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IMPORTANT: This manual provides general advice to trained 
anaestheƟsts who should at all Ɵmes exercise their clinical 
judgement about the most appropriate clinical management for an 
individual paƟent.  Local variaƟon in pracƟce does occur and it is 
always best pracƟce to discuss any concerns with senior help. 
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Principles of Neuroanaesthesia  
 
General aims of neuroanaesthesia should include:  

 

1. Avoiding secondary cerebral insult  

 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
2. Maintenance of CPP 

3. Avoidance of rises in ICP 

4. To facilitate swiŌ recovery from anaesthesia to assess neurological status 

 

 

 

 

 

 

  

 
- Avoid obstrucƟng venous return 

- Maintain PaO2 > 13kPa 

- Maintain PaCO2 at 4.5 – 5.0 kPa 

- Maintain CPP at 60 – 70 mmHg 

- Normoglycaemia (6 – 10 mmol/L) 

- Maintain normothermia (36 – 37) 
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Pre-operaƟve  

 

Take a standard anaestheƟc history and examinaƟon and review relevant invesƟgaƟons 

(including CT, MRI). ParƟcular aƩenƟon should be paid to:  

 

- The risk of aspiraƟon. A raised ICP is associated with nausea and vomiƟng and the 

presence of either of these features, in addiƟon to reflux and non-fasted state, may 

necessitate an RSI.  

 

- The presence of cervical spine instability. Post-trauma or in cases of cervical 

decompression the cervical spine may be unstable. In non-trauma cases discuss with the 

paƟent their range of their neck movement and the presence of any nerve root symptoms. 

Review relevant imaging and discuss any concerns with the surgeon before determining a 

strategy for airway managements. This may involve minimal force laryngoscopy with 

either direct, or video, laryngoscopy or awake fibreopƟc techniques.  The use of manual 

in-line stablisiaƟon (MILS) techniques is contenƟous, with most evidence now suggesƟng 

that it makes laryngoscopy more difficult and there is a low risk of addiƟonal damage to 

the cervical spine.  Discuss with your local department about the consensus opinion 

regarding the use of MILS if you have concerns about this in pracƟce. 

 

- The presence of raised ICP. Assess for symptoms or signs of raised ICP. Imaging may also 

provide addiƟonal informaƟon with the appearances of “a Ɵght brain”. If present 

parƟcular care must be taken to avoid rises in ICP, for example during laryngoscopy.  
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Symptoms and signs of a raised ICP 1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
- Neurological status. Assess and document neurological status pre-operaƟvely. This 

should include GCS, pupillary reflexes, the presence of any cranial nerve or sensory deficit 

and any motor weakness.  

 

Finally:  

- Discuss with the surgeon. Discuss the paƟent posiƟon intra-operaƟvely, the need for 

dexamethasone or anƟ-epilepƟc administraƟon, the esƟmated blood loss and likely 

duraƟon of the operaƟon.  

- Determine post-operaƟve desƟnaƟon. Determine post-operaƟve desƟnaƟon (ward, 

HDU, ITU) based on co-morbidiƟes, pre-morbid status and anƟcipated post-operaƟve 

status.  

- Discuss with the paƟent. Discuss the anaestheƟc plan, the use of invasive monitoring 

where intended, posiƟoning (if prone, park-bench), post-operaƟve analgesia and 

anƟcipated post-operaƟve desƟnaƟon with the paƟent. Answer all quesƟons where 

possible. 

Early Signs 
 

- Headache 
- Nausea and vomiƟng 
- Seizures 
- Papilloedema 
- Focal neurology 

 
Late Signs 
 

- Decreased GCS 
- Hypertension 
- Bradycardia 
- Abnormal respiraƟon 
- Pupillary dilataƟon 
- DecorƟcate posturing (leg extension, arm flexion) 
- Decerebrate posturing (leg and arm hyperextension) 
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Peri-operaƟve 
  

- Determine the need for invasive monitoring and whether this needs to be sited pre-

inducƟon, for example significant cardiac co-morbidity. “Surgical” indicaƟons for invasive 

blood pressure monitoring include risk of significant blood loss and requirement for intra-

operaƟve ABG analysis.  

 

- Factors such as a decreased GCS, the risk of aspiraƟon, the need to control PaCO2, a 

remote airway, prolonged operaƟng Ɵme and paƟent posiƟoning oŌen mean that 

intubaƟon with an endotracheal tube is the norm.  

 

- Whether RSI or not, aims of inducƟon should be to opƟmise intubaƟon condiƟons, whilst 

producing minimal haemodynamic disturbance and avoiding a rise in ICP caused by 

laryngoscopy.  

 

- Whilst there are numerous described methods of obtunding the pressor response to 

laryngoscopy, e.g. lidocaine, 1mg/ kg, the most common method is to use propofol 

together with an appropriate dose of opiate 2:  

 

o Fentanyl 2 - 3 mcg / kg  

o Alfentanil 7.5 – 10mcg / kg  

o Remifentanil 0.5mcg / kg / min  

 

- Having confirmed intubaƟon secure the airway carefully (tape and two “trouser-legs”). 

Avoid obstrucƟng venous return.   

 

- Avoid hypotension post-inducƟon. In cases of known or suspected raised ICP classic 

teaching is to maintain MAP > 80mm Hg. The recently updated Brain Trauma FoundaƟon 

Guidelines suggest maintaining SBP  100mm Hg (for paƟents aged 50 – 69) or at  
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110mm Hg for paƟents 15 – 49 or over 70. It is likely these values will be similar – the key 

remains to avoid hypotension.5  

 

- In certain cases, (e.g. blown pupil) it may be more appropriate, where the ICP is unknown, 

to maintain MAP at pre-inducƟon values if there was significant hypertension. If and when 

the ICP is known maintain CPP at 60 – 70mmHg.  

 

- Either volaƟle (isoflurane, sevoflurane, desflurane) or propofol infusion can be used to 

maintain anaesthesia. Nitrous oxide and halothane should be avoided as they can 

significantly increase CBF and ICP.  

 

- Remifentanil infusion can be used together with either volaƟle or TIVA technique. The 

advantages are a reduced anaestheƟc requirement, a more rapid recovery from 

anaesthesia and the suppression of the cough reflex.  

