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Objectives

After this lecture, participants will be able to:

* Employ methods to mitigate the risk of LAST
* Explain mechanisms of lipid resuscitation

* Relate an example of translational research in anesthesiology
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UCSF 1976-1979 (IM — Med Genetics)

Hemochromatosis

These discussions are selected Irom the weekly staff conferences in the
Department of M. ] Unh y of California, San Fr / Taken
from transcriptions, they are prepared by Drs. David W. Martin, Jr., Asso-
clate Professor of Medicine, and Robert C. Slegel, Associate Professor
of Medicine and Orthopaedic Surgery, under the direction of Dr. Lloyd H.
Smith, Jr., Professor of Medicine and Chairman of the Department of
Medicine. Requests for reprints should be sent to the Department of
Medicine, University of California, San Francisco, CA 94143.

Dr. SMITH:* The ropic for discussion at Medical
Grand Rounds today will be that of hemochroma-
tosis. The case summary will be given by Dr. Guy
Weinberg.

Dzr. WeinserG:' The patient is a 43-year-old
white man who presented in the fall of last year
to the Metabolic Clinic with the chief complaint
of impotence, Five years ago the patient noted
the onset of difficulty of achieving and maintain-
ing an erection, &5 well as a reduced sex drive.

o e e At e etk

Lloyd Hollander “Holly” Smith

Black Swan

Black Swans: rare high-impact
events account for many major
scientific discoveries —

Nassim Taleb,

adapted from Wikipedia




Hillary Don Lydia Cassorla.

Bob Epstein
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Peter Geldner

Index Case, 1996

_Case Reports

Malignant Ventricular Dysrhythmias
in a Patient with Isovaleric Acidemia
Receiving General and Local
Anesthesia for Suction Lipectomy
Journal of Clinical Anesthesia 9:668-670, 1997

Guy L. Weinberg, MD,* Charles E. Laurito, MD,}
Peter Geldner, MD,} Bernard H. Pygon, MD,*
Barbara K. Burton, MD§

Department of Anesthesiology, University of Illinois College of Medicine, Chi

/.

Bud Pygon

« 20yo, bupivacaine 22mg, SQ.

|+ 3RD degree block, VT

~ |* Severe carnitine deficiency

Barbara Burton

13
Is There a Carnitine Connection?
— Does carnitine deficiency predispose to LAST?
— Is carnitine linked to bupivacaine toxicity?
— Does bupivacaine interfere with carnitine?
— What does carnitine do????
14
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Getting lucky

June Palmer

'8

Charles Hoppel

Biochemical Properties of Subsarcolemmal and

Interfibrillar Mitochondria Isolated from Rat Cardiac
Muscle*

{Received for publication, July 29, 1977}

June W. Pavmer,i BerNARD TANDLER, AND CHARLES L. Horrer$
ol Ve int 7 i

m the Veterans Administration Hospital and Departments of Pharmacology and Medicine, School
of Medicine, and the Department of Oral Biology and Medicine, School of Dentistry, Case Western
Reserve University, Cleveland, Ohio 44106

REQUIRED FOR FATTY ACID TRANSPORT INTO MITOS
Free Fatty Acids = Heart’s Preferred Fuel

15
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Carnitine-Deficient Animal

 Carnitine deficient rat: no luck
« PB Corr says fatty acyl-carnitines = arrhythmias
* S0 my reasoning was....

IF BUPIVACAINE BLOCKS FATTY ACID MITO UPTAKE, INCREASING
CELLULAR FATTY ACIDS SHOULD WORSEN TOXICITY, BUT NO...

THE OPPOSITE OCCURS!

