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Toxic dose

Mechanism  of  action

� Unionized molecule diffuses into neurone
� Ionizes within cell 
� Binds to voltage gated Na channels

• Alpha subunit polypeptide MW 260K

• Contains 4 domains D1-DIV) each with 6 helices (S1-S6 fragments)

� Blocks Na+ influx

Scholtz.  Brit J Anaesth 2002;89:52-61

Toxic dose

Mechanism of action

� L-bupivacaine (S-bupivacaine)
• decreased Na channel block

• faster unblocking of Na channel 

• decreased K channel block than racemic bupivacaine

• less cardiotoxic1

1 McLeod & Burke Anaesthesia 2001;56:331-341

Incidence  of  LA  Toxicity

� Incidence varies between studies

� 7.5 to 20 per 10,000 peripheral nerve blocks1

� ‘Serious cardiac & neurological toxicity’:  2.2 per 10,000 cases 
(Auroy et al)2

Dillane D, Finucane, BT. (2010)
Auroy et al. Anesthesiology 1997;87:479-486

Pathophysiology  of  LA  Toxicity

� Fast sodium channel blockade
� Especially with Dextro (R ) isomers
� Impairs cardiac & neuronal conduction
� Worsened with hypercarbia & acidosis – creates viscous cycle

� Some K channel blockade

� Membrane stabilization (cardiac) 
� Reduction rate of membrane depolarization
� Reduced contractility
� ECG

• Prolonged PR
• Widened QRS

• Prolonged ST
• Tachyarrhythmia: SVT, VPBs

� Interference with voltage-gated channels & ligand gated channel©s
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Factors affecting Plasma Concentration

� Dose (mg/kg)
� weight 
� dose (mg) Published figures for recommended dose (mg/kg)

Plain Adrenaline
Lignocaine 3# 7

Prilocaine 6 NA

Bupivacaine 2 2

L-Bupivacaine 2 NA

Ropivacaine 3* NA

# Doses vary in other sources
*  Manufacturers Recommendation only gives procedure specific doses

Dose

Summary – Factors affecting Plasma Concentration

� Dose (mg/kg)

� Physicochemical properties of the LA

� protein binding - bupivacaine highly protein bound (in 
tissues)

� pKa
� partition Coefficient

Dose

Summary – Factors affecting Plasma Concentration

� Dose (mg/kg)
� Physicochemical properties of the LA

� Site of Injection
� Affects rate of uptake – local  vascularity
� Intercostal>axillary>Infiltration

Dose

Summary – Factors affecting Plasma Concentration

� Dose (mg/kg)
� Physicochemical properties of the LA
� Site of Injection

� Intravascular injection – accidental / failed IVRA Tourniquet

Dose

Summary – Factors affecting Plasma Concentration

� Dose (mg/kg)
� Physicochemical properties of the LA
� Site of Injection
� Intravascular injection

� Adjuncts
� Vasopressors - Decrease rate of uptake
� pH modifiers – only used in ophthalmic anaesthesia to any 

large extent

Dose

Summary – Factors affecting Plasma Concentration

� Dose (mg/kg)
� Physicochemical properties of the LA
� Site of Injection
� Intravascular injection – accidental / failed IVRA Tourniquet
� Adjuncts

� pH of tissues & plasma
� Acidosis increases LA toxicity
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Dose

Summary – Factors affecting Plasma 
Concentration

� Dose (mg/kg)
� Physicochemical properties of the LA
� Site of Injection
� Intravascular injection – accidental / failed IVRA Tourniquet
� Adjuncts
� pH of tissues & plasma

� Clearance
� Reduced in hepatic dysfunction – esp with cummulative

dosing
� Reduced with cardiac dysfunction
� Increased sensitivity - Epilepsy

� Classical description2 - Three phases

� Excitatory 
• CNS Excitability: 
• CVS stimulation:  Sympathetic Tc

� Depression
• Decreased conscious state
• Myocardial depression decreased CO

� Conduction problems, CVS collapse

(2)  Brown DL.  Complications of Regional Anesthesia. Churchill-Livingstone 1999

CNS   Excitability

� Initial
� Peri-Oral tingling
� ‘twitching’, restlessness

� Convulsions
� May be no prodrome1

� May be self-limiting1

� 1. Pirotta & Sprigge 2002 (l-bipivacaine) Anaesthesia 2002:57:1187-1189

CVS   Collapse

� Prodrome may occur
• Intra-articular bipivacaine 20ml0.25%plain
• ‘chest heaviness, nausea and light-headedness, no seizure ECG 

junctional wide complex
• Resolved with observation over several hours1

• Several studies investigated blood levels post-arthroscopic 
bupivacaine injection480-650 ng/ml 2,3