 

- The laƩer effect means that, with care, the paƟent in Mayfield pins or in the prone 

posiƟon can be anaestheƟsed without further neuromuscular blockade. If remifentanil 

infusion is not employed these paƟents should receive subsequent doses of 

neuromuscular agent as guided by peripheral nerve sƟmulator monitoring.  

 

- Ensure large-bore IV access.  

 
- Site oropharyngeal temperature probe and urinary catheter (if required).  

 
- Transfer the paƟent to the operaƟng theatre and posiƟon them on the operaƟng table. 

Ensure circuit connecƟons are secure before draping.  

 

- ConƟnue maintenance and begin IPPV - either pressure or volume control can be used.  

 

- If an arterial line is present obtain an ABG sample and use it to calibrate the ETCO2 to the 

PaCO2. Target a PaCO2 of 4.5 - 5kPa and a PaO2 > 13 kPa.  
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- Ensure the paƟent is wearing TEDS and apply Flowtrons. Connect the fluids via a fluid 

warmer and apply a paƟent-warming blanket.  

 

- If the paƟent is to be placed in Mayfield pins, ensure adequate depth prior to pinning (e.g. 

increasing remifentanil to 0.5 mcg / kg / min or TCI 5 – 6 ng/ml for duraƟon of pinning).  

 

- Intravenous fluids should be used with the aim of maintaining normovolaemia and 

ensuring adequate end-organ perfusion. Excessive fluid administraƟon can worsen 

cerebral oedema. Simple markers such as urine output, base deficit and serum lactate are 

useful in determining adequate end-organ perfusion.  

 

- If remifentanil infusion has been used, addiƟonal morphine, fentanyl or oxycodone can 

be administered towards the end of the procedure.  

 

- Analgesic requirements are oŌen not significant. Following closure, the surgeon will 

administer local anaestheƟc to the incision site and this, together with intravenous 

paracetamol and a small amount of strong opiate is oŌen all that is required. Avoid NSAIDs 

as these may interfere with platelet funcƟon.  

 

- If extubaƟon is planned extubate when the usual criteria for extubaƟon are met – the 

presence of airway reflexes, spontaneous respiraƟon and obeying commands. The laƩer 

criteria are parƟcular important if pre-operaƟve GCS was reduced or post-operaƟve GCS 

is expected to be reduced.  
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Post-operaƟve  
 
- Transfer the paƟent to recovery. Include pre-operaƟve GCS and the presence of any pre-

exisƟng focal neurology as part of the handover to recovery staff.  

 

- The presence of new neurological signs or a persistently reduced GCS should prompt 

urgent neurosurgical review to assess for post-operaƟve bleeding.  

 

- Post-operaƟve analgesic requirements are oŌen not significant. Prescribing regular 

paracetamol, regular codeine and PRN oramorph or oxycodone is oŌen sufficient. 

Occasionally paƟents may require a PCA.  

 

- ConƟnue fluid strategy as before – aiming to restrict excessive fluid administraƟon whilst 

preserving end-organ perfusion. 
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Airway Management in TraumaƟc Brain Injury 
 

- IndicaƟons for intubaƟon post head-injury are listed in the text box below. 

 
IndicaƟons for intubaƟon Post-Brain Injury 1, 3, 27 

 
- If the cervical spine has not been cleared or spinal injury is suspected, minimal force 

laryngoscopy should be uƟlised.  The recommendaƟon from the Difficult Airway Society 

is that MILS makes intubaƟon more difficult, and the risk of cervical injury is low (although 

the evidence is low grade)30. 

 

Airway 
 
- Loss of airway reflexes 
- Significant bleeding into the airway 
 
Breathing 
 
- Hypoxia – PaO2 < 13 kPa 
- Hypercarbia – PaCO2 > 6 kPa 
- Spontaneous hypervenƟlaƟon (PaCO2 < 4 kPa) 
 
Disability 
 
- GCS  8 
- Seizures 
 
Other 
 
- To facilitate CT scanning 
- Before transfer to a Neurosurgical Unit AND: 

o Significantly deterioraƟng conscious level (e.g. fall in GCS of  2 
points, or a fall in motor score of  1 point) 

o Bilateral fractured mandible 
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- The dose and type of inducƟon agent(s) chosen should be selected with the aims of rapidly 

securing the airway with minimal haemodynamic disturbance and minimal rise in ICP.  

 

- Where possible siƟng an arterial line pre-inducƟon can allow more rapid detecƟon and 

treatment of hypotension. 

 

- In the uncomplicated airway a modified RSI using a reduced dose of thiopentone or 

propofol together with an opiate (alfentanil, fentanyl) and neuromuscular blocking agent 

(suxamethonium or rocuronium) can be used.  

 

- A vasopressor (e.g. metaraminol) should be drawn up to treat any hypotension.  

 

- The use of ketamine in TraumaƟc Brain Injury is contenƟous. Ketamine has been thought 

to cause a rise in ICP and previously avoided in the head injured paƟent, as well as other 

areas of Neuroanaesthesia.  The evidence for this is weak however – there is no clear 

evidence that it increases ICP or causes harm in brain injury. 

 

- Ketamine has a more favourable haemodynamic profile than propofol and has gained 

widespread usage in polytrauma paƟents, including those with head injuries, both in a 

Pre-Hospital and Emergency Department seƫng.  

 

- The decision whether or not to use ketamine should be determined considering several 

factors including haemodynamic state, operator familiarity with the drug and the 

presence or absence of extra-cranial injuries.  

 

- Secure tube well (two trouser-leg tapes as a minimum) and ensure venous return is not 

obstructed by this.  
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Top 10 Ways to OpƟmise the Brain Injured PaƟent 
 

1. VenƟlate to maintain PaCO2 at 4.5 – 5.0 kPa 

- Cerebral blood flow (CBF) is linearly related to PaCO2.  It increases by 2 – 4% per 1 mmHg 

rise in PaCO2 (15 – 30% per 1kPa rise in PaCO2) 4 

- HypervenƟlaƟon, although reducing CBF and ICP, also reduces cerebral perfusion and may 

worsen ischaemia.  It can be used as a temporising measure in the treatment of raised 

ICP.  However, the opƟmal degree of hypervenƟlaƟon remains unclear. 3, 5 

- AAGBI guidelines recommend hypervenƟlaƟon (PaCO2 4.0 – 4.5 kPa) if clinical or 

radiological evidence of raised ICP. 3 

- Current Brain Trauma FoundaƟon (BTF) guidelines recommend against prolonged 

prophylacƟc hypervenƟlaƟon below a PaCO2 of 25 mmHg (3.3 kPa). 5 

- Calibrate ETCO2 to PaCO2 by arterial blood gas analysis. 