17

Lipid Pretreatment Protects from LAST

Lipid Pretreatment
90 (15mL/kg)

David Visintine

Control  10% 20% 30%
Lipid Concentration

Median Lethal Bupivacaine Dose
mg
=3

18
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Bupiv + Saline |

Bupiv + Lipid —

Lipid Resuscitation Rat, 1998

e Sﬁc\‘m\;\;u ;

19
Dose-Response Resuscitation with Lipid
@ Saline Treated
-O-Lipid Treated
Weinberg, VadeBoncouer, et al Anesthesiology,1998
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Bupivacaine Bolus Dose (mg/kg)
20
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Lipid Resuscitation Dog, 2003

Lipid Reversal of Bupivacaine
Toxicity: Has the Silver Bullet Been

Identified?
Groban & - 160
Butterworth - 120_§
RAPM, 2003 g
m

80

401

21

CONSENT FORM
Authorization for Donation of Anatomical Gifts

* 32 yo ASA Class | male; ORIF 4" metacarpal shaft
 Trans-arterial axillary block with 40mL 0.5% ROPIVACAINE with epi
* Intercostal brachialis, 5SmL

* General Tonic-Clonic Seizure -> bradycardia --> V Fib

» Code Blue: intubation, ACLS protocol X 2 hour

5/3/24
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Clinical Translation, 2006

Anesthesiology 2006; 105:217-8 @ 2006 American Society of Anesthesiologists, Inc. Lippincott Williams & Wilkins, Inc.

Successful Use of a 20% Lipid Emulsion to Resuscitate a Patient
after a Presumed Bupivacaine-related Cardiac Arrest
Meg A. Rosenblatt, M.D.," Mark Abel, M.D.,t Gregory W. Fischer, M.D.,T Chad J. ltzkovich, M.D., James B. Eisenkraft, M.D.§

INTERSCALENE BLOCK for rotator cuff repair
20ml Bupivacaine 0.5% - 20ml Mepivacaine 1.5%
30 sec later, SEIZURE (Propofol 50+100mg); 90 sec later CARDIAC ARREST...
CPR: epinephrine,atropine,amiodarone,vasopressin, defibrillation.
PULSELESS VT... Within 15 sec OF LIPID pulse/blood pressure detectable

Anaedtreua 2005, 6, pages 800201

CASE REPORT
Successful resuscitation of a patient with
ropivacaine-induced asystole after axillary plexus block
using lipid infusion*

R. J. Litz, M. Popp, 5. N. Stehr and T. Koch

Aranstrena 2007, 62, pages $16-518

CASE REPORT

Levobupivacaine-induced seizures and cardiovascular

collapse treated with Intrnlipidc’°

G. Foxall,' R. McCahon,” J. Lamb,” J. G. Hardman® and N. M. Bedforth’

io-u toxische Dr. Rainer Litz
Nebenwirkungen nach
akzidenteller intravasaler
Bupivacainapplikation

Therapie mit Lidocain, Propofol

Avesthesiology 2007, 107516.7 Copyright © 2007, the American Society of Anesthesiclogists, Inc. Lippincott Williams & Wikics, Inc.

Lipid Reversal of Central Nervous System Symptoms of
Bunivacaine Toxicity

Andrew G. Spence, F.R.C.A., King Edward VII Memorial Hospital,
Hamllton, Bermuda. aspencedtransact.bm

24
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~2008: 4 cases in AA 4 cases in RAPM

MAY 200K, VOLUME 106, NUMBER §  ISSN 00032999 LeTrins 10 T Evross
7O ®
i ;3 7 O
</ <
et Imenediate Upid Emedsion
Therapy in the Successtul

Treatmwnt of Buphacane

ANAI @ESl A T

o e Fl
Immediste Intravenous Lipid
Infustion in the Scccesstd
Ressctation of
Ropivacaine-irduced
Cardiac Arrest After
Infracknviculy Brachial
Pl Block

A

Mo e Paba
o s

25

Case Report,2010

Case Report
Successful resuscitation of bupivacaine-induced
cardiotoxicity in a neonate

ERICA P. LIN up AND LORI A. ARONSON mo
Drpertmet of Ancthesiogy, Circimati Chiders Hopviel Modical Cower, Cincimmet, OFL

ET CO,:

