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THE PLAN…

• Science of «lipid rescue»
• Safety of lipid infusions
• Current research
• Diagnosis of LAST
• What’s next
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TIMELINE OF BUPIVACAINE AND LAST
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• 16 yr-old female
• Isovaleric acidemia

— Autosomal recessive dx of leucine catabolism
- Isovaleryl-CoA dehydrogenase defi ciency
- Carnitine defi ciency
- May sensitize heart to arrhythmias

— Arrhythmias during axillary liposuction
- 22 mg (0.4 mg/kg) bupivacaine

• Bupivacaine inhibits carnitine-dependent pathway

INVESTIGATION

• Measured respiration in cardiac mitochondria oxidizing 
lipid and non-lipid substrates
— To see effect of bupivacaine

• Found bupivacaine inhibits key step in mitochondrial 
transport

• Also…
— Pretreatment with lipid increases the dose of bupiva-

caine to induce asystole in rats
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• Pretreatment experiment
• 6 rats/treatment group—GA and instrumentation
• Pretreated with 3 mL/kg/min with:

— Saline
— Intralipid 10%
— Intralipid 20%
— Intralipid 30%

• 0.75% bupivacaine 10mg/kg/min to 10s of asystole
• Concentrations of bupivacaine in plasma to cause arrest:

— 12.7 mg/kg
— 17.8 mg/kg
— 49.8mg/kg
— 82.0 mg/kg

RESUSCITATION

• Anesthetized rats
• Bupivacaine bolus
• Ventilation 100% O2
• Bolus of:

— Saline
— 30% lipid
— Followed by infusions

• Compressions PRN
• Survival

— HR > 100 bpm
— SBP > 60 mmHg

• Lipid shifts dose-response curve to bupivacaine–induced 
asystole
— LD50 from 12.5 to 18.5 mg/kg

1.00

0.75

0.50

0.25

0.00

M
or

ta
lit

y 
F

ra
ct

io
n

0  5  10  15  20  25
Bupivacaine Bolus Dose (mg/kg)

Saline Treated
Lipid Treated

Weinberg.  Anesthesiology 1998;88:1071.

• 12 hounds (22-26 kg) under GA
• Bupivacaine 10 mg/kg injected
• 10 minutes internal cardiac massage
• 20% lipid -or- saline
• 4mL/kg bolus then 0.5 mL/kg/min infusion
• 100 versus 0% survival

160

120

80

40B
P

 (
m

m
H

g)

0  4.5  15  26  45 

B
C L I
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LIPID INFUSIONS ARE:

• Emulsion in water:
— Soybean oil

- (predominantly neutral triglycerides)
- Made isotonic with glycerin

— Egg lecithin
 - The emulsifying agent
— NO preservatives

• Particles 0.5 μm in diameter
• In blood these fat droplets form a lipid compartment
• But not just a lipid sink…
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POTENTIAL MECHANISMS OF ACTION

• «Lipid sink»
 — Sequestration of toxins of high lipophilicity
 — Bupiv lipid: aqueous partition coeffi cient = 11.9:1
• Cytoprotection
 — Akt (protein kinase B) activation
• Competition
 — Inhibition of ion channel binding
• Pharmacokinetics
 — Shunting to sequestering organs
• Inotropic/ionotropic
 — Activation of calcium currents
• Metabolic
 — Reverses the inhibitory effect of bupivacaine on lipid-based mitochondrial respiration
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SAFETY OF LIPID INFUSIONS - LD 50 IN RATS

• 20% lipid (20, 40, 60 or 80 mL/kg) or saline
• Over 30 minutes
• Dixon «up-and-down» method
• Recovered and observed for 48 hours
• Euthanized and organs harvested
• Three additional rats given 60 mL/kg
 — Euthanized at 1, 4, 24 hours
 — To identify progression of organ damage
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Hiller.  RAPM 2010;35:140.