 

2. Avoid hypoxia 

- Hypoxia, defined as SaO2 < 90% or PaO2 < 60 mmHg (8 kPa) increases morbidity and 

mortality from severe traumaƟc brain injury. 5 

- Maintain PaO2 > 13 kPa 

- Whilst use of PEEP will increase ICP to a degree, hypoxia is more likely to have a 

detrimental effect on paƟent outcome. 

 

3. Avoid hypotension / Maintain CPP 

- Hypotension increases morbidity and mortality in severe traumaƟc brain injury (TBI). 

- In severe TBI a single episode of hypotension (SBP < 90 mmHg) was shown to double 

mortality versus a matched group of paƟents. 6  

- Maintain CPP at 60 – 70 mmHg 

- Current Brain Trauma FoundaƟon Guidelines recommend a Cerebral Perfusion Pressure 

(CPP) of 60 – 70 mmHg. 5 

 

o CPP = MAP – ICP 
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- Classically a MAP > 80 was targeted to achieve a CPP > 60 – unmeasured ICP in paƟents is 

assumed to be 20 mmHg. 

- Current Brain Trauma FoundaƟon Guidelines recommend: 5  

 

o SBP  100 mmHg for paƟents aged 50 – 69. 

o SBP  110 mmHg for paƟents aged 15 – 49 or  70. 

 

- A vasopressor may be required (metaraminol, noradrenaline) to maintain MAP and offset 

the hypotensive effect of anaesthesia. 

 

4. Avoid excessive fluid administraƟon 

- Consider carefully fluid strategy with an aim to maintain normovolaemia. 

- Aim to achieve a balance of maintaining end-organ perfusion without worsening cerebral 

oedema through excessive fluid administraƟon.  

- With increased sodium content, 0.9% Normal Saline (Na+ 154 mmol/ l) is oŌen used, 

Hartmann’s soluƟon (Na+ 131 mmol/ l) or Plasmalyte (Na+ 140 mmol/ l) are also used.  

- Avoid hypotonic fluids (e.g. 5% dextrose). 

 

5. Treat raised ICP promptly 

- Without an ICP monitor the first signs of raised ICP may be “late signs” of hypertension, 

bradycardia, and pupillary dilataƟon. 

- TherapeuƟc strategies are discussed in detail later but may include surgical treatment, 

osmotherapy, furosemide, cooling and paralysis. 

 

6. Maintain normoglycaemia 

- Hypoglycaemia and hyperglycaemia can worsen the injury. 

- Aim to maintain normoglycaemia.  Blood glucose 6 – 10 mmol L 

 

7. Promptly treat any observed seizures 

- Clinically observed seizures may be seen in up to 12% of paƟents following severe TBI. 5 

- Seizure acƟvity is associated with increased cerebral metabolism and can worsen 

secondary injury. 
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- AnƟ-epilepƟc drugs, phenytoin or leveƟracetam, are used to reduce the incidence of early 

post-traumaƟc seizures (within 7 days of injury). 5 

 

8. Maintain normothermia (36 – 37) 

- Cerebral Metabolic Rate (CMR) is related to body temperature – at 37C for every 1C fall 

in body temperature CMR decreases by 7%. 4 

- Hyperthermia causes increased CMR and should be avoided.  The evidence concerning 

hypothermia is more complex: 

 

o Hypothermia may be neuroprotecƟve – reducing CMR and ICP.  It has been used 

prophylacƟcally, prior to the development of raised ICP, and therapeuƟcally, to 

treat refractory raised ICP. 5, 11 

o A recent meta-analysis has suggested hypothermia may cause worse outcomes.  

Trauma paƟents, including those specifically with TBI, admiƩed with accidental 

hypothermia were observed to have increased mortality (OR 2.38, 95% CI 1.53 – 

3.69). 28 

o The BTF Guidelines state early (< 2.5 hours), and short-term (<48 hours) 

prophylacƟc hypothermia is not recommended to improve outcome. 5 

o The role for therapeuƟc hypothermia remains unclear – management algorithms 

oŌen include mild hypothermia (34 – 35C) as an opƟon for treaƟng refractory 

intracranial hypertension. 11 

 

A pragmaƟc view of the available evidence would be to maintain normothermia in elecƟve 

neurosurgical paƟents and emergency neurosurgical paƟents on admission.  TherapeuƟc 

hypothermia is likely reserved as a treatment opƟon in selected cases with refractory 

intracranial hypertension on ICU. 

 

9. Ensure opƟmal venous drainage 

- Avoid obstrucƟon to venous drainage (twisted neck posiƟon, Ɵghtly tying ETT tubes) and 

posiƟon 15 – 30 head up. 
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10. IdenƟfy any other serious injuries 

- A systemaƟc evaluaƟon of the paƟent is essenƟal to idenƟfy any other life-threatening 

injuries that may take priority over the head injury (e.g. tension pneumothorax, 

ruptured spleen) 
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Neurophysiology 
 

- As with all anaesthesia a key principle in neuroanaesthesia is maintaining the delivery of 

oxygenated blood to the target end-organ – the brain.  Ischaemia occurs when the 

perfusion of brain Ɵssue does not meet its metabolic demands. 

