ANAESTHESIA CONSIDERTIONS FOR SCOLIOSIS SURGERY 
Greta Palmer May 2012
This summary provides an outline of:
· The preoperative assessment

· A background to when scoliosis surgery is needed
· The anaesthetic considerations for this surgery including

· Monitoring, with an explanation and history of neurophysiological monitoring and
· Intra- and postoperative considerations incorporating postoperative disposition and analgesia 

Preoperative assessment and staff involved
Patients usually pre- assessed in preadmission clinic - some months before if complex and need respiratory or cardiology review. The preadmission letter is sent by email to the scoliosis anaesthetists. The anaesthetist seeing the patient will review the syndrome the child has, the degree of lung impairment/frequency of chest infections, the cardiology assessment and whether an ICU bed booking is required. 

Most well idiopathics will have preoperative information provided by the scoliosis coordinator. 

All usually come in day of surgery.
Scoliosis coordinator: Pager 5794, currently Briony Clark as Jo Noonan on mat leave.
Scoliosis anaesthetists: Greta Palmer (GP), Ben Turner (BT), Nick Martin (NM), Eugene Neo (EN), George Chalkiadis (GC).
Background to surgery and types

Usually 2 consultant surgeons operate; curves > 50 degrees get surgery.

Surgery types:

Anterior release (usually 2-2.5 hours) – lateral position

Usually multi-level discectomies and anterior spinal ligament release via thoracotomy or flank incision – done for those scoliotic patients with associated muscle shortenings and contractures e.g. idiopathic and Cerebral Palsy (CP).
It is not required by those patients with weak musculature e.g. Duchenne’s or Spinal muscular atrophy (SMA).

Instrumentation done following anterior release
Anterior usually on same day (for a lesser degree of curve) (usually 3.5 hours)

Posterior either on same day for syndromals or as a delayed second stage usually 2 weeks later for idiopathic patients at RCH.
Posterior Instrumentation only  (usually 3-4hours) –prone position
Done for those patients who either stretch out readily on XR traction table or have weak musculature such as Duchenne’s or SMA.  There are different rods – Harrington rods have been surpassed by Moss Miami, Legacy or CD (2 rods), Luque (a single looped rod) and now Phenix for prepubertal kids with congenital scoliosis: much less invasive/painful and the magnetic function allows it to be lengthened in outpts as they grow).

Halo traction is sometimes applied after release surgery to stretch out the patient i.e. to achieve a straighter result – usually in those patients with a severe curve >90degrees

Induction

Patient and anaesthetists choice.

When Compound Motor Action Potential Monitoring to be performed (see Neurophysiological Monitoring section) and inhaled induction performed, turn off sevoflurane and nitrous as soon as practical and if muscle relaxant is required use low dose atracurium (0.3mg/kg).

Consider starting TIVA in induction room or, as soon as lines are inserted, move into the Operating theatre (OT) to have urinary catheter and monitoring electrodes inserted there (rather than exposing to longer period of volatile). Once in OT, have patient on high flows to wash out volatile and nitrous.

Intraoperative needs:
Atleast 1 large bore IV, with either a 2nd large and or small for infusions

if unable to secure large bore access then a CVC is inserted. 

CVC routinely inserted for Duchenne’s, syndromals or 2 stage in one day (i.e. may need inotropes) and when poor peripheral access. CVCs are not routine for idiopathics.
Artline

place in the dependent arm (Sx approach is from convexity of curve)
Some consultants give 10mL/kg crystalloid in induction room prior to artline/CVC or to volume replace before going prone

Have NIBP on non artline arm

Pulse oximeter on same limb as art line

Temp probe

Urinary catheter
Single lumen ETT (normal tube rather than reinforced if all day case or high possibility of cord damage as may need to go urgently to MRI; other centres use DL ETT for thoracotomy)

BIS for TIVA – 

Xmatch 
preadmission may have done an extended expiry unless needle phobic

1U packed cells for idiopathics for 2nd stage

2-4U packed cells for Duchennes depending on patient weight 

FFP consider 10mL/kg for syndromal all day and Duchennes at start

Bair Hugger 
single large rectangle or two: top end tube and 2nd lower body


skinny 25kg CPs are at particular risk of hypothermia
- watch room temp as nurses/surgeons tend to sneak it down suggest leave on 22 or increase to 24 at induction time and reduce to 22oC once draped

HOTLINE fluid warmer

PUMP set (rather than burrette)

Cell saver worthwhile if having >8 levels operated upon 

(prebooked by spinal coordinator) and run by anaesthesia tech.  Add 100micron filter to pump set with Y connector.  

