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Topics for Today
LAST

FUTURE CHALLENGES 

LIPID



Classic Treatments for LAST 
Have Miserable Outcomes









maybe higher… under-reporting and misdiagnosis

Mulroy M. Systemic Toxicity and Cardiotoxicity From Local Anesthetics: 
Incidence and Preventive Measures. Regional Anesthesia and Pain 
Medicine, 2002; 27: 556–561

INCIDENCE SYSTEMIC TOXIC REACTIONS

• ~7.5 – 20/10.000 PERIPHERAL NERVE BLOCKS

• ~1/10.000            EPIDURAL  ANESTHESIA

Epidemiology

Cardiac arrest with PNB  ~1/5000 (MH ~ 1/20,000-50,000 ~3 deaths/year).

maybe lower now … USGRA



The danger of experiential practice: 
Rare, uncommon events can be viewed as irrelevant 

We’re all familiar with the refrain……
“That’s never happened to me”

As though, ‘that never could happen to me’

Remember, inference, like hubris, is not our friend



block drug dose timing comment Dr result

fem bup 200 Immed .675% A Died

SQ Bup/lid 220,450 30m IHR S Died

SQ
Klein’s

Bup/lid 70, 880 30m Cocaine; 
phentermine

S Survived
impaired

SQ bup 100 <10m wrist fracture S Died

SQ bup 50 10m lipoma S Died

SQ
Klein’s

bup 22 10m Cn def S Recov

caudal bup 25 (2/k) Immed infant A Recov

axillary rop 200 immed transart A Died



Reg Anesth Pain Med 2008;33:416-422

Claims with eye or peripheral 
nerve blocks performed 
perioperatively from 1980 
through 2000 were analyzed. 
The injury patterns 
associated with peripheral 
nerve blocks and payment 
factors were analyzed.

Local anesthetic 
toxicity was 
associated with 7 of 
19 claims with death 
or brain damage.



Emerging Patterns 
of Local Anesthetic Toxicity

• Non-anesthesia providers
• Office and off-site
• Atypical presentation
• Susceptible populations:

– Elderly, metabolic disease
– Very low cardiac output
– Interval events: tourniquet, acidosis

• CNS: Extremely variable presentation
• Cardiac: variable and variable timing (late 

LAST) 
– Any arryhthmia; 
– Progressive bradycardia and hypotension



Cardiac History in Reports of Lipid Rescue from LA Toxicity
= Susceptible Groups: 

Rosenblatt: prior MI, RBBB and LAHB, angina
Litz I: LABB, Stokes attacks, MVR, TVR
Warren: S/P MI, RBBB, HTN
Foxall: stable angina, QwV1-3, PAC
Litz II: CAD, MVR
Smith: S/P CABG, 2 stents

Note the unintended benefits of LipidRescue Resuscitation:
More reports; clearer definition of clinical phenotype of LA toxicity. 
More insights into underlying mechanism and difference from lab models





A Close Call in a Patient with a 
Metabolic Disease

20 yo patient with isovaleric acidemia: 
During SQ injection of bupivacaine, he 
develops arrhythmia with systolic BP 70, 
then complete heart block, then VT. 
Bupivacaine dose= 22mg.
Patient is severe carnitine deficiency

Weinberg, G.L., Laurito, C.E., Geldner, P., Pygon, 
B., Burton, B.J. Clin Anesthesia 1997



Carnitine

REQUIRED FOR FATTY ACID TRANSPORT INTO MITOS
AND ATP SYNTHESIS FROM HEART’S PREFERED FUEL

Charles Hoppel

http://upload.wikimedia.org/wikipedia/commons/8/8d/Carnitine_structure.png
http://images.google.com/imgres?imgurl=http://pharmacology.case.edu/department/faculty/primary/images/Hoppel%20151x174jpg.jpg&imgrefurl=http://pharmacology.case.edu/department/faculty/primary/default.aspx&usg=__7TIw-OzjiGFcGjPKG7Mod79egjI=&h=174&w=151&sz=30&hl=en&start=2&sig2=bSgVSblklDCnmA1q354kyQ&um=1&itbs=1&tbnid=vjHTf2QE563v5M:&tbnh=100&tbnw=87&prev=/images?q=charles+hoppel&um=1&hl=en&safe=active&sa=N&tbo=1&rls=com.microsoft:en-us:IE-SearchBox&rlz=1I7GGIH_en&tbs=isch:1&ei=o9SwS7DRFIniMejg6ZkF


Substrate Utilization

Bupivacaine



Control vs. Lipid Rescue (15mg/kg)

Weinberg G. Reg Anesth Pain Med. 2002, 27:568-75
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Translation of laboratory findings
to the clinical setting

INTERSCALENE BLOCK  20ml Bupivacaine 0.5% - 20ml Mepivacaine 1.5%
Within 30 sec seizures (Propofol 50+100mg); 90 sec later CARDIAC ARREST… 
CPR,O2-ventilation,epinephrine,atropine,amiodarone,vasopressin, defibrillation… 
PULSELESS VT… Within 15 sec OF LIPID pulse/blood pressure detectable

… the first successful use of Lipid

YES!! 
Meg Rosenblatt (RAINER) saves the day





Picard et al, Anaesthesia, 2009

ADOPTION OF LIPIDRESCUE IN LONDON HOSPITALS





“In summary, there is convincing anecdotal and
experimental evidence that IFE is effective in treating
toxicity caused by local anesthetics”.

