education in South Africa, Thea de Beer undertook
further medical training in the Wessex region. She completed FRCA and DICM training on the
Oxford specialist registrar training programme. Following a locum consultant job in NICU in
Oxford for 6 months she was appointed to a substantive job in Nottingham AICU which includes
the NICU.

Bernard Riley: Systemic complications of head injur ies

The commonest systemic complication following brain injury relates to the alteration in level of
consciousness following brain injury causing airway compromise and subsequent hypoxaemia
and hypercarbia which may be exacerbated by aspiration pneumonia. There are however,
potential systemic complications that may occur in virtually all the body’s organs. These may
occur either as the result of damage to specific areas of the brain e.g. Diabetes Insipidus or
poikilothermia following hypothalamic damage, as consequence of the brain’s response to injury
e.g. vaso-motor hyper-activity and neurogenic pulmonary oedema formation or the result of
breakdown of the blood-brain barrier e.g. the consequences of systemic release of brain
thromboplastin. This session aims to describe the range of systemic complications and discuss
relevant diagnostic and treatment strategies.

Bernard Riley has been a Consultant in Adult Critical Care & Anaesthesia at the Queen’s Medical
Centre, University Hospital Nottingham for the past 16 years. The unit has a particular interest in
brain and spinal trauma. He was previously Consultant in Anaesthesia and Intensive Care at the
Charing Cross and Westminster Medical School of the University of London for 6 years where his
neuro-anaesthesia “interest” was deep hypothermic circulatory arrest and cardio-pulmonary
bypass for giant aneurysm surgery. He was a member of the Care of the Critically Ill Surgical
Patient Working Party of the Royal College of Surgeons of England from 1994 to 2005 and is a
past chairman of the Advanced Trauma Life Support Steering Group of the same college. He was
Regional Advisor to the Royal College of Anaesthetists 2000 -2006 and is Anaesthesia & Critical
Care Advisor to the Falkland Islands Government. He is a member of Council and the Cases
committee of the MDU.

Carl Waldmann: Management of the severely head-inju  red patient in a DGH ICU

In Europe the proportion of patients with severe head injury that are admitted directly to a
neurosurgical unit varies from 25% and 65% and there is no consistency between neurosurgical
units admitting all cases of STBI.

In the UK in the Oxford Region in 2004, these were the referral figures:-

«In one year 1756 referrals range 114-192/m

+21-58 admitted/month

*5-12 had to be referred out of region

*Population served 2.4 million

*needs 90 ward beds and 12 NSITU beds



«in fact only 38 ward and 6 ITU
eshared ITU beds with neurology, head&neck

In a recent census in the UK in February 2006 carried out by the Neuroscience Steering group of
the Critical Care Stakeholders Forum on behalf of the Department of Health, there were 273
patients with a primary neuroscience diagnosis in a critical care bed on the day of the audit. 189
of these (69%) were being managed in a neuroscience unit and 84 (31%) in a non-neuroscience
unit.

Admission to Neuroscience ICU.

It has long been the stance of our neurosurgical colleagues that all head injured patients should
be treated in a timely fashion in a neuroscience centre especially as there is good evidence to
justify this stance”; however there has been little expansion of this facility to allow such a change
in policy.

The Neuroscience Critical Care Report published by the NHS MA Critical Care Team in 2004
recognised that neuroscience patients could be cared for in a DGH if staff are skilled and
experienced and have access to expert help when required. The questions to be clarified are:-

. What is neuroscience critical care?

. Does this have to happen in a neurosurgical centre?

. Why can’t everyone do it?

The ability of DGH ICUs to monitor ICP safely suggests that not all head injured patients need to
be transferred to neuroscience centres. Indeed patients with multiple problems may not benefit
from a transfer and ICP confers an extra modality of monitoring for such patients who require
other life saving procedures before they can be moved.

Unless neuroscience facilities do expand in the UK it may be that the only solution is to monitor
the more straightforward patients in their DGHs with the help of ImageLink and other IT enabled
sharing of information with the local neuroscience centre.

For those patients kept in a DGH arrangements will need to be made following a risk assessment
for :-

. surgical intervention
. decompressive Ventriculostomy
. decompressive Craniotomy

It is hoped that by applying these principles and new technologies, there will be a more equitable
access for severely head injured patients to neuroscience ICUs.
Summary of care of head injured patients in a DGH

. GOOD INITIAL RESUS

. GOOD BASIC INTENSIVE CARE

. Tight BLOOD SUGAR Control

. MONITORING ICP

. ICP/ CPP DIRECTED THERAPY

. MULTIMODAL MONITORING

. DECISION SUPPORT via IT LINKS

. GOOD FOLLOW-UP & REHAB
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Carl Waldmann is a Consultant in Intensive Care and Anaesthesia at the Royal Berkshire
Hospital in Reading. He began working in Reading in 1986 as Director of ICU. Apart from his
interests in management of Head Injured patients in a DGH and the procurement and
implementation of a Clinical Information System in ICU, his main passion has been to set up and
run an ICU Follow-up clinic in Reading since 1993 where he sees about 100 new patients
annually. At present he is a member of the council of the ICS; from May 2007- May 2009 he was



President. He is the Editor of Care of the Critically Il and until 2005 was the Editor of JICS. Carl
was also was Chair of the section of Technology assessment and Health Informatics (TAHI) of
the European Society of Intensive Care Medicine until 2008.

Carl is club doctor for Leyton Orient FC.

Nicolas Bruder: Thromboprophylaxis in neurosurgical patients

Venous thromboembolism (VTE) is associated with substantial morbidity and mortality. One study
estimated a number of VTE events in 6 European countries (UK, France, Italy, Spain, Germany,
Sweden) of approximately 1 million per year leading to 370 000 deaths in these countries. These
figures mean that the number of VTE-related deaths is more than double the number of combined
deaths due to AIDS, breast cancer, prostate cancer, and traffic accidents (1). Data from the UK
suggest that the cost of VTE to the National Health Service in 1993 was around 250 million £.
VTE complications including recurrent deep vein thrombosis (DVT), pulmonary embolism (PE),
post-thrombotic syndrome (PTS) and chronic pulmonary hypertension (CPH) further increase the
risks and the costs associated with VTE. It has been estimated that among 122 235 hospital-
acquired symptomatic DVT events and 32 654 PE in the US medical population, 32 % would die
over the ensuing 5 years, 22 % would suffer from recurrent DVT or PE (2). These complications
would be reduced by more than half with thromboprophylaxis. Surgery is a major risk factor for
VTE. Compared with incidence rates without surgery, inpatient surgery increases by 70 the risk of
VTE in the first 6 weeks after surgery. The highest risk is observed in the third postoperative
week. Cancer and neurologic disease are additional risk factors for thromboembolisme (3). In
patients with malignant glioma, the incidence rate of VTE ranged between 3 % and 60 % within 6
weeks after surgery. The variability was related to the prophylaxis regimen used or the method of
diagnosis (4).

Despite available evidence on the risk of thromboembolism and clear guidelines on
thromboprophylaxis, only half the surgical patients at risk for VTE receive adequate prophylaxis
(5). Other recent studies have shown a very low compliance rate with the American College of
Chest Physician (ACCP) guidelines for thromboprophylaxis, with a rate of only 2.8 % for
neurosurgery (6).

Risk of VTE in neurosurgical patients.

Compared to other surgical specialties, neurological surgery is associated with a high risk of VTE.
For intracranial tumour surgery, the occurrence of DVT is 20-35 % with 2.3-6 % for symptomatic
DVT in the absence of prophylaxis (7). In a small recent study using only mechanical prophylaxis,
the prevalence of DVT was 13.5 % (8). Risk factors in this patient population are leg paresis, age
over 60 years, large tumour size, length of surgery above 4 hours and use of chemotherapy.
There are few data for other intracranial procedures. A recent study using historical controls
found 2.5 % clinically significant VTE events with mechanical prophylaxis alone and none when
subcutaneous heparin was added (9). Intracranial haemorrhage developed in 3.8 % of 133
patients with heparin and 0.8 % without. However the majority of haemorrhages were
asymptomatic and none led to prolonged deficit.

In patients with intracranial haemorrhage, the rate of DVT detected by compression
ultrasonography was 15.9 % at day 10 when compression stockings (CS) was the only
prophylactic method (10). In another retrospective study in 1195 patients after subarachnoid
haemorrhage, intracerebral haemorrhage or traumatic brain injury, the incidence of symptomatic
VTE was 3.8 % using intermittent pneumatic compression (IPC) and low dose unfractioned
heparin in most patients (11).

In elective spinal surgery patients, the risk of symptomatic VTE for simple procedures
(discectomy, limited laminectomy) is below 1 %. For major procedures (extended laminectomy,
spinal fusion or major reconstructive surgery) the risk of symptomatic VTE ranges from 0.3 % to
2.2 % (7,12). Patients with acute spinal cord injury (SCI) have the highest incidence of DVT
among all hospitalized groups (13). Asymptomatic DVT occurs in 60 to 100 % of SCI patients
who are screened, without prophylaxis. In a retrospective study in 2005, the frequency of
symptomatic VTE was 5.4 % in the first 3 months (14). The degree of injury and neurological
deficit are major risk factors for developing VTE. For example, in one small study, the incidence




of VTE was 0 % in absence of neurological deficit and 100 % with paraplegia (15) (table 1). In
one prospective study, the incidence of DVT using Duplex ultrasound was over 60 % (16).

Surgical procedure

Intracranial Major spinal Minor spinal Spinal cord injury
surgery surgery surgery + motor deficit
Low risk patient IPC or IPC or LMWH 0 LMWH
LMWH
High risk patient | ICP+LMWH | IPC or LMWH | IPC or LMWH| ICP+LMWH

Table 1: Risk of VTE in the absence of prophylaxis (DVT: deep vein thrombosis using Duplex ultrasound or venography;
Sympt VTE: symptomatic venous thromboembolic events; PE: pulmonary emboli).