LD50 = 67.72 ± 10.69 ML/KG

• Three animals died
— 2 at 80 mL/kg, 1 at 60 mL/kg
— No specifi c etiology

• No CNS excitation/focal defects/motor abnormalities
 — Lethargy after receiving 80 mL/kg
• No CV changes
• Triglycerides markedly after all infusions
 — All returned to baseline by 48 hours
• Microabnormalities in lung and liver at 60/80 mL/kg
 — Histopathology worse at 1 hour than 4 and 24 hours
• Supports safety of lipid infusion at current doses

Hiller. RAPM 2010;35:140.

REACTIONS

• Contamination
• Direct reactions

— Pyogenic
- 10-20 min post-infusion
- Nausea, vomiting, chills fever, headache chest pain, 

dyspnea, cyanosis (< 1%)
— Thrombophlebitis

• Allergy
— Soybean oil

OTHER CONCERNS

• Pulmonary comps—
 — Pts w/nl lung or 

pulm compromise 
without ARDS do not 
demonstrate  oxyge-
nation or pulmonary 
vascular changes

• Pulmonary changes with 
ARDS 2° to:

 — Enhanced inflam-
mation

 — Transient

• Pancreatitis—
 — All reported cases in 

patients with concomi-
tant diseases

- Crohn’s 
- EtOH
- HIV

Large lipid doses will interfere with laboratory studies and 
have caused chemical hyperamylasemia without symptoms 
of pancreatitis

Are all formulations of lipid equal?

• Long chain triglyceride (LCT) emulsions more effi cient 
than LCT/medium chain triglyceride (MCT) formulations 
to bind long-acting LAs
— Study in vitro

Mazoit. Anesthesiology 2009;110:380

• Model of anesthetized and ventilated piglets
• LCT and LCT/MCT both reversed effects

— QRS duration
— Atrial-His
— PQ intervals

Candela. A&A 2010;110:1473

• Caution with extrapolations to humans

BACK TO THE STORY…

A 58 year-old male presents for shoulder surgery

• H/o coronary artery bypass
• Has angina
• ECG
 — Right bundle branch block
 — Left anterior hemiblock
 — Old anterior wall MI
• Meds
 — NTG PRN
 — Lisinopril
 — Atenolol

— Clopidogrel
— Aspirin

• Refused further cardiac work-up
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THE BLOCK

• ASA monitors, O2 via nc
— Midazolam 2 mg
— Fentanyl 50 μg

• ISB stimulation at .34 mA
— Negative aspiration

• Agents
— Mepivacaine 300 mg
— Bupivacaine 100 mg
— In 5 cm3 aliquots with aspiration between

AND THEN…

• 30 seconds after injection
 — Tonic-clonic seizure
 — O2 via self-infl ating resuscitation bag
 — Propofol 50 mg
• 90 seconds later
 — Seizure restarts
 — Propofol 100 mg
 — V tach  V fi b  Asystole
• Endotracheal intubation and CPR

RESUSCITATION

• Full ACLS
— (At least 6 attendings and 1 resident)

• Central line/arterial line attempts
• Plans for cardiopulmonary bypass

OUR INTERVENTION

• 100 cm3 of 20% lipid 
infusion IV

• Continued CPR
• Single sinus beat
 — Epinephrine
 — Atropine
• Return to sinus rhythm
• No neurologic sequelae
• (ISB block)

TOO SOON TO CELEBRATE?

QUESTIONS

• Adequacy of cardiac work-up
• Use of propofol to manage seizures
• Appropriate use of defi brillation
• Timeliness of initiation of mechanical ventilation 
• Possibility of spontaneous recovery
• Choice of local anesthetic

— «Retrobupivacaine»
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SCIATIC BLOCK

• 83 yr-old 75 kg, TKA with GA plus:
— Continous FNB
— Single-injection sciatic block

• Block with NS technique
• During injection of bupivacaine 130 mg

— LOC
— Tonic-clonic seizure
—  Pulselessness

SIMULATION TRAINING

LIPID EMULSION 3 ML/KG

Baseline ECG ECG During CPR

ECG During Seizure Wide Complex Tachycardia with pulse

Asystole Narrowing Pulsatile Tachyarrhythmia

Smith. A&A 2008;106:1581-4.