 

- Normal CBF is  50ml/100g/min.  AutoregulaƟon ensures this is maintained over a wide 

range of perfusion pressure (MAP  50 – 150 mmHg) 4 

 

 
- CPP = (MAP – JVP) – ICP.  (OŌen simplified to: CPP = MAP – ICP) 

 

- Factors that impair CPP can be divided into those that lower the MAP and those that raise 

the ICP.  Those lowering the MAP include: 

 

o Hypovolaemia 

o VasodilataƟon 

o Impaired contracƟlity 
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- Normal ICP is 5 – 15 mmHg.  Classically treatment was iniƟated when ICP exceeds 20 

mmHg.  The recent Brain Trauma FoundaƟon Guidelines state an ICP of 22 mmHg as being 

associated with increased mortality. 5 

 

- The contents of the normal cranium include: brain Ɵssue (1500g), blood (100 – 150ml) 

and CSF (120ml), extracellular fluid (<100ml). 7 

 

- The Monroe-Kellie doctrine states that the rigid cranium has a fixed volume.  If ICP is to 

be maintained, an increase in volume of one of the contents of the cranium must lead to 

an opposite decrease in the volume of another of the cranial contents. 4, 8 

 

- This compensaƟon is limited – only 100 – 150ml of addiƟonal volume can be tolerated 

before the ICP cannot be maintained 9.  The intracranial pressure-volume curve is 

illustrated below. 4, 8, 9 
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- Factors that can cause a rise in ICP include: 

1. Increased Ɵssue volume – e.g. brain tumour. 

2. Increased blood volume – e.g. intracranial haemorrhage 

3. Increased CSF volume – e.g. congenital hydrocephalus 

4. Increased extracellular fluid volume – e.g. cerebral oedema. 

 

- Changes in CBF can cause significant increases in blood volume and therefore ICP. 

 

- CO2 can affect CBF significantly – a change of 1 kPa in PaCO2 can cause a rise of 15 – 30% 

in CBF.  O2 affects CBF to a lesser degree – only causing an increase when PaO2 falls below 

8 kPa. 4 

 

 
 

- Cerebral oedema also contributes to a raised ICP.  Excessive fluid administraƟon, 

especially of hypotonic fluid, worsens ICP. 

 

- Fluid strategies should be balanced to ensure maintenance of adequate end-organ 

perfusion without significantly worsening cerebral oedema. 
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- A raised serum osmolality encourages the movement of water via osmosis from cerebral 

Ɵssues to the circulaƟon, thereby reducing cerebral oedema and ICP. 

 

- Hypotonic fluids should therefore be avoided.  Isotonic and even hypertonic fluids should 

be used with the aim of achieving mild hypernatraemia (Na+ 145 – 150). 

 

- As stated above ischaemia occurs when the perfusion of brain Ɵssue does not meet its 

metabolic demands.  As well as factors that impair perfusion, factors that increase 

cerebral metabolism can worsen ischaemic injury. 

 

- Factors increasing cerebral metabolism include hyperthermia and seizure acƟvity.  Both 

require prompt treatment. 

 

- CMR is exponenƟally related to body temperature – at 37C for every 1C fall in body 

temperature the CMR decreases by 7% 4.  Conversely hyperthermia increases CMR and 

thereby worsens ischaemia. 

 

- Although not directly affecƟng CMRO2, both hypo- and hyperglycaemia worsen cerebral 

ischaemic injury. 
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Management of Raised ICP 
 
- Classically ICP > 20 mmHg required urgent treatment.  The recent Brain Trauma 

FoundaƟon Guidelines state an ICP of > 22mmHg requires urgent treatment. 5 

 

- If basic therapeuƟc targets are achieved (PaCO2 4.5 – 5.0 kPa, PaO2 > 13 kPa, temperature 

< 37C) and no obvious cause is idenƟfied (obstrucƟon of venous return, lightening of 

sedaƟon leading to coughing), a persistently raised ICP may require a CT scan to exclude 

a surgical cause. 

 

- In addiƟon to idenƟfying condiƟons requiring surgical intervenƟon e.g. new haemorrhage, 

the CT scan will also idenƟfy paƟents who may benefit from the inserƟon of an External 

Ventricular Drain (EVD). 

 

- The EVD is inserted into one of the lateral ventricles which allows drainage of CSF helping 

reduce ICP.  Not all paƟents with a raised ICP will benefit from an EVD – the greater the 

degree of ventricular enlargement the greater the potenƟal for CSF drainage. 

 

- Should no operaƟve intervenƟon be idenƟfied, therapeuƟc opƟons include the use of 

hypertonic saline (2.7% sodium chloride) in 3ml/kg aliquots +/- Furosemide boluses (10 – 

20mg). 

 

- Together these drugs cause a rise in serum osmolality, through a rise in serum [Na+] and 

encouraging diuresis.  This rise in serum osmolality lowers ICP as water moves via osmosis 

from cerebral Ɵssue to the blood. 

 

- Mannitol (0.25g – 0.5g / kg) is also used in the treatment of raised ICP, however a recent 

meta-analysis suggests hypertonic saline may be more effecƟve in the treatment of raised 

ICP 10, and work is ongoing in this area. 

 

- HypervenƟlaƟon can be used as a temporising measure.  However the opƟmal degree of 

hypervenƟlaƟon remains unclear 3, 5.   
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- The AAGBI Guidelines recommend hypervenƟlaƟon to a PaCO2 4.0 – 4.5 kPa if clinical or 

radiological evidence of raised ICP 5. 

 

- The BTF Guidelines recommend against prolonged prophylacƟc hypervenƟlaƟon below a 

PaCO2 of 25mmHg (3.3 kPa).  Furthermore, the guidelines recommend monitoring of 

cerebral oxygenaƟon during hypervenƟlaƟon – either through Jugular Venous Oximetry 

(SjVO2) or direct measurement of brain Ɵssue oxygen levels 3. 

 

- Hypothermia may be neuroprotecƟve – reducing cerebral metabolism and ICP.  It has 

been used prophylacƟcally, prior to development of raised ICP, and therapeuƟcally, to 

treat raised ICP 5, 11. 

 

- The current BTF Guidelines state early (< 2.5 hours), and short-term (< 48 hours) 

prophylacƟc hypothermia is not recommended to improve outcome 5. 

 

- The role for therapeuƟc hypothermia remains unclear – management algorithms oŌen 

include mild hypothermia (34 – 35C) as an opƟon for treaƟng refractory intracranial 

hypertension.  It should be reserved for specific cases of refractory raised ICP aŌer 

exhausƟon of other opƟons. 