ETCO2
B -7 e o
_—
t =8:50, HR 157, [ K
| !
Time (min)
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Lipid in London Hospitals, 2009

Picard et al, Anaesthesia, 2009
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27

AAGBI & ASRA LAST Adyvisories, 2010

AMERICAN SOCIETY OF
REGIONAL ANESTHESIA AND PAIN MEDICINE

iy Practice Advisory on Treatment
oty of Local Anesthetic Systemic Toxicity

= Confirn or establish Intravanous access

7

William Harrop-Griffiths £ John Picard Rick Rosenquist

>

I:J.oe Neal

28
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Journal of Controlled Release 198 (2015) 62-70 ? —
Contents lists available at ScienceDirect ’Outrnallolt d
‘g controiic
Journal of Controlled Release m

release

journal homepage: www.elsevier.com/locate/jconrel

Multi-modal contributions to detoxification of acute pharmacotoxicity by @mem
a triglyceride micro-emulsion”™*+"* "

Michael R. Fettiplace *%, Kinga Lis *®, Richard Ripper *®, Katarzyna Kowal *°, Adrian Pichurko *°,
Dominic Vitello ? Israel Rubinstein ®<, David Schwartz 2 Belinda S. Akpa ®*, Guy Weinberg *>*

A Recovery of carotid flow B Cardiac decay
3 B 600,
L g ® v Null Triglyceride micro-emulsion
E ‘é’ 0 for detoxification of acute
H § - pharmacotoxicity.
§ é Editorial, K Park JCR, 2015
* o & Impact Factor: 11.5
Time (min) Time (min)

29

Lipid Accelerates LA Redistribution

* Partitioning + Inotropy = Redistribution

* Primary effect is pharmacokinetic

* PK effect is quick & dynamic (shuttle) not static (sink)
* Other effects occur, too: cytoprotection (RISK, Akt)

A reproducible PK effect

30
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Lipid vs Pressors in ACLS for LAST

Lipid

Epi

ADH

5/3/24

31
Same Effect in the Clinical Setting
250+ EM—A ToxicoLoGy
200+
= Successful resuscitation from
I 150 bupivacaine-induced cardiovascular collapse
E with intravenous lipid emulsion following
~ 1004 femoral nerve block in an
% emergency department
50 ekt Horgia,Hormikon and Wit Hospitl, owes Mty New Zevlsnd
c L} : L L U ) T L L}
-10 0 10 20 30 40 50 60 70
Time (min)
32
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Historical Recognition of LAST

Mayer E. The

xic Effects
Anesthetics. JAMA, 1924.
toxicity inv.

llowing the Use of Local

ing cocaine or procaine

Volume 51, No. 4
October 1979

— ety

THE AMERICAN SOCIETY OF ANESTHESIOLOGISTS, INC.

Anesthesiology
51:285-287, 1979

Editorial Views

Cardiac Arrest Following Regional Anesthesia
with Etidocaine or Bupivacaine

33
ASRA Working Group, 2022
Overarching Theme: Improving Patient Safety
~ Members: Clinical: B presentation
— Guy Weinberg, Chair Inical- 8 epidemiology
— Joe Neal, Co-Chair
, i SCL[ITeifo] Il < system vulnerabilities
— Marina Gitman
—  Michael Fettiplace N simple, unambiguous
* cognitive aids
* beyond
anesthesiologists
34
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ASRA LAST Advisory

Local Anesthetic
Systemic Toxicity

Checklist

+ Ensure adequate airway

« Benzodiazepine preferred

« If only propofol availsble, use kow
dose, e.9., 20 mg increments

EPINEPHRINE
Smaller than normal dose
preferred

- Start with <1 meglkg

35

Rate of LAST: Rare....Or Not?