Smith. A&A 2008;106:1581-4.

Regular wide 
complex 

tachycardia 
with pulse

Chest 
compressions 

halted

0 min  1 min  3 min  5 min  7 min  10 min  90 min

Negative test 
dose

Incremental 
dosing of sciatic 

needle

Loss of 
consciousness 

and seizure

Bag & mask 
ventilation 

Midazolam 2 mg

Irregular wide complex 
pulseless tachycardia

20% lipid emulsion 
infusion started by 

provider 2 

Chest compression 
continued by nurse

Regular 
narrow 

complex 
tachycardia 

with palpable 
pulse

Patient 
awake and 
responsive

Sinus 
tachycardia 

with palpable 
pulse

Asystole

Chest compressions by nurse
Intubation and ventilation by 
attending 250 ml 20% lipid 

emulsion bolus by provider 1

Desfribillator placed and 
asystole confi rmed by 

provider 1
Epinephrine 1 mg by 

provider 1

HOW TO INCORPORATE LIPID 
INTO RESUSCITATION?

RESUSCITATION WITH LIPID 
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VERSUS EPI 
VERSUS SALINE

• Rats + isofl urane + bupiv 20 mg/kg
• 100% O2 + chest compressions
• Boluses of resuscitation drugs at 2.5 and 5 min

— 30% lipid
— Saline
— Epinephrine 30 μg/kg

• Continuous ECG, arterial pressure
• RPP, pH, lactate, SCVPO2

Weinberg. Anesthesiology 2008;108:907.
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• All metrics improved more with lipid

• 80% rats with Epi had pulmonary edema

• 100% w/epi had ectopy

• Epi might worsen:

— Tissue perfusion

— Cardiac output

— O2 delivery

• Epi exerts direct metabolic effects that  lactate

• Quality of recovery after epi no better than controls

— May even be worse
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EPINEPHRINE IMPAIRS 
RESUSCITATION

• 30 rats/6 groups
• Bupivacaine 20 mg/kg
• All tx at 3 minutes
• 30% lipid + epi
• Lipid alone had slower but more sustained recovery
• Epi > 10 μg/kg improved initial return but not sustainable
• Pulmonary edema

Hiller.  Anesthesiology 2009;111:498.
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IS HYPERADRENERGIC STIMULATION 
DETRIMENTAL?

• Epinephrine
 — Is arrhythmogenic
 —  myocardial oxygen demand
 —  subendocardial perfusion
 — Causes pulmonary edema
• LA cardiac toxicity  contractility, 

worsened by acidosis
• Repeat boluses may aggravate toxi-

city
 — By causing intense vasoconstric-

tion
 — Increasing lactate

VASOPRESSIN + EPI  CPP MORE THAN LIPID IN 
A PORCINE MODEL OF BUPI-INDUCED ARREST

• 10 adult pigs with GETA
• 5 mg/kg bupivacaine
• CPR begun 1 minute post-arrest x 2 minutes
• Randomized

— 4 mL/kg lipid  0.5 mL/kg/min
— Vasopression + epi (0.4/45, 0.4/45, 0.8/200 U/kg and 

μg/kg) every 5 minutes
• 5 in the vasopressor group survives, 0 in lipid

Mayr. Anesth Analg 2008;108:1566.
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• Compliment activation-related pseudoallergy (CARPA)
— Hypersensitivity to liposomal preparations

- Mottling
- Hypoxemia

• Authors of 16 papers who did studies 1991-2011 contacted
— 12 replies

- 3 negative
- 9 reported mottling
- Shock state or 2° lipid?

• Are pigs an appropriate model?

Anesth Analg 2012;114:907.