 

- If raised ICP persists despite the use of the above therapies, decompressive craniectomy 

may be considered.  This procedure involves the surgical removal of a large part of the 

skull, allowing the swollen brain to expand thereby reducing ICP 12. 

 

- The RESCUEicp trial, comparing Decompressive Craniectomy vs. standard medical care, 

showed a reduced 6-month mortality in the intervenƟon group, but worse funcƟonal 

outcomes 12. 

 

- Barbiturates may be neuroprotecƟve, reducing cerebral metabolic rate and oxygen 

consumpƟon.  They may also reduce ICP by decreasing Cerebral Blood Volume 5. 
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- Barbiturates have several side-effects, most notably haemodynamic instability, renal and 

hepaƟc impairment, immunosuppression and hypokalaemia.  Dosage should be Ɵtrated 

to produce burst suppression on EEG monitoring 5, 11, 13. 

 

- Current BTF Guidelines recommend barbiturate use in raised ICP refractory to maximal 

medical and surgical treatment 5. 

 

- An example dosing regimen is an inducƟon dose of thiopentone (3 – 5 mg/kg) followed by 

an infusion of 3 – 5 mg/kg/hour Ɵtrated to EEG monitoring. 
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Neuropharmacology 
 

- Key pharmacodynamic effects of drugs involved in neuroanaesthesia are the effects on 

CBF, vascular autoreacƟvity, ICP, CMRO2 and MAP. 

 

- Desired pharmacodynamic features include preservaƟon of cerebral perfusion and 

cerebral vascular autoreacƟvity and a reducƟon in ICP and cerebral metabolism. 

 

- Regarding inducƟon agents both Propofol and Thiopentone reduce CBF, CMRO2 and partly 

obtund the rise in ICP from laryngoscopy.  Both also cause a dose-related fall in MAP 14. 

 

- The use of opiates in conjuncƟon with Propofol or Thiopentone can further obtund the 

pressor response to laryngoscopy as well as allowing a reducƟon in the dose of Propofol 

or Thiopentone required. 

 

- Ketamine causes a rise in CBF, CMRO2, but the evidence for its effect on ICP is weak.  

Recent meta-analysis has shown that Ketamine did not increase overall mortality in 

paƟents with TBI, and was not associated with an increase in ICP (but may lead to post-

intubaƟon hypotension). Due to its favourable haemodynamic profile it is widely used in 

a trauma seƫng 1, 14, 31. 

 

- Regarding maintenance either intravenous or volaƟle anaesthesia can be used and a 

strong debate exists about which is superior. 

 

- One advantage of intravenous maintenance is that, unlike volaƟles, there is a reducƟon 

in CBF and CMRO2.  This is of parƟcular significance in paƟents with pre-exisƟng elevated 

ICP. 

 

- Regarding volaƟles, the older agents are not commonly used in neuroanaesthesia.  

Halothane produces significant cerebral vasodilataƟon and enflurane is associated with 

seizure acƟvity at a low PaCO2 14. 

 



 24 

- Of the convenƟonally used agents (isoflurane, sevoflurane and desflurane) each has 

similar pharmacodynamic effects.  Nitrous oxide produces cerebral vasodilataƟon and 

increases CMRO2 14 and is therefore avoided. 

 

- Regarding CBF and ICP some studies suggest that cerebral vasodilataƟon occurs in a dose-

dependent manner with desflurane > isoflurane > sevoflurane 15, 16, 17, 18.  Other studies 

suggest there is no staƟsƟcally significant differences between the 3 agents 19. 

 

- It is likely that, when combined with a remifentanil infusion, allowing a MAC of < 1 to be 

used, the cerebral haemodynamic effects between the 3 agents are not significantly 

different. 

 

- In addiƟon, the haemodynamic effect of the volaƟle may play a more significant role in 

determining CPP 19. 

 

- AddiƟonal consideraƟons when comparing volaƟle agents in neurosurgery include speed 

of wake-up (DES > SEVO > ISO) and the preservaƟon of cerebral autoregulaƟon (preserved 

up to 1.5 MAC sevoflurane) and cost. 
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Endovascular Thrombectomy for Stroke 
 

- Endovascular or Mechanical Thrombectomy (MT) is an intervenƟonal procedure where a 

thrombus is aspirated resulƟng in cerebral reperfusion.  It is a highly effecƟve treatment 

– the HERMES meta-analysis esƟmated a Number Needed to Treat (NNT) of 2.6 for an 

improved outcome vs. standard medical therapy 20. 

 

- ConsideraƟon for thrombectomy is based on 21: 

 

o DuraƟon since onset of symptoms: (up to 24 hours as long as there is brain to save) 

o Stroke severity: Moderate to Severe stroke (NIHSS > 6). 

o LocaƟon of thrombus: large vessel occlusion of the proximal anterior or posterior 

cerebral circulaƟon (basilar, M1/M2 of MCA, A1 of ACA). 

o Pre-exisƟng funcƟonal status (mRS < 3). 

 

- PaƟents presenƟng 6 – 24 hours aŌer onset of symptoms may also be eligible for 

thrombectomy dependent on the degree of salvageable brain Ɵssue shown on advanced 

imaging (CT-Perfusion Scan or MRI). 

 

- This is a true Ɵme-criƟcal emergency – the greater the duraƟon before vessel 

recanalisaƟon the greater the degree of cerebral infarcƟon (2 million neurons lost each 

minute). 

 

- Challenges include: 

 

o Acute effects from stroke such as dysphasia, hemiparesis, visual field disturbance, 

and nausea and vomiƟng. 

o Chronic co-morbidiƟes such as AF, diabetes, and hypertension. 

o FasƟng status. 

o Possible remote locaƟon of the IntervenƟonal Radiology Suite. 

o Limited Ɵme for pre-assessment and no opƟmisaƟon Ɵme. 
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- The combinaƟon of the above factors, the emergent nature of such cases, and the more 

distant locaƟon of the IR suite means these are high-risk cases. 

 

- These cases have been performed under local anaesthesia, with or without conscious 

sedaƟon, or general anaestheƟc.  A recent meta-analysis of 3 small single-centre RCTs 

suggested there was an improvement in funcƟonal outcome associated with general 

anaesthesia vs. conscious sedaƟon.  This is likely due to the increased chance of successful 

recanalisaƟon when performed under GA 22. 