Frequency Estimates Since Mulroy, 2002
(rate = events per 10,000)

» Auroy 2002 1.4
* Orebaugh 2012 11
« Sites 2012 0.8
* Barrington 2014 8
*Liu 2015 0.4
*Heinonen 2015 3.6
* Morwald 2017 18
* Rubin 2018 18

v 0/9096 with US

with ultrasound guidance
Odds Ratio 0.2 for US
2009-2014; 3/80,000; 2 w US
after eliminating epidurals

36
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Cardiac History in Reports of Lipid Rescue from LA Toxicity
= Susceptible Groups:

Rosenblatt: prior Ml, RBBB and LAHB, angina
Litz I: LABB, Stokes attacks, MVR, TVR
Warren: S/P MI, RBBB, HTN

Foxall: stable angina, QwV1-3, PAC

Litz [I: 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

37

Known Susceptible Populations:

« <6 months (PRAN) = >6X increase (Polaner)
 Elderly, Frail
« Sarcopenia

Cardiac Dz

Na Channel-blocker

Mitochondrial Myopathy
NB: SMALL PATIENTS AT GREATER RISK

38
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Most Recent Update on Susceptibility

Local anesthetic dosing and toxicity of adult truncal
catheters: a narrative review of published practice

Brittani Bungart @ ,'? Lana Joudeh,? Michael Fettiplace @ '?

Bungart B, et al. Reg Anesth Pain Med 2023;0:1-14

Box 1 Risk factors for local anesthetic systemic toxicity

identified in catheters

Low weight Conclusion and remaining questions

High weight-based dose ; : o : Aacaine - E
- Multiplefbllateral cathetats In c:onc:lusmn, we investigated the use of bup‘lvacame and ropiv

— Prolonged duration (>72 hours). acaine in PVB and TAP catheters across the literature and found
= Breakthrough doses. frequent use of doses in excess of the package insert upper limit

Hypoalbuminemia . . s . .
Art?:min displacing drugs (amitriptyline). recommendations. We also identified cumulative dose in adult

Cardiac surgery/ischemic heart disease. patients as a consistent risk factor for toxicity, contrary to prior

tiver failurelresection; meta-analysis® and expert opinion.*’
Cytochrome P450 inhibiting medications. ¥ P p )

39

39

30 cases of toxicity, 3 deaths

Dose was the #1 risk factor for toxicit

20



Reports of LAST Fatality Increase:
FDA Adverse Event Reporting System |

w

o

o
]

Number of reports of death
N
o
o
|

N DX 0 08 0 9 QN A aX
NANNNNNNNNNDPAADQ
R N N N GG

Reports of local anesthetic associated death 2012-2023 increased
approximately 15% per year relative to baseline level in 2011 (Fit line with

intercept of y=80 at 2011 and slope of 12.55 reports per year, R2=0.62)

41

41

LAST: Evolving Clinical Context

Non-anesthesia providers: ~50%
Out of hospital: 20%
Out of OR: 30%

Delayed >10min (50%) or CV 1st

And maybe the biggest surprise.....

42
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Different ‘Leader’ in LAST

Gitman and Barrington, 2018

Since 2018:

Bupivacaine

Lidocaine

Ropivacaine

Mixture LA

Levobupivacaine

Lidocaine 60%:

(alone 40%, combined 20%)

Ropivacaine 10%
Bupivacaine 10%

Topical and field blocks

Chloroprocaine

Aricaine Nasal/oral/airway: 20%

g ® P.,,i.‘?,,wge * Al | idocaine infusion
43

block drug dose timing | comment Dr | result

fem |bup |200 Imr7ed/ 675% i\\ Died

SQ  |Bup/lid |220,450 3oPn\|HR y Died

S~ ]

SQ Bup/lid | 70,880 |30m |Cocaine; S |Survived
., phentermine impaired

Klein's __

sSQ |bup |100 <10?/ wrist fracture | R Died

SQ bup 50 10m\ lipoma §/ Died

SQ bup 22 10m |Cn def S |Recov

Klein’s

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

axillary | rop 200 immed |transart A |Died

44
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Lidocaine Toxicity and (over)Dosing