Fresenius machine gives back same haematocrit as blood bank i.e 60%.

Infusion pumps (usually 2-5 required)

Suggest spiking a 500mL N Saline bag for dilution

1. Ketamine when using Remifentanil and/or CMAP monitoring 

0.5mg/kg load then 0.2 - 0.3 mg/kg/hr 

(5mg/kg –50mL pain attachment chart strength and continue post op at 0.2).

2. Remifentanil for CMAP monitoring (posterior), syndromal patients & Duchenne’s

Suggested infusion dilution:


1mg ampoule in 25 mLs for single stage or <33kg 

2mg in 50mLs for a 2 stage in 1 day case/larger children

Program pump as Dosing only option 2 which is ug/kg/min


Usually run at 0.1-0.3mcg/kg/min  

3. Propofol for Duchenne’s and CMAPs (per our neurophysiologists)

4. Tranexamic acid for >8 operative levels and greater than >4.5hr surgery

5. Atracurium if not doing spinal cord monitoring e.g. for idiopathics anterior release or non-walking CP patient 
Atracurium dilution suggest draw up enough for 3 hours at half strength:

5mg/ml run at XY kg in X.Yml/hr which equates to 0.5mg/kg/hr

e.g. 35kg at 3.5mls/hr=17.5mg/hr
6. Sodium Nitroprusside (rarely needed now with remifentanil use)

Intraoperative monitoring and management

Blood loss:

Suction bottles/ cell saver reservoir –

Surgical packs are usually washed near the end of the case into cell saver 

(so subtract wash from suction content if not using cell saver)

To estimate blood loss when using the cell saver you can double the volume of cell saver return (gives approximate loss for Hct of 30%) and add 40% (which is not recovered on drapes and packs)
ABGs hourly depending on losses and Haemaccue prn

Save transfusion where possible to when instrumentation is in

Most consultants transfuse around Hb 85-95g/dL depending on the surgical stage aiming for 100 postop

Urine output may be low during case especially in the prone position

CVPs – not routine in idiopathics; in others can follow trend but can be unreliable in the prone position (i.e. high with box bolster support).

Continuous intraoperative Transoesophageal Echocardiogram (TOE) monitoring—This is routine for Duchenne’s and patients with moderate to severe cardiac disease.
We insert a TOE and measure cardiac ejection/fullness induction, on turning to prone and then ~60minutely as it is a more accurate guide to cardiac filling. Echo probe in cardiac needs to be borrowed and machine prebooked via fellow (24hr echo cover pager). Echo fellow or anaesthetist with echo training (Ragg, Smith, Clifford) need to be prebooked for the readings.  The heat of the probe causes oesophagitis: give Ranitidine 1mg/kg IV during case and IV tds for 48hours postoperatively.

Temperature – aim for normothermia

Peripheral nerve stimulator not routinely used at RCH; if using atracurium infusion tunr it off half hour before case cessation (i.e. when the surgeon starts closing muscle layer)

Eye care -+/- lube  tape/tegaderm  -- check eyes hourly in prone position     

Pressure care points to note:

Special foam face support (blue and white) for prone position 

– surgeons pressing on back can jiggle it out of support

Foam (blue) arm supports available (prone)

Beware the ‘bolster box’ compressing the armpits – axillary artery (artline) and brachial plexus
Lateral position – arm up on right angle support, put NIBP on before tape is applied with roll in lower axilla

Intra-arterial Blood Pressure monitoring (IABP) is routinely performed and indicated when Controlled hypotension

1. Used for idiopathics particularly

2. Consider giving bolus of agent/deepen anaesthesia immediately prior to initial incision

Aim for mean of 55-60mmHg depending on consultant and patient (lactate on gases)

Frequently used agents


Remifentanil

Clonidine 2mcg/kg IV (not usually associated with post op sedation) 

    3mcg/kg if v.anxious or ADHD 


Vs. titrate volatile
+/- SNP (rarely required)

Hypotensive agents Infusion preparations/concentrations:

SNP – 50mg in 50ml 5% dextrose pump vs. 500mL and ‘Dial-a-flow’.