Prophylaxis of DVT in neurosurgical patients

Mechanical methods
The efficacy of mechanical methods for preventing VTE has been demonstrated. The value of
compression stockings (CS) alone is controversial. A large prospective randomized trial in 2518
patients with stroke did not demonstrate any effect of CS (17). But the efficacy of IPC is clear. A
meta-analysis including 15 studies and 2270 patients found that IPC devices reduced the risk of
DVT by 60 % (18). In neurosurgical patients, IPC appears to be very effective, reducing the risk
of DVT by two-third. In patients with acute intracerebral haemorrhage, IPC decreased the
incidence of DVT from 15.9 % with CS alone to 4.7 % (10).

Heparin
Low molecular weight heparin (LMWH) have been studied in several prospective studies in
neurosurgical patients (19,20). LMWH reduce the risk of VTE by 50 % after craniotomy. One
retrospective study found a benefit of subcutaneous heparin for prophylaxis in deep brain
stimulation surgery, although there was an increase in the rate of asymptomatic intracranial
haemorrhages (9). Patients with Parkinson’s disease are often motionless and anesthetized for a
long-lasting surgery. In our institution, we had 2 patients with DVT 2-4 days after the procedure
despite postoperative LMWH. In these patients, IPC during surgery is probably justified.
The effect of anticoagulant for the prophylaxis of VTE in spinal surgery is difficult to summarize
due to high variability in the incidence of VTE events in the literature. It is clear that heparin
(either LMWH or unfractioned heparin) decrease the risk of VTE, but the risk of epidural
hematoma is unclear.
In critically injured patients, clinicians are often reluctant to start early anticoagulation for
thromboprophylaxis. However, the incidence of VTE is high after multiple trauma or head injury
(21,22). Delays in initiation of anticoagulation increase the risk of VTE (23). In selected patients
after traumatic brain injury, treatment with enoxaparin within 48 hours after admission is probably
safe (24).

Risk of bleeding associated with anticoagulants in neurosurgical patients

The rates of major bleeding in studies using anticoagulants for prophylaxis are low and most
often not statistically different from the placebo. Pooled data from the literature show a trend
toward a higher rate of bleeding with LMWH compared to mechanical methods only (20). One
small study was stopped due to an increased frequency of intracranial bleeding (25). However, in
this study high doses enoxaparine were used (30 mg every 12 hrs) and the first dose was given
before surgery.

In spinal surgery, there is a risk of epidural hematoma due to LMWH. The benefit of
anticoagulants in this population of patients has to be weighted against the risk of postoperative
hematoma. Defining the risk/benefit ratio is critical and should be based on the surgical procedure
and the patient risk factors (history of thromboembolic disease, motor deficit, cancer, ...). After




spinal cord injury, the risk of VTE is very high. Anticoagulants should be used as soon as the risk
of bleeding seems to be under control. The duration of anticoagulation is usually 3 months for
patients with a motor deficit, or 6 months in case of additional risk factors.

Guidelines for thromboprophylaxis

Several published guidelines have been issued (7,13). All agree that neurosurgical patients are at
risk of VTE and that thromboprophylaxis should be used routinely. Mechanical methods (IPC) are
the first line methods to limit the risk of bleeding. LMWH are acceptable alternatives or can be
combined with mechanical methods in high-risk patients. Preoperative use of LMWH has no
indication. In some centres, LMWH are given the morning after surgery, after a head CT-scan to
rule out a significant intracranial bleeding (Table 2). The duration of anticoagulation is usually 7-
10 days after surgery but may be prolonged in high-risk patients (high grade glioma with motor
deficit).

After elective spinal surgery (discectomy, laminectomy) available data do not support use of
routine thromboprophylaxis, except for patients at risk of VTE. After spinal cord injury with motor
deficit, the risk of VTE is so high that a combination of mechanical methods and anticoagulants is
recommended as soon as possible.

Summary of guidelines

Surgical procedure

Intracranial Major spinal Minor spinal Spinal cord injury
surgery surgery surgery + motor deficit
Low risk patient IPC or IPC or LMWH 0 LMWH
LMWH
High risk patient | ICP+LMWH | IPC or LMWH | IPC or LMWH| ICP+LMWH

Table 2 : Thromboprophylaxis for neurosurgical patients (IPC= intermittent pneumatic compression; LMWH = low
molecular weight heparin).
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Malachy Columb: Statistics - evidence for outcome i n rare situations

Analysis of rare events is a necessary preoccupation in many areas of human endeavour.
Medical epidemiology attempts to enumerate various indicators of performance such as perinatal
death rates etc. It is rarely possible or feasible to study an entire population for rare events
(except perhaps for epidemiological purposes) and the usual approaches to sample size
estimation are therefore problematic.l An important consideration is that whilst ‘normal’ events
tend to be similar, sentinel events generally are not. As an example, millions of regular credit card
transactions occur every day, fraudulent ones can differ from these, but more importantly also
differ from each other. This increases the difficulty in determining probabilistic solutions to these
issues.

What is meant by ‘rare events? Generally these are events occurring at less than 5% of the time
but generally these occur at much lower frequencies than this. A related issue to the analysis of
rare events is of course the issue of defining safety; ‘safety is the condition where risk is managed
to an acceptable level.” There are two components here; risk is a probabilistic and objective
estimate whereas acceptable level is entirely subjective and is defined by the assessor or user.
There are two ways of assessing probabilities of sentinel events, neither of which is, in the end,
entirely suited. The commonest method is to rely on the observed frequency of the event. The
problem here is that rare events occur infrequently and that large amounts of data are required
before reliable estimates can be made. The other approach is to rely on expert opinion to
estimate the probabilities. The latter of course is fraught with subjective error. To improve



precision when the observed frequency (numerator) is known it is of course helpful to get an
estimate of the denominator. Such audits can be very useful and such and such an example is
the report of complications following neuraxial block organised by the Royal College of
Anaesthetists.

There are a number of approaches to enumerate and estimate precision for rare events and
some of the more convenient are shown below:

The rule of 3

Many will be familiar with the probability estimate for the 95% confidence interval (upper 95% CI,
P = 3/ n) when zero events are observed in a series of events. So if 0 events are observed in a
series of say 50 events then the upper estimate for the 95%CI is approximately 3/50 or 0.06 as
the upper limit for probability of the event occurring. Likewise similar estimates can be derived for
one, two or other events occurring. There are a number of issues with this simplistic approach
such as whether one or two sided probabilities are calculated. Perhaps the ‘rule of 4 may be
more appropriate.®

Time to event

This is based on the Bernoulli or geometric distribution where the probability is estimated based
on the average time between events by the formula; P = 1/ (1+t). So if an event occurs on
average once per year then the probability of an event occurring is 1/ (1 + 364), or P = 0.0027 as
the probability.

Poisson Process

This involves estimating the average frequency (u) of events occurring in a specific period and
then estimating the probability of a different frequency (x) occurring given the background or
expected frequency. The Poisson formula is; P(x) = e- i ux / x! So if 5 patients on average
suffer anaesthetic related anaphylactic reactions per year in a large teaching hospital, then the
probability of 3 reactions occurring are P(3) =e-5.53/3.2.1 or P =0.14 in a year.

Substitution

The estimation and comparison of extreme dose-response values such as ED95 or ED99 and
their precisions are problematic as real new information is only gained from studying failures of
dosing. By substituting and estimating the ED50, which is on the steep portion of the dose-
response curve, this maximises information and can lead to greater statistical power and
precision with smaller numbers of patients.* Many studies in critical care compare try to
demonstrate mortality benefits of a new therapy or intervention. It is not uncommon for
researchers to substitute the outcome of interest with a surrogate such as length of stay or
ventilator-associated days etc.

Conclusion

Clearly the identification of rare events is of major interest and extends to statistical methods for
identifying outliers in data, process control methods (e.g. six sigma), reliability and repeatability,
root cause analysis and advanced multivariate techniques to deal with sparse data in logistic
regression modelling. It must be acknowledged that in many settings it is impractical to derive
direct estimates and that empiricism will be required.
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lain Moppett: Simulation in research: clinical bene fit

Simulation in brain injury and neuroanaesthesia research is generally viewed with a degree of
scepticism by the clinical community. Detractors argue that a computational model cannot provide
new information since it is based only on what is known already; the outputs from the simulations
are not ‘real’ since the patient data can only be estimated; and ultimately such models are
irrelevant to clinical practice which is based on sound theory, physiological principles and
experience.

In this talk, these assumptions will be challenged and some of the potential and actual benefits of
simulation explored as well as some of its real pitfalls. Simulation is not new”** nor is it solely the
province of the computational engineer. Every time a clinician institutes or changes therapy a
process of simulation has occurred using the clinician’s semi-quantitative models of the
relationships between input (e.g. PaCO2) and output (e.g. ICP). Computational models take this
process one step further by introducing quantitative relationships, but the concept remains the
same. This quantitative approach becomes more relevant when opposing processes are
occurring.

Several groups have published models which can replicate ‘average’ patients, and have used
these to provide insight into some of the pathophysiological processes.s’a'7 However, to date,
there has been limited success in applying quantitative models to individual patients and this has
restricted their use in clinical practice. Crossover between the purely research based models and
teaching simulations is starting to occur.bItis likely that in the near future, self-learning
simulations will become available which can act as near patient diagnostic and predictive tools.
Whether this will translate into clinical benefit remains to be seen.
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Arun Gupta: National Institute for Academic Anaesth esia

A number of reports within the last 5 years have indicated that there has been a significant
decline in Academic Anaesthesia in recent years The National Institute of Academic Anaesthesia
(NIAA) was formed in 2008 as a joint initiative by the Royal College of Anaesthetists and
Association of Anaesthetists of Great Britain and Ireland (AAGBI) to improve the profile and
activity of academic Anaesthesia in the UK. Partners within the Anaesthesia community have
pooled funds to allow the award of larger grants to stimulate meaningful research within
Anaesthesia. A consultation survey to determine which research themes the NIAA should support
was sent out to RCoA fellows. The responses to this survey were collated and sorted into fifteen
questions. These were submitted to the major clinical research funding bodies in the UK including
the Medical Research Council (MRC), Health Technology Assessment (HTA), National Institute
for Health Research (NIHR) and Wellcome Trust with a view that at least one of these funding
bodies will make themed calls for research into at least one and ideally two or three of these
questions.