Dose (mg) Timing Provider
Plain

11mo "Copious” Topical Delayed Parent
48y 79 100 ESP Immediate Anesthesiologist No
42y 57 330 Interscalene + Immediate Anesthesiologist Yes
Field
35y 73 Intravenous Delayed Anesthesiologist No
48y 67 200 Field Delayed Surgeon Yes
22y 56 600 Field Delayed Surgeon Yes
60y 58 800 Posterior tibial Immediate Anesthesiologist Yes/No
47y 64 800 Field Delayed Surgeon Yes
53y 37 600 Field Cardiologist Yes
Sy 1200 Topical Delayed Parent Yes
7y 800 Topical Delayed Parent Yes
45
Revista Portuguesa de Sardlol gy
‘ Cardlologla i
rtuguese Journal of Card:olagy =

Portuguese Saciety of
CARDIOLOGY

CASE REPORT

Lidocaine-induced central nervous system toxicity
during implantable cardioverter defibrillator
placement - A case report and literature review

Marisa Nunes Silva®, Ana Ferro, Isabel Fragata

I

53yo female, dilated cardiomyopathy, HFrEF, elective ICD.

37 kg, 85/40 mmHg, 200 mg lidocaine for local anesthesia. Pain —>
400 mg more (total,16mg/kg). Shortly after, LOC, GCS 3. Epi, no
effect. Anesthesiologist called to evaluate. 20% lipid emulsion 1.5
mL/kg bolus + infusion @ 0.25 mg/kg/min. Neuro-status improved

to GCS 10, regained full consciousness.

46
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Systems Can Mitigate Risk of LAST

* ID high-risk patients
* Checklist: pre-block and during LAST
 Timeout: dose limit, risks

ABOVE ALL, USE COMMON SENSE!!!!

47

Consider Systems Refinements that Could Reduce
Risk of LAST In Your Institution or Facility

* Who does the blocks?

* Who documents (time, aspiration, dosing)
» Who supervises blocks?

* Is monitoring sufficient?

« USGRA...but this isn’t a panacea

« Who monitors patients after the block

« Are there contraindications to PNB?

* Timeouts....including weight, med hx

* Is there a weight-based dosing limit?

« Standard formulation of LA?

48
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Bupropion/Lamotrigine Suicide Attempt
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More Than 90 Minutes CPR

Interventions

Vital EKG . R
/i Shock, I . esponse/ CPR:
Signs Rhythm Dprr“'&%d‘:”'eﬁmha on Comments (yes/no)

(221]9  [BTIOH] ool Epe ot u
222 Pal v Lot (o @ Qo timsco) Epi: 18m
224 | Yey :g/tbmg Oeen ./ 385 p g

Lol G { Shocks: 11 X
¢oc . 0 ) Ca 19
I ‘ Mg 19
[ludos. O HCO;  150meq
Amio 300mg
Max: Dop, NE, E
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SOPeTES IS 2vato0re o SenCo P
& Resuscitation TOXICOLOGY/CASE REPORT
PR
journal homepage: www.elsevier.comiiocate/resuscitation = . L. . . . L. n g -
Use of Lipid Emulsion in the Resuscitation of a Patic
Case reports > 15 l ‘i( { = l - C ” ‘,\f‘,.().\ 1 -
Intravenous fat emulsion therapy for intentional sustaingfi-release verapami ro Ollg(( —ardiovascuiar Lo ‘]PS( Alter Uverdosce
overdose and Lamortrigine
Amy C. Young*b+, La
R Archie J. Sirianni, MD From the Department of Anesthesiology (Sirlanni) and Division of Cardiology (Goodkini, Riddie

“

CASE REPORT
Early treatme sertraline overdose
with Intralipid™

on81 2010) 1077109

Contents lsts avsilable at ScienceDirect Ditornt of Amsathesa, Wost

Resuscitation

journsl homepage: www.elsevier.com/locate/resuscitation

Howia i
mernency Medine Lty A (st
o s Hopaat Faranto, Al vt

nhl kun Allan \\xlhum MD™
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Meta Analysis of Animal Studies