 

- Where there is significant risk of anaesthesia e.g. severe / criƟcal aorƟc stenosis, 

discussion should take place with NeurointervenƟonal Services as to whether or not the 

procedure can be performed under LA +/- sedaƟon. 

 

- Invasive blood pressure monitoring is recommended for cases under GA prior to 

inducƟon.  However, this should not delay the start of the procedure 23.  Arterial access 

can be uƟlised from the INR catheter, so do not delay inducƟon to site an arterial line 

unless it is clinically needed. 

 

- IrrespecƟve of anaestheƟc technique, it is essenƟal to maintain haemodynamic stability.  

Excessive hypotension will reduce collateral flow to the ischaemic penumbra and worsen 

the infarct, whereas excessive hypertension can cause haemorrhage.  Blood pressure 

targets are listed below. 

 

- For GA, a Rapid Sequence InducƟon will be required in most cases +/- use of cricoid 

pressure.  Use of opiates (Alfentanil 10mcg/kg, Fentanyl 2mcg/kg, Remifentanil 

0.5mcg/kg/min at intubaƟon) allows dose-sparing of propofol and obtund the pressor 

response to laryngoscopy.  Vasopressors should be drawn up ready to treat hypotension.  

Anaesthesia can be maintained with TIVA or volaƟle. 

 

- OpƟons for conscious sedaƟon include incremental midazolam, alfentanil and fentanyl 

(25mcg increments).  No one agent has been proven clearly superior. 
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- If sedaƟon is employed, Ɵtrate sedaƟon to paƟent response aiming for a paƟent who 

comfortable, easily rousable and able to follow commands.  An anƟ-emeƟc such as 

ondansetron, is useful to pre-empƟvely treat any nausea.  Administer supplemental 

oxygen and monitor exhaled CO2 via face – avoid hyperoxia as this may worsen 

reperfusion injury. 

 

- Basic targets include 23: 

 

o Oxygen: SpO2 94 – 98%. Avoid hyperoxia. 

 

o Carbon Dioxide: To maintain normocapnia under anaesthesia. 

Avoid hypercapnia in paƟents undergoing sedaƟon. 

 

o Blood Pressure: Maintain BP within 15% of baselines with fluids and/or 

vasopressors for paƟents undergoing GA. 

Classically an SBP 140 – 220 (if no TPA) or 140 – 185 (if 

received TPA) was targeted.   

 

Recent evidence suggests a MAP of 70 – 90 mmHg may 

be more appropriate 24.  The intervenƟonalist or stroke 

physician can provide further advice on the target BP. 

 

o Glucose: Aim normoglycaemia (BM 4 – 11 mmol/L). 

 

o Temperature: Avoid hyperthermia (Temp < 37.5C). 

 
 
- Post-operaƟvely these paƟents can usually be woken up and extubated, before going to 

a hyper acute stroke unit.  A small subset of paƟents may require HDU or ICU depending 
on any addiƟonal therapy, or if they arrived at the thrombectomy centre intubated. 
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Subarachnoid Haemorrhage 
 

- Incidence of 6 – 12 per 100,000 / year with 30-day mortality rates of up to 50% 25. 

 

- 85% result from intracranial aneurysms – usually located at bifurcaƟons with the Circle of 

Willis.  Most affected sites are at the juncƟon of the anterior cerebral artery and anterior 

communicaƟng artery (40%) and branching of the middle cerebral artery (35%) 25. 

 

- World FederaƟon of Neurosurgeons (WFNS) is a commonly used grading system.  Higher 

grades are associated with worsening outcomes. 

 

o Grade 1 – GCS 15. 

o Grade 2 – GCS 13-14, no motor deficit. 

o Grade 3 – GCS 13-14, motor deficit. 

o Grade 4 – GCS 7-12. 

o Grade 5 – GCS 3-6. 

 

- Treatment comprises of endovascular treatment (coiling most common) or surgical 

clipping.  The InternaƟonal Subarachnoid Aneurysm Trial (2002) – ISAT, showed coiling 

resulted in a reduced risk of death or dependence at 1 year versus clipping (23.5% vs 

30.9%)25. 

 

- Subarachnoid haemorrhage is associated with intra- and extracranial complicaƟons.  

Intracranial complicaƟons include: 

 

o Rebleeding:  2-4% within first 24 hours. 

o Hydrocephalus:  Up to 33% of paƟents 26. 

o Seizures:   1-7% of paƟents 25. 
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- Extracranial complicaƟons include1: 

 

o Cardiac complicaƟons ranging from ECG abnormaliƟes (common), clinically 

significant arrhythmias, myocardial injury and ventricular dysfuncƟon. 

o Disorders of sodium balance. 

o Pulmonary oedema and aspiraƟon pneumonia. 

 

- NCEPOD recommend all aneurysms (WFNS Grade 1-3) should be secured within 48 hours. 

 

- Blood pressure control is important – systolic BP > 160 mmHg requires treatment to 

reduce risk of rebleeding25. 

 

- Conduct a standard pre-operaƟve assessment documenƟng GCS, focal neurology and 

baseline blood pressure. 

 

- Key aim is to maintain cardiovascular stability – hypotension is associated with cerebral 

ischaemia, hypertension with risk of aneurysmal rupture.  Consider arterial line inserƟon 

pre-inducƟon. 

 

- Induce anaesthesia with propofol, opioid and muscle relaxant of choice.  Fentanyl (2 – 3 

mcg/kg) or remifentanil (0.5 mcg/kg/min) obtund the pressor response to laryngoscopy. 

 

- IntubaƟon allows careful control of CO2 – set the venƟlator to achieve low normocapnia 

(ETCO2 4.0 – 4.5 kPa). 

 

- Insert a temperature probe and urinary catheter – large volumes of contrast and intra-

arterial fluid can be given during the procedure. 

 

- Maintain with either TIVA or volaƟle agent.  Remifentanil infusion allows dose-sparing of 

anaestheƟc agents and minimises the risk of coughing. 
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- The procedure is minimally sƟmulaƟng – metaraminol boluses or infusion may be 

required to maintain pre-operaƟve blood pressure. 