The NIHR was established in 2006 to ensure the NHS develops as an internationally recognised
centre of research excellence by controlling the funding for the national strategy for clinical
research in the NHS . The NIHR has created a comprehensive clinical research network which is
centrally co-ordinated and contains 26 specialty groups including anaesthesia and Critical Care.
The NIAA has been awarded NIHR partner status which will perhaps help recognition and funding
of NIAA supported projects

However, of the 15 themed questions originally derived by the NIAA, only 1 was directly related to
Neuroanaesthesia or Neurocritical Care. Furthermore, in the list of the NIHR portfolio studies for
anaesthesia, none of these relates to Neuroanaesthesia. There are a number within the Critical
Care portfolio that have Neuro critical Care involvement. Clearly, Neuroanaesthesia and Neuro
Critical care needs a significant stimulus either via the NIAA or directly through the NIHR to
increase its research output

Arun Gupta was appointed as a Consultant in Anaesthesia and Neuro Critical Care at
Addenbrooke’s Hospital, University of Cambridge in 1996. He was Director of the
Neurosciences Critical Care Unit for over 3 years before becoming Director of Postgraduate
Medical Education for Cambridge University Hospitals NHS Foundation Trust and the
Addenbrooke’s Simulation Centre. His particular field of research interest is in the effects of injury
on brain tissue oxygenation and metabolism, and has been in receipt of a number of grants to
support his research in this field, and was a major collaborator in the MRC funded acute brain
injury programme. He is an Associate Lecturer at the University of Cambridge and in 2005 was
awarded the Macintosh Professorship by the Royal College of Anaesthetists in recognition of his
research programme in brain oxygenation and metabolism.
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Roger Lightfoot: NeuroCritical Care Network

In March 2007 Paddy Yeoman and Keith Girling invited interested parties around the UK to a
meeting in Nottingham. There was broad critical care representation including neurosurgery and
ICNARC. The general feeling was that neuro-critical care had reached a stage where there
appears to be evidence that care given in specific neuro-critical care units for severe traumatic
head injuries may lead to better patient outcomes than in general units, and therefore a network
of neuro-critical care units was a good idea. This might allow further audit and research to assess
the veracity of this, and if so why this might be. It could then extend its view to see if it is true for
other serious neurological disease. The basic aims of the group were agreed in principle and that
it should be named the Neuro-Critical Care Network — NCCNet

The aims of the Network are:

1. To develop a national network of critical care units providing neurocritical care.

2. To share evidence and best practice, which may in time and in conjunction with other
stakeholders include the development of standards for neurocritical care.

3. To develop national comparative audit of patient outcomes from neurocritical care in co-
operation with ICNARC.

4. To develop a national network which would facilitate multi-centre audit and research.

Initially, the scope of NCCNet is limited to neurocritical care for severe traumatic brain injury.
At present the Network is focusing on:

1. Promotion and recruitment for RAIN

2. Developing links and recognition from key stakeholders. It has to be noted that NASGBI
has been very supportive of the Network since its inception.

3. Developing both research and education meetings.

4, Maintaining links within the Network.

If you would like any further information then please visit the website www.nccnet.org.uk

Roger Lightfoot has been a consultant in Neurointensive Care and Neuroanaesthesia in the
Wessex Neurological Centre, Southampton since 2004. He has been part of the Neurocritical
Care Executive Committee since November 2007 as the Secretary covering the South of
England. Within this role has he has helped develop the NCCNet Website, organise the Research
and Education meetings and update the Network database.

Arun Gupta: Which multimodal monitoring?

The application of multimodality monitoring to patients with brain injury enables the continuous
measurement of fundamental parameters such as intracranial pressure, cerebral oxygenation,
cerebral metabolism and cerebral blood flow. Whilst intracranial pressure measurement remains
the cornerstone of neuromonitoring, analysis of the intracranial pressure waveform provides
additional information, which may help guide treatment and predict outcome. Non-invasive
detection of intracranial hypertension and assessment of cerebral perfusion pressure and
autoregulation is the focus of ongoing research. Although Jugular venous saturation monitoring
remains a useful method for detecting global hypoperfusion its sensitivity to regional ischaemia is
low. Brain tissue oxygen monitoring using intraparenchymal electrodes or Near Infrared
Spectrocopy (NIRS) overcomes this deficiency and sheds new light on the pathophysiology of
cerebral ischaemia following brain injury. Cerebral blood flow extrapolated from cerebral blood
velocity measurements from Transcranial Doppler is particularly useful as a non-invasive
measure, although laser Doppler and thermal diffusion are still being explored as more accurate
measures. Monitoring of brain metabolism using cerebral microdialysis continues to develop its
niche in clinical neuromonitoring. These techniques, from a research perspective, are increasing
our understanding of the pathophysiology of acute brain injury. Current efforts are directed at
refining the methodology and determining their clinical utility to assist in the management of
individual patients on intensive care.



Cor Kalkman: How can anaesthetists contribute to go od perioperative outcomes for
neurosurgical patients?

Anaesthesia has made considerable contributions to the quality and safety of neurosurgical
procedures. For example, malignant brain swelling due to uncontrolled hypercarbia in
combination with volatile anaesthetics1 seriously hampered intracranial procedures until late in
the 1960’s. Controlled mechanical ventilation with capnography has now minimized this risk.
Better physiological monitoring, new drugs, Intensive Care and improved training of anaesthetists
have all resulted in decreased morbidity and mortality. However, the question is whether we have
now reached such a level of performance that the law of diminishing returns applies. Can
dedicated neuroanaesthetists improve neurosurgical outcomes over and above competently
performed modern anaesthesia? There is certainly a growing sentiment amongst younger
colleagues that ‘everybody can do neuroanaesthesia, because there is nothing special to it...’
We no longer routinely apply hyperventilation, hypothermia or osmotic agents and a generally
agreed neuroanaesthesia mantra today is: keep everything ‘normo’ (normocapnia, normotension,
normothermia, normovolaemia, normoglycaemia, etc.). Also, our search for the ideal
neuroprotective strategy has met with limited success. Intraoperative mild hypothermia - although
initially promising in rodent studies - did not result in improved neurological outcome after clipping
of cerebral aneurysms (IHAST-Intraoperative Hypothermia for Aneurysm Surgery Trial2). A
substudy of IHAST looked at patients needing temporary clipping. Neither systemic hypothermia
nor supplemental protective drug — thiopental or etomidate - affected short- or long-term
neurologic outcomes of patients undergoing temporary clipping. 3

There have been several attempts to determine whether specific anaesthetic techniques are
superior in terms of patient outcomes when used during neurosurgical; procedures. 4, 5
Unfortunately, none of the available studies were sufficiently powered tot detect clinically
important changes in major outcomes such as mortality of neurological outcome.

One would expect that the application of specific neuromonitoring techniques such as
somatosensory and motor evoked potentials, transcranial Doppler ultrasonography or monitoring
of regional cerebral oxygen saturation using near infrared spectroscopy NIRS would typically be
in the realm of neuroanesthetists and applied during neurosurgical procedures. Paradoxically,
however, complex neuromonitoring techniques are more frequently employed in other specialties
such as orthopaedic spine surgery, vascular surgery and in the Neurointensive Care unit than in
neurosurgical operating theatres. Therefore the question is valid to what extent we can contribute
to good perioperative outcomes over and above delivering high-quality routine anaesthesia care.
This also pertains to the recurring question whether neuroanaesthesia should aspire to official
subspecialty status, including dedicated fellowship training, exams and certification (see Maurice
Albin in SNACC Newsletter 2004: www.snacc.org/Newsletters/O4Fall.pdf).

Volume versus Outcome - Several determinants of perioperative outcomes have recently been
proposed or studied. There is a growing body of literature demonstrating that for complex surgery
such as pancreatectomy or esophagectomy there is decreased morbidity and mortality in ‘high-
volume’ centres. This was recently also confirmed for craniotomy for supratentorial tumors,
pituitary surgery and cerebral aneurysm clipping6-9. Collectively, these studies suggest that
patients will benefit if complex neurosurgical procedures are concentrated in specialized high-
volume centres. The growing popularity of endovascular approaches to cerebral aneurysms has
markedly reduced the caseload of surgical clipping, whilst increasing its complexity. This is a
powerful argument for concentration of neurosurgical expertise in a limited number of high-
volume centres. It is obvious that the incremental value of expertise and experience should
extend to neuroanaesthsia, although - again - the relative contribution of neuroanesthesia to
improved outcomes remains difficult to ascertain. Nonetheless, neuroanaesthetists should play
an active role in this debate.

Finally, there remains the question to what extent the less directly tangible effects of effective
teamwork play a role in determining the success of neurosurgery. Intuitively, a neurosurgical
team consisting of an experienced dedicated neuroanaesthetist collaborating effectively with an
experienced competent neurosurgeon should be better prepared to handle any possible
intraoperative neurosurgical crisis than an ‘ad-hoc’ team with an anaesthetist with only casual
neurosurgical experience and no specific interest in neurosurgery. While, at least in theory, such
phenomena are accessible to study, this is still an unexplored area of neurosurgical practice.
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Bryn Baxendale

Bryn Baxendale was appointed in 1998 as a Consultant Anaesthetist at Queen’s Medical Centre
(QMC, now part of Nottingham University Hospitals NHS Trust) primarily with clinical
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‘learned body’ for developing and enhancing the use of simulation in its broadest contexts as an
innovative approach to improving the education and training of healthcare staff as well as being
applied to specific areas of patient safety and risk management in the healthcare system. Within
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practice in the UK.
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Abstracts

Order as for future publication in the  Journal of Neurosurgical Anesthesiology

[1] Arterial carbon dioxide control: compliance with gu idance in acute brain injured
patients during neurosurgical intensive care ORAL PRESENTATION

Batuwitage BT, Eapen G, Hui J, Andrzejowski JC

Department of Anaesthetics, Royal Hallamshire Hospital, Sheffield, UK

Introduction

The recommended arterial carbon dioxide (PaCO2) range after acute brain injury (ABI) is
between 4.5 and 5.0 kPal and is incorporated into guidelines on our neurosurgical intensive care
unit (NITU). We audited clinicians’ knowledge of this target and gathered data on the quality of
arterial CO2 control on our NITU.