Esmolol – rarely used now (labetalol not available)
Induced hypotension is NOT required by Duchenne’s patients as they tend to run at a low BP which trends down with time due to their cardiomyopathy (even in those patients who have a normal EF on echo preoperatively).  More common to start an inotrope such as low to moderate dose Dopamine vs dobutamine or milronone

Maintenance anaesthesia 

depends if doing CMAP monitoring and patient type
Opioid: Fentanyl is used for Phenix insertion, 

Remifentanil is nearly now exclusively used for this surgery 

PROPOFOL  Vs. Volatile SEVO vs. DES vs. ISO  

Air (N2O not used during CMAP monitoring and as PONV rate high) 
Intraoperative ketamine bolus and low dose infusion
Neuro physiological monitoring – 

Somatosensory evoked potential (SSEPs)/ Motor evoked potentials (MEPs) 

These are used to monitor those patients that walk/are neurologically normal (i.e. idiopathics and not CPs or Duchenne’s) where instrumentation is inserted or distraction occurs e.g. screws going into pedicles, hooks going over laminae, or straightening spine significantly (usually for prone only) 

Done by neurophysiologists – electrodes go on from head to hand to shin/ankle – booked by the scoliosis coordinator—neuro staff inserts electrodes in head, arms and shins after intubation in induction room

and then on calves and neck when prone on table

At RCH, we monitor Transcranial (Tc) MEPs, Epidural MEPs and SEPs in combination

(while at Westmead just  monitor Tc MEPs) 

Propofol with remifentanil are stipulated by our neurophysiologists(+/- ketamine).
No muscle relaxant can be used after a small (0.3mg/kg atracurium) or no induction dose.
If nitrous and sevoflurane are used at induction, these should be flushed out before the first recording is attempted. 
When the vertebral bodies are exposed, the surgeon will place two sterile epidural probes in (one at upper end of incision ~T1 and the other at vertebral level T11-12 to do motor measurement in legs).
Sensory stimulation is from the bottom up (ankle and knee, measured at cortex) and motor stimulation proceeds down from motor cortex (position C1 and C2) and recording at the epidural electrode/s (single stimulus) or peripherally (multiple stimuli are delivered to elicit a motor action potential).
HISTORY of electro-neurophysiological monitoring
Electro-Neuro physiological monitoring techniques have mostly replaced wake-up testing as they allow ‘real-time’ monitoring reducing delay in surgical corrective response. Epidural SEP monitoring is widely used. It is easily interrupted/reproduced and has supplanted cortical SEP monitoring (which is highly influenced by anaesthetic agents). SEP monitoring alone provides high-level prediction of sensory and mixed deficits occurring with ‘global’ neurological insult i.e. involving anterior and posterior cord as occurs with cord distraction or spinal arterial compromise. 

Epidural MEP monitoring, initially recording from peripheral nerves (termed neurogenic) and then recording motor action potentials (called myogenic MEP or compound motor action potential [CMAP] monitoring), and most recently TcMEP monitoring have been increasingly adopted with the advantage of shorter stimulus to assessment and surgical/anaesthetic response time. They are superior to both types of SEP monitoring by providing early warning of spinal cord compromise through progressive D-wave/CMAP amplitude reduction and positively predict postoperative outcome [reportedly 100%]

**Surgeon likes to assess lower limb function ASAP on emergence 

e.g. on transfer to bed in OR or in PACU
Wake up tests – rarely done at RCH – routine at other centres e.g. US

May do if SEP/CMAPs go off during case – 

You need warning - as need 1/2hr for propofol and muscle relaxant to wear off 

Consider switching off propofol and adding in sevo or des if BIS rises and muscle relaxant still in system

The patient needs opioid on board (just enough to be analgesed but not sedated so can wiggle toes!) and have induction agent available to reinduce rapidly (if instrumentation not completed) as soon as patient has moved limbs successfully.