 

- If the aneurysm is not secured avoid coughing at extubaƟon. 

 

- There is no consensus to the best anaestheƟc technique – other centres use general 

anaesthesia with an LMA / spontaneous venƟlaƟon. 

 

- Analgesic requirements are minimal – paracetamol may be all that is needed. 

 

- Delayed Cerebral Ischaemia (DCI) is neurological deterioraƟon related to ischaemia lasƟng 

more than 1 hour and not aƩributable to other causes (e.g. metabolic disturbance).  

Vasospasm is defined as radiologically-proven arterial narrowing with associated clinical 

symptoms and signs 25. 

 

- DCI, which may be associated with the presence, or absence of vasospasm, is seen in up 

to 60% of paƟents 25: 

 

o Most commonly between 4 and 10 days post-ictus. 

o Nimodipine prophylaxis (60mg, 4-hourly for 21 days) reduces risk of cerebral 

infarcƟon and poor outcome. 

 

- LiƩle evidence to support classic “Triple H Therapy”: Hypertension, Hypervolaemia and 

HaemodiluƟon.  Current management of vasospasm consists of hypertension, avoidance 

of hypovolaemia and maintenance of Haemoglobin between 80 – 100 g/L. 
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Seizures 
 
- Seizures are common in the neurosurgical populaƟon and can be the presenƟng 

complaint for paƟents with many different pathologies, including brain tumour, TBI, 
intracranial haemorrhage or infecƟon 32. 

 
- AddiƟonally, paƟents presenƟng for surgery may have an underlying seizure disorder such 

as epilepsy 33. 
 

Pre-operaƟve assessment 
 
- Understand the nature of lesion and surgery planned i.e. fronto-temporal tumours are 

higher risk for perioperaƟve seizures 32, 33. 
 
- Confirm seizure type and triggers.  Can include faƟgue or stress, both of which are 

common in the perioperaƟve period 33. 
 

- ConƟnue current anƟepilepƟc drugs (AEDs). 
 

 
Diagnosis of perioperaƟve seizure 
 
- Most perioperaƟve seizures occur at inducƟon or emergence 33. 
 
- Diagnosis of intraoperaƟve seizures can be challenging as anaestheƟc agents and 

neuromuscular blockade can mask motor signs.  PotenƟal indicators include tachycardia, 
hypertension, high ETCO2, and pupillary dilataƟon 32, 33. 

 
- EEG can idenƟfy epilepƟform acƟvity but pEEG monitors are unreliable for seizure 

detecƟon. 
 

- IntraoperaƟve seizures can be managed with ice-cold saline flush by surgeons, this 
suppresses corƟcal acƟvity, and/or incremental propofol boluses 0.5mg/kg 34. 

 
 
Management of status epilepƟcus 
 
- Status epilepƟcus, defined as a seizure that lasts 5 minutes or longer, or recurrent seizures 

without recovery in between, should be managed as a medical emergency to prevent 
neurological injury and death. 

 
- It can be convulsive or non-convulsive. 

 
- Consult your local guidelines for specific drug dosing and administraƟon. 

 
- The following is adapted from NICE guidance 34: 



 32 

 
- Stage 1: ABCDE assessment including blood glucose and Ɵming of seizure. 

 
- Stage 2: Benzodiazepene administraƟon e.g. lorazepam 2-4mg.  Can be repeated at 5 – 10 

min intervals. 
 

- Stage 3: AED administraƟon i.e. leveƟracetam 60mg/kg max 4.5g; phenytoin 18mg/kg max 
1800mg; sodium valproate 25mg/kg max 2500mg (reproducƟve risks with valproate).  Can 
consider second stage 3 AED if ongoing seizure. 

 
- Stage 4: InducƟon of general anaesthesia. 
  



 33 

References 
 
1. Allman, K and Wilson, I (2004). Oxford Handbook of Anaesthesia, p398 – 428  
Oxford University Press, Oxford.  

 
2. Allman, K; McIndoe, A and Wilson, I (2005). Emergencies in Anaesthesia, p156   
Oxford University Press, Oxford. 

 
3. RecommendaƟons for The Safe Transfer of PaƟents with Brain Injury (2006). The 

AssociaƟon of AnaestheƟsts of Great Britain and Ireland, London.  
hƩp://www.aagbi.org/publicaƟons/guidelines/docs/braininjury.pdf  

 
4. Power, I and Kam, P (2001). “Principles of Physiology for The AnaestheƟst”. p42 – p43  
Oxford University Press, Oxford.  

 
5. Guidelines for The Management of Severe TraumaƟc Brain Injury, 4th EdiƟon (2016)  

www.braintrauma.org  
 

6. Chesnut, R et al (1993).  
“The role of secondary brain injury in determining outcome from severe head injury.”  
Journal of Trauma. 1993 Feb; 34 (2):216-22.  

 
7. Bricker, S (2009)  
“The Anaesthesia Science Viva Book 2nd EdiƟon”, p143 – 145  
Cambridge University Press, Cambridge  

 
8. YenƟs, S et al (2005).; 
“Anaesthesia and Intensive Care A-Z” 3rd EdiƟon. P 106 – 107, 345  
 
9. Advanced Trauma Life Support Student Course Manual 7th EdiƟon, p.154 – 155  
 
10. Kamel, H et al (2011). 
“Hypertonic saline versus mannitol for the treatment of elevated intracranial pressure: A 
meta-analysis of randomized clinical trials.”  
Journal of CriƟcal Care Medicine. 
 
11. Dinsmore, J (2013).  
TraumaƟc brain injury: an evidence-based review of management  
ConƟnuing EducaƟon in Anaesthesia, CriƟcal Care & Pain, 13; 6: , p189 – 195. 
 
12. Dash, H and Chavali, S (2018)  
Management of traumaƟc brain injury paƟents  
Korean Journal of Anaesthesia 71 (1): 12- 21  
 
13. Schalén, W; Messeter, K and Nordström, C (1992) 
 “ComplicaƟons and side effects during thiopentone therapy in paƟents with severe head 
injuries.”  