Methods

Adherence to guidelines for PaCO2 control was studied in 10 patients with ABI in the first 72-
hours following admission to NITU. Following arterial blood gas (ABG) analysis, PaCO2 control
‘in hours’ (08.00 — 18.00 hrs) was compared with that ‘out of hours’ (18.00 — 08.00 hrs) using Chi
square analysis. Knowledge of local guidance for PaCO2 control was tested by asking nursing
staff and neurosurgical and anaesthesia trainees to indicate the correct PaCO2 range for a
ventilated patient after ABI.

Results

339 ABG measurements were analysed (table 1). 164 (48%) samples demonstrated PaCO2
values that were outside the recommended range. There was no statistical difference in PaCO2
control ‘in hours’ compared to ‘out of hours.” 5 of 15 nurses, 3 of 22 anaesthesia trainees and 10
of 13 neurosurgical trainees were unable to identify the correct range for PaCO2 after ABI. All of
the 18 respondents who were unaware of the correct range chose a target PaCO2 range below
4.5 kPa.

Conclusions

Control of PaCO2 in ABI patients on the NITU was poor. The majority of PaCO2 values that fell
outside the recommended range were below 4.5 kPa, thus presenting a potential risk to patients.
There was also a lack of knowledge of current guidelines particularly amongst neurosurgical
trainees; the majority indicated that they would hyperventilate patients. Following these findings
we have introduced a targeted nursing and medical education programme, and will investigate
the impact of this by repeat audit.
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Table 1

Number (%) of arterial CO , (PaCQ,) samples in each range

In hours Out of hours
PaCO, range (kPa) (08:00 - 18:00) (18:00 — 08:00)
n=141 n=198
<45 45 (32%) 68 (34%)
45-50 79 (56%) 96 (49%)
>5.0 17 (12%) 34 (17%)




[2] A survey of current practice of the management
sitting position

of patients requiring craniotomy in the

Boucher E, Plummer S
Department of Anaesthetics, University Hospital of Wales, Cardiff, UK

Introduction

There has been an increase in requests by neurosurgeons in Cardiff for posterior fossa surgery,
usually for large acoustic neuromas, to be conducted in the sitting position. To put this into
context, we undertook a survey of national practice of the use of the sitting position in
neurosurgery; a similar survey was last undertaken almost 20 years ago.1

Methods

A peer reviewed electronic questionnaire was sent to the 38 centres providing neuroanaesthesia
in the UK, and completed by those within these departments who anaesthetise for craniotomy in
the sitting position. For those centres that perform neurosurgery in the sitting position we asked
for details of screening practice for patent foramen ovale (PFO) and subsequent management of
the PFO if present.2 Units that do not perform sitting surgery were asked why they do not use this
position.

Results

Responses were received from 30 of 38 (78.9%) centres. 14 (46%) centres use the sitting
position; the reasons for not doing so include surgical preference (65%), no suitable operating
table (17.5%), no suitable monitoring equipment (7.5 %) and anaesthetic refusal (7.5%). Details
regarding PFO screening are shown in table 1. If a PFO is diagnosed, 55% of paediatric cases
continue to surgery in the sitting position compared with fewer than 6% of adults. Patients are
referred for pre-operative treatment of PFO in 11.1% of paediatric and 11.8% of adult cases.

Conclusions

Fewer than half of neurosurgical units in the UK perform surgery in the sitting position. Adults
requiring neurosurgery in the sitting position are more likely to undergo pre-operative screening to
detect PFO than children. If PFO is identified in adults, surgery is more likely to be changed to a
non-sitting position. A small percentage of both adults and children have their PFO treated pre-
operatively.2
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Table

Patent foramen screening practice in adults and children

Yes No Sometimes

Adults/Paeds Adults/Paeds Adults/Paeds
Pre-operative echocardiogram 58.8/11.1% 17.6/77.7 % 17.6/11.1¢
Pre-operative transcranial Doppler 17.6/0 % 82.3/100 % 0/0 %




[3] An audit of the quality of transfers of brain i njured patients into the Royal Preston
Hospital

Burnand C, Moray R, Jones M
Department of Anaesthesia, Royal Preston Hospital, Preston, UK

Introduction

High quality transfer of patients with brain injury is associated with improved outcome; the
prevention of secondary brain damage can be avoided by the application of sound management
principles during transfer.1 We audited the quality of transfers locally in order to identify areas for
improvement.

Methods

We used the transfer guidelines published by the Association of Anaesthetists of Great Britain &
Ireland2 to assess the quality of transfer of brain injured patients into the Royal Preston Hospital.
The dataset of critical care transfers maintained by the Intensive Care Bed Information Service
(ICBIS) was used for this audit. Twelve months data from September 2008 to August 2009 were
retrospectively analysed.

Results

48 brain injured patients were transferred into the unit during the audit period. The most common
diagnosis was acute subdural haematoma (28%). With the exception of arterial partial pressures
of carbon dioxide levels, assessed by end-tidal carbon dioxide (ETCO2) monitoring, most
standards were met on 80% to 95% of occasions (table 1). ETCO2 was within the 4.0 — 5.0 kPa
range in only 45% of transfers. Head-up tilt, pupillary reflexes and urine output were each
recorded in fewer than 10% of transfers. 86% of anaesthetists had transfer training.

Conclusions

Most of the AAGBI standards are already being met with high frequency but improvement is
required to increase compliance with poorly met standards, including ETCO2 monitoring and
control. Promotion of the guidelines and closer links with the referring hospitals is important and
we plan to present our findings, including local data, to our referring hospitals.
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[4] Central venous line use in neuroanaesthesia: a  survey of current practice in the UK
POSTER WITHDRAWN
Chahal H, Raveendran K, Wijayatilake S

Department of Neuroanaesthesia, Queen’s Hospital, Barking Havering and Redbridge University
Hospitals, Romford, UK

Introduction

There are no clear guidelines for central venous line (CVL) insertion in craniotomy, resulting in a
wide variety of practice between neuroanaesthetists.1,2 The aim of this audit was to ascertain if
any consensus exists in the UK on indications and route of CVL insertion during neurosurgery.

Methods

A questionnaire was emailed to all members of the Neuroanaesthesia Society of Great Britain
and Ireland. Respondents were asked to identify whether they would consider a CVL in 7
indications for a major craniotomy in ASA 1 or 2 patients. The questionnaire covered the
following issues: route and method of insertion, reasons for using the route, type of catheter, use
of post-insertion chest x-ray (CXR) and application in patients with high risk of venous air
embolism (VAE).

Results

The response rate was 43% of which 93% were consultants. Indications and choice of routes are
shown in figure 1. Ease of insertion (30%) and low risk of pneumothorax (21%) were common
reasons for the choice of route. 55% of respondents do not use ultrasound guidance for CVL
insertion and 44% do not perform a post-insertion CXR. 81% use a multi-lumen catheter. 42% of
CVLs are inserted for drug administration, 27% for measuring central venous pressure, 14% for
VAE risk and 15% for lack of peripheral venous access.

Conclusions

Our survey suggests that a consensus exists for insertion of CVL for clipping of aneurysms,
excision of meningiomas and posterior fossa surgery but not for other neurosurgical procedures.
The most popular route was the internal jugular vein (45%) as this was perceived to have the
lowest complication rate. Despite recommendations from the National Institute for Health and
Clinical Excellence3 the majority of neuroanaesthetists in the UK do not use ultrasound guidance
for insertion of a CVL.
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Figure 1. Indications and route of insertion for
central venous lines in craniotomies
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[5] National survey of anaesthetic practice in the neuroradiology suite

Clift K, Ralph J, Smith M
Department of Anaesthetics, University Hospital, Birmingham, UK

Introduction

Following the ISAT triall there has been a massive increase in the treatment of intracranial
aneurysms by interventional neuroradiological techniques and an associated increase in
neuroanaesthesia provision to the neuroradiology department. In 2004 we conducted a national
survey of the anaesthetic techniques employed during neuroradiological interventions. Five years
later, the service requirement has developed further and we have re-audited how anaesthesia,
monitoring and post procedure care is provided for interventional neuroradiological procedures in
the UK.

Methods

Following peer review, an on-line survey (using Survey Galaxy) of current practice was distributed
electronically to all members of the Neuroanaesthesia Society of Great Britain and Ireland
(NASGBI).

Results

120 surveys were returned. 113 respondents provide anaesthesia for neuroradiological
procedures and these returns were analysed in detail. Most departments (79%) provide
emergency as well as scheduled anaesthesia cover for neuroradiology. Most departments (79%)
do not have a theatre immediately available whilst interventional procedures are ongoing.
Anaesthetic techniques included total intravenous (65%) and volatile anaesthesia (35%) with
opiates and muscle relaxants administered by bolus or infusion. 75% of clinicians placed a central
line during the procedure for use in case of vasospasm in the post procedure period. Post
procedure care is undertaken in a variety of settings including extended recovery, neurosurgical
ward and in level 1 (observation bay), level 2 (high dependency care) and level 3 (intensive care)
areas. Many units differentiate between elective and emergency cases when planning post
procedure care, with admission of emergency cases to areas with higher levels of care.