	Neurophysiological Monitoring terminology and direction of stimulus to recording
	Modern concept of pathway monitored

	
	

	Cortical SEP:

Epidural stimulus to spinal cord, 

scalp recording
	Posterior spinal cord (dorsal column) function

	SEP epidural:

Epidural stimulus,

epidural recording

can be in rostral or caudal direction (at rch rostral)
	Dorsal column and lateral corticospinal tract- may indicate global insult

	MEP neurogenic:

Epidural stimulus 

to peripheral nerve recording 

	Now thought a monitor of dorsal column antidromic activity; not true motor

	CMAP = MEP myogenic:

Epidural stimulus 

to muscle recording

	Corticospinal tract monitor rather than anterior cord-motor neuron activity

‘Superior’ motor pathway assessment.

	TcMEP

Scalp stimulus single or multiple electrodes  

with single pulses gives epidural recording ‘D wave’ 

+/- multiple pulse gives muscle recording of CMAPs in upper and lower limbs and/ or abdomen

 (abdomen not measured at RCH as too much movement from surgeons)
	Newest motor pathway monitoring 

A >50% D-wave reduction with unilateral CMAP loss predicts temporary PO deficit. Bilateral predicts permanent PO deficit.


BIS - aim for 50-55 (may accept 60 if using ketamine). Entropy appears more influenced by ketamine so request the separate BIS monitor.
Use when using TIVA (to reduce awareness) or if syndromal patient and has had history of slow wake up in the past. For the latter, suggest put BIS on prior to induction as acknowledging interpretation in this patient population is questionable: then can aim for 10-15% below baseline). Use of BIS can reduce maintenance anaesthetic administration and targetted BP control with remifentanil when a rapid wake up is desired. This may lend to reduced postoperative sedation and respiratory depression and reduce the need for BIPAP/ ICU admission or prolonged stay.
Fluid resuscitation

Try not to use excessive crystalloid as the patients tend to get facial/ eye/ tongue and laryngeal oedema in both lateral and prone positions.

Generally give 10-20ml/kg load 

then colloid e.g. gelfusine 2nd line or FFP 10-20ml/kg in syndromal (especially Duchenne’s) or thin children (e.g.CP/Retts)

If long surgery e.g. 3hrs+ and blood loss becomes excessive and/or replacing with cell saver blood and/or large volumes packed cells, frequently need to repeat FFP and give platelets and cryoprecipitate.  

Tranexamic acid now used routinely at RCH for high-risk blood loss cases

And no longer requires Special access scheme consent
Dose 100mg/kg load then 10mg/kg/hr.  

Intraoperative analgesic options: 

Ketamine 
as above
Opioids intravenous

Remifentanil
as above—consider ketamine to reduce remifentanil acute tolerance
Morphine 
Load after patient has woken and moved their lower limbs for the surgeon

~0.1-0.15mg/kg for idiopathic 

Judicious use and titrate slowly in CP and Rett syndrome

Minimise in the Duchenne’s patients as they are not in very much pain – usually require ~0.05mg/kg morphine titrated later in PACU/ICU

Fentanyl
if use intraop, may need to load with 0.05-0.1mg/kg morphine in PACU for Phenix and more for scoliosis surgery
Tramadol
can be used if morphine contraindicated or as adjunct
Intrathecal opioid 

Rarely used at RCH, dose 10-20mcg/kg morphine (other centres 5mcg/kg)

Epidural 
not routine at RCH; other centres have the surgeon place them under direct vision and stitch in (1 –2 catheters); can run opioid only or low concentration local anaesthetic: levobupivacaine 0.0625%

Intercostal nerve blocks


Surgeon routinely does these for the thoracotomy patients: 

Bupivacaine 0.5% with adr at at least 4 levels – may need to remind registrar if they are closing

Extrapleural wound catheter  

Use for thoracoabdominal approach when no instrumentation performed


Put in by surgeon



Use epidural kit Touhy 18g

Run at levobupivacaine 0.125%, start at 0.1 with option to increase to 0.2mL/kg/hr 