 34 

Acta Anaesthesiol Scand (1992); 36 (4): 369 – 377  
 
14. Deakin, C (2000)  
Clinical Notes for the FRCA, 2nd EdiƟon (2000)  
 
15. Holmström, A and Akeson, J (2003)  
“Cerebral blood flow at 0.5 and 1.0 minimal alveolar concentraƟons of desflurane or 
sevoflurane compared with isoflurane in normovenƟlated pigs.”  
Journal of Neurosurgical Anesthesiology (2003); 15 (2): 90 – 97 27  
 
16. Holmström, A; Rosén, I and Akeson, J  
“Desflurane results in higher cerebral blood flow than sevoflurane or isoflurane at hypocapnia 
in pigs”  
Acta Anaesthesiol Scand (2004); 48 (4): 400 - 404  
 
17. Bedforth, N; Hardman, J and Nathanson, M (2000)  
“Cerebral Hemodynamic Response to the IntroducƟon of Desflurane: A Comparison with 
Sevoflurane”  
Anaesthesia and Analgesia (2000); 91: 152-155  
 
18. MaƩa, B; Heath, K; Tipping, K and Summons, A (1999)  
“Direct Cerebral Vasodilatory Effects of Sevoflurane and Isoflurane”  
Anesthesiology (1999); 91:677 – 680  
 
19. Sponheim, S; Skraastad, Ø; Helseth, E; Due-Tønnesen, B; Aamodt, G and Brevik, H (2003)  
“Effects of 0.5 and 1.0 MAC isoflurane, sevoflurane and desflurane on intracranial and 
cerebral perfusion pressures in children”  
Acta Anaesthiol Scand (2003); 47 (8):932-938 
  
20. Goyal, M; Menon, B; van Zwam, W; Dippel, D; Mitchell, P; Demchuk, A et al (2016)  
Endovascular thrombectomy aŌer large-vessel ischaemic stroke: a meta-analysis of individual 
paƟent data from five randomised trials  
Lancet 2016; 387: 1723–31  
 
21. NICE Guideline (NG 128): Stroke and Transient Ischaemic AƩack in over 16s: Diagnosis and 

IniƟal Management (2019)  
hƩps://www.nice.org.uk/guidance/ng128.  
Accessed June 24th 2019  
 
22. Zhang, Y; Jia, L; Fang, F; Ma, L; Bowen, C and Faramand, A (2019)  
General Anesthesia Versus Conscious SedaƟon for Intracranial Mechanical Thrombectomy: A 
SystemaƟc Review and Meta-analysis of Randomized Clinical Trials  
Journal of the American Heart AssociaƟon (2019) 28  
 
23. White, P et al (2014). 
Standards for providing safe acute ischaemic stroke thrombectomy services  



 35 

hƩps://naccsgbi.org.uk/wp-content/uploads/2015/03/Standards_for_ 
providing_safe_acute_ischaemic_stroke_thrombectomy_services_Oct14-1.pdf 
 
24. Rasmussen, M; Schonenberger, S; Hendon, P; ValenƟn, J; Espelund, U; Sorensen, L et al 

(2020)  
Blood Pressure Thresholds and Neurologic Outcomes AŌer Endovascular Therapy for Acute 
Ischemic Stroke An Analysis of Individual PaƟent Data From 3 Randomized Clinical Trials  
JAMA Neurology (2020); 77 (5): 622 - 631  
 
25. Luoma, A and Reddy, U (2013)  
Acute management of aneurysmal subarachnoid haemorrhage  
ConƟnuing EducaƟon in Anaesthesia, CriƟcal Care & Pain, Vol 13, Number 2, p52 – 58  
 
26. Galea, J; Dulhanty, L and Patel, H (2017)  
Predictors of Outcome in Aneurysmal Subarachnoid Hemorrhage PaƟents ObservaƟons From 
a MulƟcenter Data Set  
Stroke 2017; 48: 2958 – 2963  
 
27. Nathanson, M; Andrzejowski, J; Dinsmore, J; Eynon, C; Ferguson, K; Hooper, T et al (2019)  
Guidelines for safe transfer of the brain-injured paƟent: trauma and stroke  
Anaesthesia 2020; 75: 234 – 246  
 
28. Rösli, D; Schnüriger, B; Candinas, D and Haltmeier, T (2020)  
The Impact of Accidental Hypothermia on Mortality in Trauma PaƟents Overall and PaƟents 
with TraumaƟc Brain Injury Specifically: A SystemaƟc Review and Meta-Analysis  
World Journal of Surgery 2020 Dec; 44 (12): 4106 – 4117 
 
29. Wiles, M et al (2024). 
Airway management in paƟents with suspected or confirmed cervical spine injury. Guidelines 
from the Difficult Airway Society (DAS), AssociaƟon of AnaestheƟsts (AoA), BriƟsh Society of 
Orthopaedic AnaestheƟsts (BSOA), Intensive Care Society (ICS), Neuro Anaesthesia and 
CriƟcal Care Society (NACCS), Faculty of Prehospital Care and Royal College of Emergency 
Medicine (RCEM). 
Anaesthesia 2024 May; hƩps://doi.org/10.111.anae.16290 
 
30. João Vitor Sciorilli et al (2026). 
Is ketamine safe for traumaƟc brain injury? A systemaƟc review and meta-analysis.  
Journal of CriƟcal Care 2026, 91; hƩps://doi.org/10.1016/j.jcrc.2025.155347 
 
31. Rowe et al (2026). 
Guidelines for seizure prophylaxis in paƟents undergoing supratentorial neurosurgery: a 
statement for healthcare professionals. From the NeurocriƟcal Care Society. 
Neurocrit Care 2026. hƩps://link.springer.com/arƟcle/10.1007/s12028-026-02522-2? 
 
32. Smiley M et al(2025). 
PerioperaƟve management of paƟents with seizure disorders: part II. 
Anesth Prog. 2025 Sep 9; 72(3): 189-198. 



 36 

33. Addy M et al (2023). 
Emergencies during neurosurgery and neuroradiology. 
BJA EducaƟon. 2023; 23(7). HƩps://www.bjaed.org/arƟcle/S2058-5349(23)00040-9/pdf 
 
34. NICE guidelines.  Epilepsy in children, young people and adults.  Updated 2025. 
htpps://bnf.nice.org.uk/treatment-summaries/status-epilepƟcus 