*LAST: O.R., 0.26 P<0.000027
* Other: O.R., 0.43 P<0.0135

<—— FavorsILE  Favors Control = . Bushey 2011 - 0.5 (0.096 2.6,
Akgun 2016 ——y 0.25 (00226 2.75) Cave 2 [ — 0.04 (0.0022 1.02
£l
Banks 2007 — 0.015(0.00050.44) de Q 2014 R 0.04 (0.0034 0 66
ameiro 2014 pu—— 0107 (00138 0 83) e UelfOZ 0.2 (0.0072 5.6
Cava 2608 (o) [ 02(00076503) 1 Eo —— 2 logera,
Cave 201 —_—— 0084 (0.0023 1.79) DiGregorio 20 9 - Y Y 1
Chu 2011 —. 225 (047 29.76) Gokahmeloglu 2014 —————| 0.02 (0.001 0.44
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St 3015 pm———— 012800062 362) Wi Levodinercar 186 (0.283 1231
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i ———y 0533 (005794 91) Karci 2000 -— 0.11 (0.0054 2.42
Wi Epi &.V] ———y 631802688 172.29) Rarc 0.2210.0168 2.9
Futton 201i [ —— 1(00174 57 31) Karcxoglu 2014 ——— .. . .
s PR 2012 —_—— 0.09 (0.0039 2.16
/ —_——— 1(0 058 —— 0.2 (0.0233 1.71)
WEREVD —— 10 Litonius 2012 0.16 (0.0068 3.84)
Garg 2018 e 454 (0.0355 5.81) | 3.31 01291
wf Prahdonme -t 08 094) w/ M —_— e, .
Gracn 2017 ————y 076 (0.003 1.95) Mauch 20 2 —— 6)
¥ - n 0.014 (00006 0.32) Mauch 2011 [ —— 11.47 (0 5489 239,66, )
Hawoy 2014 —— 127 (0.0045 3. S‘t 121 (2.0167 7259.72)
2007 - 40012&00.2;33 76) W hgayr gggg —_—— oa £
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Moshel 2014 ———t 037 10,0035 49.60) o Loamiline —— 0(00.12)
Moshir 2013 booe wg)mnm»l 2017 0.03 (0.00150.71
e e e 500485 15) Wong 2017 1 F———=——4 0.06 (0.0045 0.97
Nafea 2018 —— 064 (0.0105 0.4) Yoshimoto 2017 —— .S
O'Sullivan 2014 .y 146000583 7) 0.16 (0.1 0.33) 2=4.19
:vs\ i ——— 1‘;'?, l:u %5 ?‘?37 ) LAST TOTAL - p=0.000027 Cohen’s-D=1.0
iERis Ve — . 7774 26 11) 0.26 (0.16 0.44) Z=5.21
ercnon 201 i) e Bl TOTAE * 22000001 Sonane-deo.72
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/amey —— ) N N N N S
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Simplest Possible Demonstration, for LAST

Chart Window

l l

LVP (mmHg)

T T T T T T T T T T T
700 710 720 730 740 750 760 770 780 790 800

53

© Use of intravenous lipid emulsion
therapy as a novel treatment for
brevetoxicosis in sea turtles.

Red Tide
Brevetoxin:

Perrault, Barron, Malinowski, Milton and Manire
Nature, Scientific Reports. (2021) 11:2416

...plasma brevetoxins declined
faster compared to turtles that
received onéy SSC; survival

rate was 94% (17/18), which is
significantly higher than
standard supportive care
(47%, 46/99). Nearly all
symptoms were eliminated
within 48 h, whereas using
SSC, symptom elimination
could take up to seven days.

54
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A Career Path Is Not a Straight Line

55

“Chance favors the prepared mind”
- Louis Pasteur, 1854

Patience Look for the black swan

Luck Keep asking, ‘Why’?

56
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It’s All About the People!
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