Conclusions

There is a high level of uniformity with respect to basic anaesthetic techniques, although there is
some discrepancy in the perceived value of placing a central venous line. There is a lack of
consensus on post procedural care which may represent local logistical problems, including
critical care bed availability.
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[6] A survey of blood glucose testing in patients r eceiving dexamethasone during
craniotomy for tumour resection

Corrie K, Bachra P, Flack J

Department of Anaesthesia, Nottingham University Hospitals NHS Trust, Queen’s Medical Centre
Campus, Nottingham, UK

Introduction

Dexamethasone is used peri-operatively in neuroanaesthesia to reduce cerebral oedema and
vascular permeability. It may however increase the incidence of hyperglycaemia.l Persistent
hyperglycaemia has been reported to be associated with an increased mortality after the
resection of malignant brain tumours2 and in critically ill patients generally.3

Method

We conducted a retrospective case note review of 50 consecutive patients scheduled for
craniotomy for tumour resection to investigate the use of dexamethasone and associated blood
glucose measurement.

Results

35 (70%) patients received oral dexamthasone pre-operatively and 47 (94%) patients received
intravenous dexamethasone per-operatively. 11 patients received 8 mg, 10 received 12 mg and
26 patients 16 mg per-operatively. Only 4 patients had blood glucose measurement during
surgery, of which two had diabetes mellitus and were receiving insulin infusion. The same two
patients had blood glucose measured in the recovery room and on the ward postoperatively. No
other patients had documented evidence of blood glucose measurement in the 24 hours following
intravenous dexamethasone.

Conclusion

Plasma glucose levels peak nine hours after the induction of anaesthesia.l This audit suggests
that we might be missing hyperglycaemia by failing to monitor blood glucose in an at-risk patient
group. We are now implementing local guidance recommending that all neurosurgical patients
receiving dexamethasone have blood glucose measurement two hourly during surgery and for
twelve hours after the administration of intravenous dexamethasone. We will re-audit blood
glucose testing in this patient group to investigate whether we are achieving our new standard.
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[7] Predicting mortality in patients admitted to a neur ocritical care unit
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Introduction

This study investigates the influence of several factors on mortality of neurosurgical patients
admitted to a neurocritical care unit (NCCU) and determines whether these deaths were
predictable.

Methods

This retrospective case note review identified all patients who died on the NCCU of a University
Teaching Hospital between June 2007 and May 2008; the records were reviewed jointly by a
neuroanaesthetist and neurosurgeon. Demographic variables and anaesthetic and surgical
factors allowed stratification of patients as having a potentially reversible or non reversible
condition that led to their death.

Results

62 (7%) of the 870 patients admitted to the NCCU during the study period died. Three deaths
were unexpected and followed elective surgery. Death was predictable in 59 patients (95%). The
underlying diagnosis was varied but similar to that reported previously.1 Vascular brain injury was
the predominant cause (21 of 62 patients [34%)]). Fourteen deaths were predicted on admission
to the NCCU because of the underlying neurosurgical pathology. In a further 45 patients, death
was predicted at some point during the NCCU admission from a combination of factors including
worsening of the neurological status, co-morbidities and the number of systemic organ systems
failing. Of the 59 patients whose death was predicted, 58 required support for three or more
organ systems. Forty one of those for whom death was predicted had ‘do not resuscitate’ status
applied and death was diagnosed by neurological criteria in 14 patients. Potentially reversible
neurosurgical factors were found in 14 (23%) of patients who died.

Conclusion

The overall mortality rate of 7% on our unit is comparable to that reported previously.1 95% of
deaths were predictable at some stage during admission to the NCCU. This predictability should
allow end of life care to be introduced in a timely manner for patients whose prognosis is
hopeless and aid communication with relatives.
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[8] Transfer of patients with brain injury: a retrospec tive audit of practice and online-
survey to determine methods to improve transfer

Galea M, Garg A, Lightfoot R, Eynon A
Neurointensive Care Unit, Southampton General Hospital, Southampton, UK

Introduction

The National Confidential Enquiry into Patient Outcome and Death (NCEPOD) has highlighted
that patients with acute brain injury (ABI) are often managed at a local hospital prior to transfer to
a neurosciences unit.1 Prevention of secondary brain injury during transfer is important.
Guidelines issued by the Association of Anaesthetists of Great Britain and Ireland (AAGBI)
highlight the duty of tertiary level hospitals to improve the quality of inward transfers.2 Previous
studies in other regions of the UK have shown low compliance with AAGBI guidelines.3 The aim
of this project was to audit compliance with AAGBI guidelines on the transfer of brain injured
patients to our regional Neurointensive Care Unit (NICU) and to determine from survey referring
hospitals how the regional NICU can assist in improving the quality of transfers.

Methods

We retrospectively reviewed the case notes of 88 randomly selected patients with ABI admitted
as an emergency to NICU between January 2008 and May 2009 and recorded compliance with
AAGBI guidance. In parallel we conducted an online survey asking consultants in referring
intensive care and emergency care departments how the NICU could facilitate transfer of such
patients.

Results

Of the 88 case notes selected, 62 related to patients referred from district hospitals and 26 were
from our local Emergency Department. 64 had traumatic brain injury, 4 subdural haematoma, 9
subarachnoid haemorrhage and 11 intracerebral haematoma. Patients were transferred from 12
referring hospitals. Table 1 shows compliance with AAGBI guidelines and results for the online
survey.

Conclusions
Knowledge of adherence to guidelines improves practice and ensures optimal patient outcomes.
The online-survey has allowed us to identify the preferred education needs of each referring unit.
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Table 1
Compliance with AAGBI transfer guidelines and results from online survey

() Compliance with AAGBI guidelines for transfer of brain injured patients®

Recommendation Inter-hospital transfer from Referring Transfer from Southampton Emergency Department to

Hospital to NICU NICU
Doctor 2 yrs experience 43/62 16/26
ECG 28/62 8/26
Invasive BP 45/62 14/26
Capnography 38/62 12/26
Temperature 7162 4/26
Pulse oximetry 42/62 17/26
Urine output 16/62 2/26
Pupil size & reaction 36/62 6/26
Copy of notes 27/62 26/26
Arterial blood gases results 47162 20/26
Full blood count 44/62 15/26
Biochemistry 48/62 15/26
Coagulation screen 34/62 13/26
Blood glucose 37/62 15/26

(i) Online survey: Mechanism for facilitation of transfer of brain injured patients

Recommendation

Number of Referring units

Personal link with NICU consultant

Regular feedback from NICU

Members of NICU visiting department to present taidnd guidelines

Poster in department with guidelines

Online webpage with transfer guidelines

Paper document with guidelines

CD containing guidelines
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[9] Management of agitation and delirium in the neu  rosurgical intensive care unit

Kigozi M, Garner A
Department of Anaesthesia, St Georges Hospital, London, UK

Introduction

Agitation is a significant clinical problem in anaesthesia and critical care medicine and causes
many potentially harmful sequelae. Studies have shown diverse causative factors, and varying
management, of delirium in the critical care environment.1 This audit was conducted over a two-
week period in our 12 bedded neurosurgical intensive care unit (NICU) to assess: i) the
prevalence of post operative agitation; ii) the management of post operative agitation in the
critical care environment and, iii) the requirement for patients to be physically restrained.

Methods

Information was collected on a daily audit questionnaire completed for all critically ill neuroscience
patients. General medical and elective post-operative surgical patients being managed on the
NICU were excluded.

Results

72 data sets were obtained from 18 patients. Agitation was described in 44% of cases and
perceived to be causing a clinically significant problem (a potential danger to self or risk to
therapy delivery) in 37.5%. Actual adverse clinical incidents were recorded in only 4.1% of
occurrences of agitation. Verbal restraint was required in 44% of cases of agitation and sedation
was employed in some form in all cases where agitation was considered a significant risk. The
atypical anti-psychotic drug risperidone was used in 4.1% of cases. Physical restraint took the
form of moving patients’ hands from medical devices in 33% of cases and the application of
‘mittens’ in 13%.

Conclusions

Agitation is common in the NICU and diverse strategies, including administration of atypical
antipsychotics, are used to manage it. 2 Of note is that 33% of cases in our audit required some
form of physical restraint. We are now producing guidelines for the chemical and physical
management of agitation and plan to audit our practice against these standards in due course.
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[10] Management of red cell mass in a Jehovah’s Wit ness undergoing complex skull base
tumour surgery

Krassnitzer S, Milne M, Birchall J
Departments of Anaesthesia and Haematology, Frenchay Hospital, North Bristol NHS Trust,
Bristol, UK

Introduction

A 69 year old female Jehovah's Witness presented with a short history of falls and unsteadiness.
A recurrence of a skull base chondrosarcoma (figure 1), operated on 6 years earlier with tumour
resection and orbital exenteration, was confirmed.

Case History
Preoperatively, low normal iron and folate levels were supplemented orally and intravenously; the

haemoglobin level (Hb) rose from 12.4g/dl to 13.8 g/dl. We also attempted to expand the
circulating volume and lower baseline blood pressure by the ramped introduction of an ACE
inhibitor four weeks prior to surgery - total gross tumour resection and reconstruction of the
anterior fossa floor with a right temporalis muscle flap. During surgery the patients was
haemodiluted with 30ml/kg of Hartmann’s solution to a post dilution Hb of 11g/dl. Maintaining
euvolaemia with a mix of crystalloid and colloid, the total blood loss was 3 litres (one circulating
volume) and the Hb level had an intra-operative nadir of 4.5 g/dl, coinciding with transient ST-
segment depression >2mm. Cell salvage using a leucocyte depletion filter for re-infusion
delivered a 600 ml return to the patient. Postoperatively the patient was stable with an Hb of 7g/dI
on the night of surgery and 8.4g/dl the following morning. ACE inhibitors were discontinued.
There were no neurological or cardiac complications. The patient was discharged home in a good
condition16 days after the surgery with an Hb of 9.4 g/dl.