• These levels unlikely to cause toxicirty23 so accidental intravascular 
likely

� 1.  Ligouri et al. Anesth Analg 2002;94:1010-1013
� 2.  Meinig et al. Am J Sports Med 1998;16:295-300
� 3.  Kaeding et al. Arthroscopy 1990;6:33-9

CVS   Collapse

� May be no prodrome - see later

Bupivacaine  Toxicity  

Cluster of deaths focused attention on bupivacaine worldwide
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Bupivacaine toxicity

� Albright 1

� First report of sudden onset CVS collapse without prior CNS 
effects

� Prior to this bupivacaine commonly used for IVRA

(1)  Albright GA. Anesthesiology 1979;51:285-287

Bupivacaine toxicity

� Case cluster of fatal IVRA events in UK
� Multiple articles exploring postulated causes
� ? Intraosseous vessels?
� ? Calcified vessels not compressed by tourniquets

� Classical description (Three phases) (2)
� Excitatory – sympathetic Tc
� Myocardial depression decreased CO
� Conduction problems, CVS collapse

(2)  Brown DL.  Complications of Regional Anesthesia. Churchill-Livingstone 
1999

Bupivacaine toxicity

� CNS effects

� Cardiac effects
� arrhythmias: conduction problems of increasing magnitude
� contractile depression:

� Cellular effects extensive & diverse -? Relates to difficulty in therapy (1)
� Na channel – arrhthmogenesis
� K
� Ca channel - negative inotropy
� mitochondrial function
� inhibit ATP synthase
� lysophospatidate signalling systems

(1)  Groban & Dolinski.  Tech Reg An & Pain Mx 2001;5:48-55.

Bupivacaine toxicity

Bupivacaine toxicity (animal studies)

� desbutylbupivacaine (major metabolite) potentates toxicity of bupivacaine 
but is less toxic alone than bupivacaine

� hypoxia enhances bupivacaine toxicity (seizures, asystole at lower doses)

� increased dysryhthmias in anaesthetised animals (with volatiles)

Bupivacaine toxicity

Bupivacaine toxicity (Management

� Severe reaction
� ALS (airway management, fluids, inotropes – manage arrhythmias)

� ? CPB (if available)

� phosphodiesterase inhibitors controversial

� results with lignocaine, amiodarone conflicting in Mx of arrhythmias

� Ca channel blockers contraindicated

� Novel Therapies

Lipid  Rescue

� Term to describe use of IV bolus of lipid emulsion to treat a severe toxic 
reaction

� Intralipid ® is the only lipid solution to have been used in this manner
(propofol not recommended for this role)

� Supported by animal studies & isolated case reports

� Very strongly advocated by Weinberg (multiple letters, studies, & 
Website)
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� Initial case report * of successful resuscitation of vasculopathic 58 year 
old with asystolic arrest post block, unresponsive to CPR etc.  Much 
criticism in literature of doses used, adequacy of resuscitation etc.

� Successful resuscitation of 84 tear old asystolic after ropivacaine
brachial plexus block.

� Successful resuscitation of 75 year old after near arrest following l-
bupivacaine

* Rosenblatt et al. Anesthesiology 2006;105:217-8

Lipid Rescue

� Weinberg’s Dose Regimen in Cardiac arrest unresponsive to standard therapy

� Intralipid 1 ml/kg.  Repeat twice at 3-5’ intervals

� Infuse 0.25 ml/kg/min until haemodynamic stability
• (dose > 8ml/kg unlikely to be useful)
• Eg: 70 kg adult 50 ml stat, then 20 ml (x1-2), then infuse

Lipid Rescue

Lipid rescue – Animal studies (A)

� rats infused bupivacaine
� when asystolic CPR followed by IV saline or Intralipid
� toxic dose was increased by 50% in group receiving Intralipid
� the universally fatal dose in saline group was survived by all rats in 

Intralipid group

Weinberg et al.   Pretreatment or resuscitation shifts the dose-response  to 
bupivacaine induced cardiotoxicity in rats.  Anesthesiology 1998;88:1071-5

Lipid Rescue

Lipid rescue – Animal studies (B)

� Dogs administered bupivacaine 10mg/g over 10 seconds, 
� then 10’ internal cardiac compression 
� followed by saline or intralipid infusion  

(4ml/kg bolus then 0.5ml/kg/min for 10min

� All  dogs treated with intralipid survived but no controls survived (1)

� Questions (2)
� Adrenaline not used in these experiments

� But animals are much more readily resuscitated from LA OD using adrenaline 
than are humans – hence Ad not used