DELAYED RESUSCITATION

• 32 rats with bupivacaine arrest (30 mg/kg)
• BLS x 10 minutes
• Treatment

— Saline-1 mL/kg @ 1, 3, 5 min then 5 mL/kg at 10 min 
and 0.5 mL/kg/min

— Epi-10 μg/kg @ 1, 3, 5, 10 min then q 3 min to RPP < 
20% baseline

— Lipid-1 mL/kg @ 1, 3, 5 min then 5 mL/kg at 10 min 
and 0.5 mL/kg/min

— Lipid+epi-same as lipid but epi 10 μg/kg @ 10 min 
(12, 15 if needed)

• Results
— Lipid+epi had marked improvement in hemodynamics 

to lipid at 25 min
- CPP higher
- Myocardial bupivacaine content lower

— Lipid alone (3/8 survived)
- Higher PO2
- Less severe acidosis

Li. BJA 2012;108:857.
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LIPID-ONLY RATS HAD LESS INTERSTITIAL 
PULMONARY EDEMA
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Este documento es elaborado por Medigraphic
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ASRA RECOMMENDS

REDUCING INDIVIDUAL DOSES 
OF EPINEPHRINE TO < 1 μG/KG

INTELLECTUAL LEAPS…

AMELIORATION OF LIPID SOLUBLE 
DRUG TOXIDROMES 

OVERDOSE IN THE ED

• 17 yr-old female
• Seizure activity and cardiovascular collapse

— 7.95 g bupripion (Wellbutrin XL)
- Dopamine, norepi and serotonin-reuptake inhibitor

— 4 g lamotrigine (Lamictal)
 - Blocks voltage-dependent sodium channels

• > 10 hours post ingestion cardiovascular collapse
• 100 mL bolus 20% lipid emulsion
• 1 minute later sustainable pulse

Sirianni. Ann Emer Med 2008;51:412.

n = 2

n = 3

n = 5
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WHERE ARE WE NOW?

ASRA 
Practice 
Advisory 
on Local 

Anesthetic 
Systemic 
Toxicity
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TIMING OF ONSET OF SYMPTOMS, N = 77
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Di Gregorio.  RAPM 2010;35:181.

SPECTRUM OF PRESENTING SIGNS, 
N = 93

CV
11%

CNS & CV
44%

CNS
45%

Di Gregorio.  RAPM 2010;35:181.

SPECTRUM OF CNS SIGNS

17%

7%

11%65%

Dizziness, Drow-
siness, Tinnitus, 
Perioral, Confusion, 
Dysphoria, Dysarthria

LOC

Agitation

Seizure

Di Gregorio.  RAPM 2010;35:181.

SPECTRUM OF CARDIAC SIGNS

Wide Complex
14% Hypotension

21%

Tachycardia
18%

Bradycardia/
Asystole

31%

ST Change, 
Pain, Dyspnea, 

HTN
10%

Ventricular 
Ectopy

6%

Di Gregorio.  RAPM 2010;35:181.

RECOMMENDATIONS FOR DIAGNOSING LAST

• Progression of subjective symptoms
— Vigilant

• Timing is variable
— < 1 minute - IV injection with direct access to brain
— 1-5 minutes - partial IV injection/slow circ time/delayed 

absorption
— > 15 minutes - consider monitoring for 30 min

• Heightened vigilance
— Underlying disease
— Extremities of age

• Have LOW threeshold for considering dx of LAST with 
atypical symptoms after receiving more than minimal dose

Di Gregorio. RAPM 2010;35:181

PREVENTION

Neal. ASA Newsletter. 2012;76:22.
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GET HELP!

Airway management/ seizure 
suppression

ACLS

Lipid bolus/ infusion rates

Avoid, alert and post

WWW.LIPIDRESCUE.ORG

WHAT’S ON THE HORIZON?

• Dissemination of guidelines for the treatment of LAST
• Studies elucidating the role of epinephrine/vasopressors 

in resuscitation needed with attention to:
 — Experimental design
 — Endpoints
• The development of anionic pegylated particles with in-

creased surface area that may be specifi c LA antidotes