Discussion

We describe a strategy of pre-operative optimisation of red blood cell mass avoiding the use of an
erythropoietin analoguel and returning salvaged blood via a leucocyte depletion filter on the
basis of recent evidence for the safety of this technique.2 Intra-operative anaemia was severe but
there were no major sequelae.
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Figure 1
MRI scan showing recurrent skull base chordoma




[11] Postoperative nausea and vomiting in neurosurg ical patients

Connell J, Puttaswamy R, Krovvidi H
Department of Anaesthesia, University Hospital Birmingham, Queen Elizabeth Medical Centre,
Birmingham, UK

Introduction:

Postoperative nausea and vomiting (PONV) in neurosurgical patients increases the risk of raised
intracranial pressure, bleeding and CSF leaks. The incidence of PONV in neurosurgical patients
varies between 39-50% and is higher in skull base and infratentorial procedures. 1 Prophylactic

antiemtics have been shown to reduce the incidence of PONV.2

Methods
This prospective audit was conducted over a 4-week period to determine the incidence of PONV
in our unit and investigate the potential causes.

Results

66 patients (40 female, 26 male) with a mean age of 52 years were included in the audit. The
case mix included spinal (51%) and cranial (49%) procedures; among the cranial cases 81%
were supratentorial cases and 19% were infratentorial. 7% patients had nausea and 3% vomited
in immediate recovery period. The incidence of nausea increased to 24% and vomiting to 9% in
the first 24 hours post surgery. Total intravenous anaesthesia (TIVA) was the anaesthetic
technigue in 67% of cases and none of the patient received nitrous oxide intraoperatively.
Prophylactic antiemitics were administered in 83% of patients. All patients received opioids for
postoperative pain.

Conclusion

The incidence of PONV in our patients was low compared to that previously reported1 and was
attributed to multiple factors including the high proportion of patients receiving TIVA, the non-
usage of N20 and the administration of prophylactic anti-emetics (dexamethasone, ondansetron
and cyclizine).
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[12] A summary of the first 32 neurosurgical operat  ions undertaken in the interventional
magnetic resonance imaging theatre at the National Hospital
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Departments of 1Neuroanaesthesia, 2Neurosurgery and 3Neuroradiology, The National Hospital
for Neurology and Neurosurgery, University College London Hospitals, London, UK

Introduction

The interventional magnetic resonance imaging theatre (iMRI) opened at the National Hospital for
Neurology and Neurosurgery in April 2009. This facility allows neurosurgeons to accurately
identify and treat lesions with immediate feedback on resection margins and operative
complications.1 Multiple challenges are involved and particular care must be taken to ensure
safety for patients and staff.2 This includes safety training and the continued presence of a safety
officer during cases. We conducted an evaluation of the first 32 cases performed in the iMRI.

Methods
The following data was collected: indication for iIMRI; case duration (anaesthetic, scanning,
surgical times); complications; critical incidents; the number of staff safety trained.

Results

32 iMRI cases have been performed in 10 months. Indications included supratentorial tumour
resection and epilepsy surgery. Case duration is illustrated in figure 1. Hypothermia is common
(despite active warming) and 5 patients developed pressure sores across the shoulders related to
the operating table design and length of procedure. 130 staff received safety training including 32
anaesthetists. Critical incidents included the inadvertent introduction of potentially hazardous
ferro-magnetic objects into the magnet room, but all were detected before a serious incident
occurred.

Conclusions

Case durations are long, mainly due to underlying surgical times with additional scanning times.
The IMRI is an unusual surgical environment and extra care is required handling ferro-magnetic
equipment. Careful planning (mock runs, safety training, pocket-less theatre scrubs) have
minimised critical incidents but continued vigilance is required due to the number of staff involved.
Long procedures increase risks of hypothermia and pressure sores, and measures should be
taken to reduce these complications.

References
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Figure 1
Anaesthetic, Scanning and Surgical Times in the iIMRI (n= 32 cases)
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[13] Survey of the extubation practices after elect  ive craniotomy

Kushakovsky V, Carey C, Littlejohn I.
Department of Anaesthesia, Hurstwood Park Neuroscience Centre, Brighton and Sussex
University Hospitals NHS Trust, UK

Introduction

Extubation after craniotomy should be smooth in order to minimise the risk of complications,
including intracranial bleeding.1,2 Furthermore, smooth and swift awakening allows prompt
neurological assessment. However, there is no universally accepted practice for achieving these
aims. We examined extubation practice amongst members of the Neuroanaesthesia Society of
Great Britain and Ireland (NASGBI).

Methods
We conducted an email survey regarding extubation practices for craniotomy. A questionnaire
was sent to the NASGBI Linkmen for distribution to all members of their departments.

Results

Fifty-six responses were received. Thirty-nine respondents (70%) extubate awake, while 17
(30%) extubate under deep anaesthesia. Anaesthetic agent preferences across both groups are
shown in figure 1. Remifetanil infusion is used by all but one respondent. Of those who extubate
awake, 47% switch off remifentanil infusion after an anaesthetic agent compared to 7% in the
‘asleep’ group (Chi-square, p=0.02). A significant proportion of the respondents (10 - 59%) who
extubate deep use airway adjuncts, mostly an oropharyngeal airway. Two respondents exchange
an endotracheal tube for an LMA. 12 out of 17 of respondents (70%) who practice deep
extubation group prefer a volatile agent (mostly sevoflurane) over infusion of propofol.

Conclusions

Despite a common goal of smooth extubation there is a wide variation in techniques and drugs
employed to achieve this. For deep extubation, exchange for an LMA at the end of the operation
is, in our opinion, underutilised. It is unknown whether extubation technique affects morbidity.
This should be investigated further in order to inform widespread practice.
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[14] Anaesthesia for MRI: knowledge and experience  among trainees and consultants

Mottram L-J, Farling P, McBrien M
Department of Anaesthesia, Royal Hospitals, Belfast, UK

Introduction

Magnetic Resonance Imaging (MRI) is a well established imaging technique with wide indications
in the elective setting that is being increasingly utilized for imaging critically ill adults.1
Consequently, anaesthetists who do not regularly work in MRI may be required to manage
patients when on-call. We sought to determine if gaps in training exist in this field of anaesthesia.

Methods

Two online surveys were conducted in February 2010; anaesthetic trainees in the Northern
Ireland Deanery and anaesthetic consultants in the local tertiary neurosurgical centre were invited
to participate via e-mail. Trainees in their first year were excluded.

Results

Thirty five consultants responded with over 50% having no experience of MRI at consultant level,
even though 70% worked in areas where MRI skills could be required.

Fifty three trainees responded, of which 38 had experience of anaesthesia for elective MRI (97%
supervised) and 34 had managed emergency or critical care patients for MRI (44% supervised).
However 45% of trainees felt they were not competent to manage a patient for MRI without direct
supervision. 63% of consultants agreed that trainees should not manage such patients if their
supervising consultant was not trained in MRI. Sources of knowledge on MRI for consultants and
trainees are shown in Figure 1.

Conclusions

We have demonstrated a need to formalize training for MRI in our institution and in the local
deanery; this is clearly a patient safety issue. We propose to meet this need by a combination of
e-learning and experiential sessions with defined competencies. This should increase the cohort
of anaesthetists who can safely provide optimal care in this unique environment. 2
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Figure 1
Sources of knowledge for trainees and consultants on MRI anaesthesia. Currently, formal teaching, the AAGBI guidelines
and elective experience are the biggest sources of training; web based learning is relatively under utilized.
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[15] Compliance with intracranial pressure manageme nt algorithm in head injuries: , a
retrospective audit

Queenan P, Lightfoot R, Eynon A
Neurointensive Care Unit, Southampton University Hospitals NHS Trust, Southampton, UK

Introduction

Implementation of evidence based protocols has been shown to improve outcome from severe
traumatic brain injury (TBI).1,2 This audit examines adherence to our neurointensive care unit
(NICU) protocol for the management of raised intracranial pressure (ICP). Compliance with such
protocols has not previously been reported.

Methods

We assessed the case notes of 50 randomly selected patients who had been admitted to the
NICU with TBI between August 2008 and July 2009. Compliance to the NICU protocol was noted
for each stage of management until maximal therapy was reached.

Results

130 patients were admitted to the NICU with TBI during the audit period. Overall mortality for this
group of patients was 11.5%. Of the 50 patients’ notes selected, 47 were male and 3 were
female. Median GCS was 8 (range 3-14) prior to intubation. Median time from admission to
maximal treatment on NICU was 14 h (range 2-316 h). Table 1 shows compliance with the raised
ICP management protocol. There was 100% compliance with level 1 treatment in two out of the
five therapy targets. ICP monitoring was not commenced in 10% of patients until level 2 therapy
targets were defined. Of the fifty patients, 11 underwent decompressive craniectomy. All 50
patients were discharged alive from NICU.

Conclusion

Use of protocols has been demonstrated to reduce mortality from severe TBI.1,2 Knowledge of,
and adherence to, protocols is necessary to improve clinical practice and ensure optimal patient
outcomes.
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Table 1

Compliance with therapy target for management of raised intracranial pressure during each stage
of care.

. Stage of Care Ngg:il;enrtgf Therapy Target Compliance
ESCﬁ:atIOH Cerebral perfusion pressure (CPE) mmHg 44/49*
treatment Pa02® 11kPa 50/50

Level 1 50 PaCO2 4.5kPa 50/50
Temp£37°C 35/50
Phenytoin loaded 15mg/kg 4/5%*

Intracranial Pressure(ICP) > 25mmHg and CPEE60mmHg

CPP optimized with fluids and vasopressors  37/37

Sedation changed from propofol to midazolam 37/37

Level 2 37 Commenced paralyisis with tracurium 20/37

Increased ventilation to reduce PaCO?2 to 4kPa 19/37

Central cooling to 35-3€ 10/37

ICP> 25mmHg and CPFEE60mmHg

Decompressive craniectomy 8/37

External Ventricular Drain Inserted 7137
Level 3 | 11 [ Central cooling to 31C 8/11

ICP> 25mmHg and CPEE60mmHg

Decompressive craniectomy 2/11

External Ventricular Drain Inserted 1/11
Level 4 | 2 | Thiopental induced coma 2/2

Decompressive craniectomy*** 1/2

* one patient was woken immediately after admission to NICU following evacuation of acute
subdural haematoma.