Wound catheter into iliac crest bone graft run as above 0.1mL/kg/hr

Usually use bone from rib if had anterior surgery or spinous processes

Consider load with IV Diazepam 0.05mg/kg at emergence or in recovery after has moved limbs as muscle spasm is a prominent feature

Anti-emetic prophylaxis and therapy: these are high-risk patients for PONV

suggest minimum of two intraoperative prophylaxis agents

e.g. dexamethasone 0.15mg/kg at induction 

and one of metoclopramide 0.5mg/kg or droperidol or granisetron prior to extubation 

and use PONV attachment chart for postoperative therapy

Postoperative considerations

Pain relief 

Paracetamol IV/PO 15mg/kg 6/24 (as ileus for usual for 3 days)
Diazepam for all 0.05-0.1mg kg PO/IV 6/24 prn for normal and 4/24 for CP

If chart as IV write comment “ if IV try lower dose 1st”

Tramadol 1-2mg/kg IV 6/24 if no seizures, occasionally GP does infusion or PCA

Opioid infusion for cognitively impaired: 50mL syringe 

usually use small amounts and switch to codeine/oxycodone postoperatively

PCA – special buttons available for weak squeeze e.g. Duchenne’s

Duchenne’s usually have low requirements

Idiopathics have high dose IV morphine requirements (usually 1mg/kg/day) for ~3-5 days

Ketamine  continue 0.2mg/kg = 2mL/hr until ileus resolves - usually 3 days

May chose to bolus this in preference to opioid for turns if at risk of resp depression

Usually switch PCA to Oxycontin e.g. 20-60mg b.d./ Oxycodone 5-10mg 4/24 prn rescue
These patient get constipated and Targin formulary application in progresss

This combination used for 2 weeks + postoperatively

Need aperients charted once ileus resolves

Postoperative maintenance fluid

PIMs study in progress and these patients are study candidates

Crystalloid usually ¾ maintenance on 1st postoperative night and next day
with bolus of 10ml/kg if urine output less than 0.5ml/hr for 2 consecutive hours 

thereafter 5%dextrose and 0.9% Normal Saline (this may change to plasmalyte)

Usually have ileus for 3-5days and then constipation from opioids

Postoperative disposition
Generally aim to extubate all patients (at RCH) and after a stay in PACU (usually 2 hours) they are managed on Platypus.  An idiopathic having uncomplicated surgery usually has a nurse with 1 to 2-4 patient load overnight on 1st 2 nights postoperatively and a 7-10 day stay.

An ICU bed is prebooked for syndromal children who have anticipated cardiorespiratory physiological derangement e.g. if pre-op respiratory function suggests respiratory intervention may be required e.g. BiPAP (usually advised by their respiratory physician e.g. when PFTS are <30% predicted or VC<1 L).  The bed may be pre-booked by scoliosis coordinator and anaesthesia will need to confirm bed availability on the morning of surgery.  Occasionally, cases are cancelled if no ICU bed is available or negotiations with Cardiac surgery for one of their lower prioirity postoperative ICU beds are made. 

At other centres e.g. Birmingham and Boston (where surgery is of longer duration), the patients routinely go to ICU and are ventilated the first night, extubated the following am.

If no preoperative indication for an ICU bed, the patient has been stable intraoperatively and surgery proceeded well, but you wish them to have ‘high dependency’ care, you can arrange for specialling on Platypus.  Please discuss with the scoliosis anaesthetist who can liaise with the bed manager, Platypus and ICU Nurses in charge, during the day, as they may need to arrange extra night staff cover.  

If there is massive blood loss/resuscitation Or an intraoperative cardiorespiratory

event then an ‘unexpected admission’ to ICU may be required and a bed will have to

be arranged from theatre – by speaking with the ICU Nurse in charge/ ICU registrar

and/or consultant.

Always hand over all cases to the pain team/ night anaesthetic registrar to review pain control and/or fluid balance on 1st and 2nd postoperative nights 
by phone for the idiopathics and in-person at the bedside if pm case for the complex syndromal patients e.g. Duchenne’s.
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