“..Current evidence suggests that IFE should be 
administered as soon as a diagnosis of local anesthetic 
toxicity is established, …”







RECOMMENDATIONS:
•Oxygenation/ Ventilation!
•CPR
•Seizure Control (BDZ preferred)
•20% LIPID 1.5ML/KG BOLUS
•INFUSION 0.25-0.5ML/KG/MIN X 30min
•REPEAT BOLUS x 2 IF NEEDED
•NO Propofol, CC or ß Blockers, LAs
•Ready Cardiopulmonary Bypass *
•Don’t give up – bupivacaine is protective



Emil Mayer on LAST, 1924
1. “Such accidents are more frequent than is 
commonly supposed”
2. “Unexplained differences in susceptibility exist”
3. “A proportion of cases are avoidable mistakes”
4. “In treatment, the first place must be assigned to 
artificial respiration, perhaps with cardiac massage”
5. The committee advises strongly against the routine 
use of morphin and epinephrin in the treatment of 
accidents”



Lipid vs Pressors

Lipid

Epi

ADH



Lipid + Epinephrine:
Paradox of Initial Recovery



Epinephrine Impairs Outcome



Things you should know about ILE
• Need 20%, start with bolus then follow
• Dose to ideal body weight (esp in US)
• Infusion rate is not precise (roller clamp OK)
• Don’t forget to turn it off (12mL/kg/30min)
• Works with ALL local anesthetics
• Early is better
• Safe – scant evidence of adverse events
• Less pressor therapy (NO vasopressin)
• Severe CAD can impair efficacy of ILE



Mazoit et al ASA ’08  in vitro lipid LA binding

SO, HOW DOES IT WORK?



This is in vitro experiment shows very rapid drop of ‘free’ (nonlipid-bound) local 
anesthetic concentraton in 1% solutions of Intralipid or Medialipid over time. The 
starting concentrations of both local anesthetics is 125mg/L. Intralipid binds more 
anesthetic than Medialipid and each lipid binds more bupivacaine than ropivacaine.

Mazoit et al. Anesthesiology 2009; 110:380. 

Rapid binding of local anesthetics by lipid emulsions

33





Typical initial lipid resuscitation bolus: 100mL of 20% = 20g fat

Total fat in a single serving of chicken soup: 27.2g 



But, there is more to lipid than a sink 





“Intravenous lipid emulsion infusion reduced the context-sensitive half-life of 
total plasma bupivacaine from 45 min to 25 min; p = 0.01. We observed no 
significant adverse effects of lipid emulsion. In conclusion, lipid emulsion 
may slightly increase the rate of bupivacaine tissue distribution. No ‘lipid 
sink’ effect was observed with the non-toxic dose of bupivacaine used”.

Drug Redistribution: 
Rethinking the “Sink”



DIRECT CARDIOVASCULAR BENEFIT
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Mechanisms of LipidRescue
-More than a Sink

43





Mechanism(s) Summary
INTRACELLULAR

(METABOLIC)

MEMBRANE
(CHANNEL OR SIGNALLING)

INTRAVASCULAR
(SINK + Redistribution)



SO, WHAT’S NEW?

Or Controversial





Pediatric Anesthesia 21 (2011) 1103–1108

Administering epinephrine resulted in an 
overshoot in MAP over baseline by factor 
1.5–2.5 and in heart rate by factor 1.4–1.9.
With epinephrine administration, self-
limiting tachy-arrhythmias were observed, 
sometimes transiently compromising blood 
pressure.
For the treatment of severe 
hemodynamic compromise owing to 
bupivacaine intoxication in piglets, first-
line rescue with epinephrine was more 
effective than Intralipid

Single bolus only





Archie Sirianni saved the day



>90  Minutes Total CPR

1min after 100mL lipid, ROSC, CPR stopped, QRS 
narrows. Patient recovers, neurologically intact.



Toxicologists Now Aware of Lipid Therapy















Figure 9.  Arterial pressure. Bar ,1min. First arrow, cocaine 5mg/kg; 
second arrow, lipid.

Figure 10. Continuous ECG. Each strip is 5 sec;
arrow, lipid.









After the three-hour procedure, Sobrino left the clinic, without ensuring 
his patient was in stable condition, investigators said. They said he left 
Javellana with no nurse, only a medical assistant, and without discharge 
instructions or a follow-up phone number. 

After the procedure, Javellana vomited and was drowsy. She was told an 
adult should pick her up and stay with her for 24 hours, but not the 
reason. When no one came to pick up Javellana, Sono Bello staff put her 
in a cab alone, with no idea of where she was going, the state said. 
Javellana died in a hotel room the next day. The King County Medical 
Examiner ruled she died from 'acute lidocaine intoxication'.





Are New Laws or Regulations Required
To Improve Safety in ‘Cosmetic Surgery’?



Conclusions

• LAST occurs despite our best efforts
• Preparation makes a difference
• Lipid infusion makes a difference
• Education makes a difference
• Let our colleagues know about LAST
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