** phenytoin indicated in patients only with depressed or compound skull fracture.

*** one patient underwent decompressive craniectomy following failed response to thiopental
induced coma.



[16] Implementation of semi-recumbent position docu mentation to a Neurosurgical ITU
Rae A, Tanner O, McAdam G, Stewart L, Mintoff T
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Introduction

The semi-recumbent position (>300 head-up) may reduce ventilator-associated pneumonia (VAP)
in adults.1 Care bundles have been shown to reduce ventilator days and risk of VAP.2 We
audited the implementation of components of the VAP bundle in our neuro-intensive care unit; our
perception was that although the semi-recumbent position was utilised widely, it was not formally
documented.

Methods

After a poster campaign and staff education programme we introduced recording of head-up
positioning as part of the routine hourly nursing observations. The actual position data was
observed directly from each bed’s intrinsic goniometer. We audited compliance with the
documentation of patients’ position during a six-week period. Children and patients with spinal
injury, cardiovascular instability or receiving palliation only were excluded.

Results

55 patients were included in the audit (excluded: 4 children and 1 palliation). The case-mix
included 40 (73%) neurosurgical, 14 (25%) maxillofacial and 1 (2%) neurology patients. 15 (27%)
of the 55 patients were ventilated for > 48 hrs. The semi-recumbent position was documented in
27 (49%) out of 55 patients overall and the compliance with documentation is shown in table 1.

Discussion

In this unit there is a rapid turn over of patients; 33% were ventilated for less than 24hours and
only 27% for more than 48 hours. The overall rate of documenting patient position was low
(<50%) reflecting a newly introduced change to practice. When patient position was documented,
compliance with the new standard was not universal, although more than 50% of the daily
observations were made on 69% of occasions. The results of this audit have been presented to
unit staff and we propose a further cycle of audit aiming for >95% compliance.

References
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Table 1

Compliance with patient positioning documentation

Daily compliance with documentation* Proportion of time achieved (%)
<50% 31%
50-94% 30%
>95% 39%

* number of hourly observations recorded each day as a percentage of 24



[17] Peri-operative hypothermia at a regional neurosurgi  cal referral centre

Rae A, Robertson L, Urquhart C, Calder A, Walker E, Edgar P
Institute of Neurological Science, Southern General Hospital, Glasgow, UK

Introduction

Hypothermia is defined by the National Institute for Health and Clinical Excellence (NICE) as a
core temperature less than 360C.1 Hypothermia has negative effects on oxygen requirement,
myocardial function, coagulation, wound healing and post-operative outcome. The 2008 NICE
guideline highlights the importance of avoiding inadvertent peri-operative hypothermia.l
Neurosurgical patients are at increased risk of hypothermia for several reasons, including
mechanism of injury, concurrent drug/alcohol use, requirement for transfer of emergency patients,
impaired thermoregulation, surgical urgency and duration of surgery. A previous retrospective
audit at our institute revealed post-operative hypothermia in 33% of patients anaesthetised for
drainage of sub-dural haematomas (unpublished observations).

Methods
We conducted a two-week prospective audit of first recorded post-operative temperature in
patients undergoing general anaesthesia for neurosurgical intervention in our centre.

Results

Data was collected for 84 patients during the audit period. 17 patients (20%) left the operating
theatre complex outside normal recovery room hours (8am-9pm). 39 patients (46%) had initial
post-operative temperatures <360C. The incidence of hypothermia was similar in patients
recovered out of hours compared to those recovered in hours.

Conclusions

A significant proportion of patients were hypothermic at the end of surgery. Hypothermia in
neuroanaesthesa and critical care remains controversial. This audit confirms that greater
emphasis needs to be focused on recording and appropriately managing peri-operative
temperature.
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[18] Thromboprophylaxis in neurosurgery

Ratnayake A, Walia S, Huggins N
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Birmingham, UK

Introduction

Thromboprophylaxis is vital to minimise the risk of thrombotic complications in hospital in-
patients; neurosurgical patients are one of the highest surgical risk categories.1 However
controversy exists as to whether the National Institute for Health and Clinical Excellence (NICE)
guidelines are appropriate for all neurosurgical patients because of concerns regarding the
potential increased risk of bleeding associated with pharmacological prophylaxis. We audited the
adherence to the NICE guideline on thromboprophylaxis in neurosurgical patients at University
Hospital Birmingham (UHB).

Methods

We conducted a prospective audit of 100 consecutive patients undergoing elective and
emergency neurosurgery at UHB. Data were obtained from clinical notes, and by reviewing the
patient to check the presence of graduated elastic compression stockings (GECS).

Results

All the patients in our audit were fitted with GECs in the peri-operative period. In the high risk
group, 16 (23%) received low molecular weight heparin (LMWH) within the first 24 hours and 40
(60%) had received it by postoperative day 2. Twenty three patients (35%) had not received
LMWH by day 3. Twenty four (51%) patients in the high risk category received a sub-therapeutic
dose of LMWH. In the moderate risk group, fewer than 25% of patients received LMWH during
their stay.

Conclusions

This audit highlights the variation in administration of LMWH in neurosurgical patients at UHB and
suggests that practice needs to be reviewed. It also highlights the importance of regular,
department-wide review and consensus on thromboprophylaxis in neurosurgical patients, in
conjunction with continuing audit of effect.

Reference

1. National Collaborating Centre for Acute Care. Venous Thromboembolism: reducing the
risk of venous thromboembolism (deep vein thrombosis and pulmonary embolism) in inpatients
undergoing surgery. National Institute for Clinical Excellence, London 2007
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Introduction

Approximately 20% of patients with myasthenia gravis (MG) will suffer from a myasthenic crisis
during the course of their disease. The prognosis of myasthenic crises has declined in the last 50
years from 40% to about 5%. We present a 10 year retrospective review of patients with
myasthenic crisis admitted to a neurological intensive care unit (NICU).

Methods
Patients with myasthenic crisis admitted to our NICU between 2000 and 2009 were identified
from the ICU register; case notes for all these patients were retrospectively reviewed.

Results

44 patients were admitted in myasthenic crisis during this period; 5 had multiple admissions. The
mean age at admission was 55.5 years; 29 patients were female. Mean duration of MG at ICU
admission was 2.6 years. 84% of patients were acetylcholine receptor antibody positive, 9% were
positive for anti-MuSK antibodies and 7% were seronegative. 30% of the patients had had a
previous thymectomy. In all cases, ICU admission was required because of respiratory failure,
with 68% requiring mechanical ventilation (mean duration 16 days). Infection was identified as the
precipitating cause in 15 cases (35%). 80% of patients were treated with intravenous
immunoglobulin and 11% received plasma exchange. The mean duration of ICU stay was 18.5
days. There were 3 deaths (7% mortality rate), all due to sepsis.

Conclusions

Myasthenic crisis is a serious complication of MG and is associated with significant mortality.
Sepsis remains a potent precipitant of respiratory failure in MG and contributes to the mortality of
such patients. The 7% mortality in this series may reflect the referral patterns of complex patients
to a specialist neuromedical ICU.

References
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Introduction
We describe the management of a patient with complex cardiac disease on warfarin presenting
with an atraumatic subdural haematoma (SDH) requiring urgent evacuation.

Case Report
A 47 year old female presented with headache and collapse. She was known to have a corrected

truncus arteriosus, atrial flutter and chronic biventricular dysfunction. A CT scan demonstrated a
subacute SDH with mass effect (figure 1). An echocardiogram showed severe biventricular
dysfunction, pulmonary valve conduit and a prosthetic mitral valve. The INR at presentation was
4.5 consistent with warfarin use and was reduced to 1.4 following the administration of Beriplex
and Phytonadione. On examination she was haemodynamically stable with a GCS of 13/15.
Invasive haemodynamic monitoring was established prior to induction of anaesthesia for burr
holes using a modified rapid sequence technique. The trachea was intubated and anaesthesia
maintained with desflurane in oxygen enriched air, and continuous remifentanil infusion at
0.2mcg/kg/min. Blood pressure was maintained within 10% of baseline with metaraminol and
ephedrine bolus. Haemoglobin and acid-base balance was monitored and no blood transfusion
was required. Post-operatively, tracheal extubation was uneventful and the remifentanil infusion
was stopped when she was moving all four limbs with a GCS of 15/15.

Discussion

Preservation of cerebral perfusion pressure is required to prevent secondary brain injury.
However, general anaesthesia and vasopressor use can lead to cardiovascular collapse,
particularly in patients with left ventricular impairment and pulmonary hypertension. In this
patient, despite earlier truncus correction, the presence of severe biventricular failure, atrial flutter
and pulmonary hypertension required a careful anaesthetic approach, balancing these potentially
conflicting requirements.

Figure
CT scan showing subdural haematoma and mass effect
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Introduction

Aneurysmal rupture causing subarachnoid haemorrhage (SAH) is a serious disease with an
incidence of approximately 8 per 100,000 per annum in the UK.1 Increased safety of coiling over
clipping was demonstrated in the International Subarachnoid Aneurysm Trial (ISAT).2 We
conducted an audit to evaluate the short term outcomes after coiling of intra-cerebral aneurysm in
our unit.

Methods

We designed a prospective audit that included all patients (n=21) who underwent coiling during a
4 week period. Patients were followed from admission to the neurocritical care unit (NCCU) until
their discharge from hospital or death.

Results

The age range was 31 to 72 years and the female to male ratio 16 to 21. The preoperative World
Federation of Neurological Surgeons (WFNS) grading of the SAH and outcome are shown in
table 1. Four of the 21 patients required post operative ventilation, 3 because of intracranial
bleeding during coiling and 1 because of post-coiling vasospasm. 13 patients were discharged
from the NCCU by the second day and 5 by the third day post coiling. Four patients required
more than 4 days management on the NCCU (maximum length of stay 21 days). 15 patients
were discharged from the hospital without deficit, 5 with a neurological deficit and 1 patient died.