� Because rare & catastrophic RCT’s not possible (eg as with Dantrolene & 
Novo7)

(1)  Weinberg G et al.  Reg An Pain Med 2003;28:198-202

(2)  Picard & Meek.  Anaesthesia 2006;61:107-9

Lipid Rescue

Lipid rescue – Animal studies (C)

� Asystole induced in isolated rat heart
� 1% Intralipid or  Krebs buffer infused
� Compared times to recovery (first heart beat & 90% baseline RPP)
� Mini-biopsies to check labeled bupivacaine efflux from heart
� Lipid infusion resulted in:

� more rapid return of spontaneous contraction

� more rapid loss of bupivacaine from the heart

� Supports concept of lipid sink

Weinberg G et al.  Reg An Pain Med 2006;31:198-202

Lipid Rescue

Lipid rescue – Case studies (1)

� 84 female accidentally given 40mls 1% ropivacaine in axillary block
� 15’ later dizzy, drowsy, grand mal, 
� HR increased tob 120, BP unchanged
� Bag-Mask ventilation, Thiopentone 150 mg to control seizures
� 2’ later developed VPB’s, bradycardia then asystole
� ALS, Adrenaline to 3mg (increments)
� remained in asystole

� Litz et al. Anaesthesia 2006;61:800-801
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Lipid Rescue

Lipid rescue – Mechanism of action?

� Postulated to be ‘lipid sink’ ie LA preferentially dissolves in lipid
� ? Improves fatty acid delivery to heart for metabolism (1)

� ? LA inhibit carnitine acylcarnitine translocase

� Enzyme necessary for supply of ATP to the heart
� Bupivacaine & ropivacaine both inhibit this enzyme

(1) Weinberg.   Reg An Pain Med 2004;29:74

Where to next?

� RCT’s not feasible

� Animal studies convincing

� Weinberg advocated using cumulative case reports as the only 
ethical way forward

� Evidence rapidly became compelling

� Adoption by various organizations ‘legitimized its use

� Several cases occurred in Ballarat (fortunately following adoption 
of Lipid Rescue at BHS in 2007)

Management  of  LA  Toxicity

� Prevention

� Correct dose

� Care with needle placement – especially in vascular planes

� Frequent aspiration during injection
• Avoid vigorous  aspiration –collapses vein against needle

� Choice of agent

� ? Routine use of midazolam (for anti-epileptic value)
• No protection against CVS collapse

� High index of suspicion / vigilance especially with larger volumes

Management  of  LA  Toxicity

� Diagnosis

• CNS
• Dizzyness

• Peri-oral tingling

• Fitting

• Loss of consciousness

• CVS collapse

Management  of  LA  Toxicity

� Immediate Management

• cease infusion

• Reassure patient

• alert surgeon

• summon assistance

• BLS
• Oxygenation reduces acidosis (which increases toxicity) 

Management  of  LA  Toxicity

� Circulatory  Collapse

• ALS / BLS

• Arrhythmias managed – Do not use Lignocaine

• Commence Lipid Rescue Protocol 
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AAGBI  Interpretation  of  Lipid  Rescue  Guideline

Management  of  LA  Toxicity

� Specific Situations  - Cocaine
� Ester
� Profound vasoconstrictor occasionally used in ENT procedures

� � HR, � BP, � SV
� CNS depressant: sedation—UCS

Management  of  LA  Toxicity

� Specific Situations  - Prilocaine & MetHb

� Prilocaine is metabolized to O-toluidine
� This oxidizes Fe2+ to Fe3+ in Hb producing MetHbaemia
� Treat with MeBlue if clinically significant
� (High dose methylene blue can cause methaemoglobinaemia) 

Management  of  LA  Toxicity

� Questions to consider

� Should Lipid Rescue kits be stocked routinely?

� Should bupivacine be abandoned?

� How can I do IVRA safely?

� How do I avoid LA toxicity – In Practice?

Management  of  LA  Toxicity

� Questions to consider

� Should Lipid Rescue kits be stocked routinely?
� Yes , anywhere performing significant numbers of LA cases

� Should bupivacaine be abandoned?
� No, still useful – has adrenaline
� Better to use less toxic alternatives for high volume blocks

� How can I do IVRA safely?
� Meticulous attention to tourniquet detail
� Deflate after 20 minutes minimum – usually procedures last this long anyway!!

� How do I avoid LA toxicity – In Practice?
� Basics: IV in situ, resusc equipment nearby, calculate dose for each patient beforehand
� Technique: aspirate gently & regularly (every 5 mls)
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