Conclusion

There was no correlation between preoperative WFENS grade of SAH and short term outcome in
this audit. Intra-operative complications (vasospasm and intracerebral haemorrhage) on the other
hand did influence short term outcome.
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Table 1
Outcome of patients with respect to their WFNS grading (n=21)

WFNS grade 1 2 3 4 5
No of patients 12 5 1 2 1
Discharge 11 3 1 0 0
Discharge with deficit 1 2 0 1 1
Death 0 0 0 1 0

WFNS, World Federation of Neurological Surgeons
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Introduction

Fluid balance is important in non-neurological critical care, where positive fluid balance is
associated with worse outcomes.1 For severe traumatic brain injury (TBI) there is weak evidence
that positive fluid balance over the first four days is associated with improved outcome.2 Brain
Trauma Foundation (BTF) guidelines do not recommend specific fluid balance targets.3

Methods

A guestionnaire was made available to 2500 members of the UK Intensive Care Society and 440
members of the Australia and New Zealand Intensive Care Society Clinical Trials Group on
www.surveymonkey.com. The denominator used for calculation of percentages is the number of
respondents starting the survey.

Results

64 respondents began the survey; 43 completed it. 91% of respondents were consultants and
73% work in a hospital that uses a protocol for the management of intracranial pressure (with
91% of these using a BTF-based protocol). 44% and 48% respectively answered correctly that
the BTF made no fluid balance recommendations. Only 5 of 47 protocols had any target for fluid
balance. In personal practice 25% of respondents never set daily fluid balance targets in TBI
while 20% always do.

Conclusions

The low response rate and incomplete surveys precludes in-depth discussion. Lack of knowledge
may reflect lack of interest in fluid balance or vice versa. Similar proportions of intensivists
considered fluid balance important or irrelevant in patients susceptible to secondary injury from
hypovolaemia or oedema. Clinical trials are required in this area and their design should be
informed by examination of TBI databases that might reveal associations between fluid balance
and clinical outcomes.
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Introduction

We report the use of bilateral bispectral index (BIS) monitoring during anaesthesia for intracranial
aneurysm surgery. We suggest that this is useful for the monitoring burst suppression and may
be useful in detecting cerebral hemispheric hypoperfusion during the application of temporary
arterial clips during surgery.

Case report
A 61 year old man underwent right sided craniotomy for the clipping of a large anterior

communicating artery aneurysm. He had no significant cardiovascular or respiratory history.
Anaesthesia was induced with propofol and remifentanil and intubated was facilitated with
rocuronium. Anaesthesia was maintained with sevoflurane and a remifentanil infusion. A
metaraminol infusion was commenced to maintain arterial pressure. Bilateral BIS sensors were
placed in the usual manner. The surgical technique necessitated the placement of two temporary
arterial clips and the complexity of the aneurysm meant that the clips were anticipated to be in
place for a prolonged period. We therefore electively induced burst suppression with thiopental,
guided by the raw EEG data on the BIS monitor. The effect on right and left BIS values is seen in
figure 1. In reality the clips were only required for a short period and no further effects on BIS
were seen.

Discussion

The use of bilateral BIS monitoring to monitor hemispheric perfusion has previously been
reported in carotid surgeryl and to our knowledge this is the first report in neurosurgery. In this
case there were no differential effects on BIS during the brief clipping but BIS monitoring did
prove useful in guiding the dose of thiopental for burst suppression.

Reference
Kodaka et al. J Clin Anesth 2009;21:431-434

Figure 1
BIS changes during thiopental infusion
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8.4% Sodium Bicarbonate reduces raised intracranial pressure after traumatic brain injury
[Published in Critical Care 2010, 14 (Suppl 1) :P290]

Chris Bourdeaux, Jules Brown [@]R¥A\RIM =SS S \NIVAY RG]\

Frenchay Hospital, Bristol

Introduction

The aim of this study was to determine the efficacy of 8.4% sodium bicarbonate for intracranial
pressure (ICP) reduction in adult patients with severe traumatic brain injury (TBI) and intracranial
hypertension.

Methods

The study examined 10 episodes of ICP > 20mmHg in 7 patients with severe TBI. 85ml of 8.4%
sodium bicarbonate was infused over 30 minutes when osmotherapy was indicated after standard
care (ICP>20mmHg for >5mins). ICP, mean arterial pressure (MAP), and cerebral perfusion
pressure (CPP) were recorded at baseline and then continuously for 6 hours. Serum pH, pCO2,
[Na+], and [CI-] were measured at baseline, 30 minutes, 60 minutes and then hourly for 6hours.
Serum osmolality was measured at baseline and at 6 hours in 3 patients. All other care was
identical to the institutional protocol for the management of raised ICP.

Results

At the completion of the infusion, the mean ICP was reduced to 36.2% of baseline, from 28.5
mmHg(+/-2.62) to 10.33mmHg (+/-1.89). Mean ICP remained below 20mmHg for 6 hours. (Fig 1)
CPP was increased after the infusion due to the effect on ICP. MAP did not change.

Mean pH was elevated at t=30mins (from 7.45+/-0.02 to 7.50 +/- 0.02) and remained elevated for
the duration of the study period.

Serum [Na+] increased (from 145.4 +/-1.9mOsm/l) to 147.1+/- 1.9mOsm/l) at 30mins. pCO2 did
not change. Osmolality was elevated.

Conclusions
85ml of 8.4% sodium bicarbonate infused over 30 minutes is effective at reducing sustained
ICP>20mmHg to within accepted treatment targets (ICP<20mmHg) for at least 6 hours.

Figure 1
Mean ICP vs time
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Sponsors’ statements

Integra LifeSciences Corporation %INTEGRA

Integra LifeSciences Corporation is a diversified medical technology company that develops,
manufactures, and markets medical devices for use in a variety of applications. The primary
applications for our products are neuro-trauma and neurosurgery, plastic and reconstructive
surgery and general surgery. However our surgical instrument product lines are used in virtually
all surgical disciplines, including general, plastic and reconstructive, neuro, ear, nose and throat,
cardiovascular, ob-gyn, and ophthalmic surgical procedures.

Nordic Surgical /ﬁ\ Nordic Surglcal S
Nordic Surgical Ltd is the UK partner of Augustine Biomedical — manufacturers of the
revolutionary Hot Dog air-free patient warming system. Invented by the same team who brought
Bair Hugger to the market 25 years ago, Hot Dog is the Next Wave in patient warming.

Gone are the noisy, dirty, environmentally unfriendly and very expensive blowers and disposables
to be replaced by a product that is not only more effective and efficient, but cleaner, greener and
significantly cheaper too.

Come and visit us so we can show you how to warm all of your patients to NICE guidelines, help
prevent Surgical Site Infections and offer a better standard of care whilst actually saving many
thousands of pounds.

ProStrakan Group plc [0 ProStrakan

ProStrakan Group plc is one of Europe’s fastest growing speciality pharmaceutical companies.
ProStrakan is engaged in the development and commercialisation of prescription medicines for
the treatment of unmet therapeutic needs in major global markets.

Our headquarters and development capabilities are based in Galashiels, Scotland. ProStrakan
market a range of specialist products through commercial operations based in the UK, Europe
and the US where, in addition to country-specific products, our principal pan-European products
are Xomolix, Tostran, and Rectogesic.

ProStrakan’s goal is to build a significant international speciality pharmaceutical company based
on a self-sustaining business model. At its most simple, that means bringing products to market —
either from our development portfolio or by in-licensing, to be sold by our own sales forces in
major markets. The revenues from increasing product sales will, in turn, provide for greater
investment in development and geographic expansion.

Schering-Plough UK ...a part of MSD e MSD

Today's MSD is a global healthcare leader, working to help the world be well.

Through our medicines, vaccines, biologic therapies, and consumer and animal products, we
collaborate with human and animal health professionals across the UK and in more than 140
countries to deliver innovative health solutions.

Beyond this, we have a commitment to increasing access to healthcare through far-reaching
programmes that donate and deliver our products to people who need them.

For more information, please go to www.msd-uk.co.uk .




Drager Medical Drager

Dragerwerk AG & Co. KGaA is an international leader in the fields of medical and safety
technology. Drager products protect, support and save human life. Founded in 1889 Drager
employs around 11,000 people in more than 70 subsidiaries worldwide and has representation in
around 190 countries. The Drager Medical subsidiary offers products, services and integrated
system solutions which accompany the patient throughout the care process — Emergency Care,
Perioperative Care, Critical Care, Perinatal Care, Architectural Systems and Lifecycle Solutions.

Draeger Medical UK Ltd, located in Hemel Hempstead, offers products, services and integrated
CareArea™ Solutions throughout the patient care process. Drager Medical UK’s goal is to
provide solutions that support patient centred processes for high quality and effectiveness, which
are also more cost effective. For more information, visit www.draeger.co.uk

Codman COdman
a fohmonafohmson company
Codman, a division of Johnson & Johnson Medical Ltd develops and markets a wide range of
diagnostic and therapeutic products for the treatment of central nervous system disorders. Our
focus is on Intractable Pain & Spasticity Management, Paediatric & Adult Hydrocephalus, Neuro
Critical Care, and Neuro Vascular Diseases. Our product line includes Intrathecal Drug Pumps,
Cerebrospinal Fluid Shunts, Advanced Neuro-Monitoring, Electrosurgical Systems, and Coiling
and Stent systems. We also represent a premier line of surgical instruments for all specialties in

the Operating Room.



meals

a simple solution
to world hunger

Arrangements have been made for donation of conference bags to Mary’s Meals, an international
charity which sets up school feeding projects in communities where poverty and hunger prevent
children from gaining an education. You can read about the Backpack project here:
http://www.marysmeals.org/backpacks.html. We hope you'll consider donating your bag at the
end of the conference — in addition to some basic materials (e.g. a pencil, rubber, pad of paper,
old tennis ball etc). There will also be an opportunity to make a small donation to Mary's Meals at
the conference.
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