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Abstract  Intravenous  lipid  emulsions  (ILEs)  have  been  used  widely  for  the  treatment  of  local
anesthetic (LA)  poisoning  and  have  been  proposed  as  a  treatment  for  intoxication  by  other
drugs. However,  the  degree  of  evidence  for  this  kind  of  therapy  is  not  strong,  as  it  comes
mostly from  clinical  cases.

The  aim  of  this  narrative  review  is  to  describe  the  proposed  mechanisms  of  action  for  ILEs
in poisoning  by  LA  and  other  drugs  and  to  evaluate  recent  studies  in  animals  that  support  the
recommendations  for  their  use  and  the  experience  in  humans  that  support  the  use  of  ILESs  in
both LA  and  other  drug  poisoning.  For  this  purpose,  a  search  was  performed  in  the  Embase,
Medline and  Google  Scholar  databases  covering  relevant  articles  over  the  last  10  years.

In the  case  of  AL  poisoning,  we  recommend  applying  the  protocols  dictated  by  international
guidelines,  knowing  that  the  degree  of  evidence  is  not  very  high.  In  poisoning  by  other  drugs,  ILEs
are recommended  in  serious  situations  induced  by  liposoluble  xenobiotics  that  do  not  respond
to standard  treatment.
© 2021  Sociedad  Española  de  Anestesioloǵıa,  Reanimación  y  Terapéutica  del  Dolor.  Published
by Elsevier  España,  S.L.U.  All  rights  reserved.

PALABRAS  CLAVE Emulsiones  lipídicas  en  la  intoxicación  por  anestésicos  locales  y  otros  fármacos.
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Revisión  sobre  mecanismos  de  acción  y  recomendaciones  de  uso

Resumen  Las  emulsiones  lipídicas  intravenosas  (ELI)  se  han  utilizado  ampliamente  para  el
tratamiento de  la  intoxicación  por  anestésicos  locales  (AL)  y  se  han  propuesto  como  tratamiento
de la  intoxicación  por  otros  fármacos.  Sin  embargo,  el  grado  de  evidencia  de  este  tipo  de
terapias no  es  sólido,  ya  que  proviene  en  su  mayoría  de  casos  clínicos.
� Please cite this article as: García-Ramos S, Fernandez I, Zaballos M. Emulsiones lipídicas en la intoxicación por anestésicos locales y
tros fármacos. Revisión sobre mecanismos de acción y recomendaciones de uso. Rev Esp Anestesiol Reanim. 2022;69:421---432.
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El  objetivo  de  esta  revisión  narrativa  es  describir  los  mecanismos  de  acción  propuestos  para  las
ELI en  la  intoxicación  por  AL  y  otros  fármacos,  y  evaluar  los  estudios  recientes  realizados  en
animales que  sustentan  las  recomendaciones  de  su  uso  y  la  experiencia  en  humanos  que  apoyan
el empleo  de  las  ELI  tanto  en  la  intoxicación  por  AL  como  por  otros  fármacos.  Para  ello,  se
llevó a  cabo  una  búsqueda  en  las  bases  de  datos  Embase,  Medline,  Cochrane  y  Google  Scholar
abarcando  los  artículos  relevantes  durante  los  últimos  10  años.

En caso  de  intoxicación  por  AL,  se  recomienda  aplicar  los  protocolos  dictados  por  las  guías
internacionales,  sabiendo  que  el  grado  de  evidencia  no  es  muy  elevado.  En  la  intoxicación
por otros  fármacos,  las  ELI  están  aconsejadas  en  situaciones  graves  inducidas  por  xenobióticos
liposolubles  que  no  responden  al  tratamiento  estándar.
© 2021  Sociedad  Española  de  Anestesioloǵıa,  Reanimación  y  Terapéutica  del  Dolor.  Publicado
por Elsevier  España,  S.L.U.  Todos  los  derechos  reservados.
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n  1998,  Weinberg  et  al.1 described  the  therapeutic  value  of
ntravenous  lipid  emulsions  (ILE)  in  the  treatment  of  local
naesthetic  systemic  toxicity  (LAST)  in  an  animal  model.
ears  later,  in  2006,  the  first  case  report  of  successful  treat-
ent  of  severe  bupivacaine  toxicity  with  ILE  was  published2.

ince  then,  dozens  of  case  reports  have  been  published,
ccompanied  by  extensive  experimental  research  in  which
LEs  have  been  used  in  the  treatment  of  bupivacaine  and
ther  LA  toxicity.

Various  scientific  societies,  especially  the  American  Soci-
ty  of  Regional  Anesthesia  (ASRA),  have  come  out  in  favour
f  the  use  of  ILE  in  LA  toxicity.  In  2001,  at  the  first  ASRA
onference  on  Local  Anesthetic  Toxicity,  ILE  was  suggested
s  a  possible  treatment  for  LA  toxicity  based  on  existing  lab-
ratory  and  animal  experimentation  data.  Subsequently,  in
008,  a  new  panel  of  experts  met  to  discuss  the  issue,  and
n  2010  the  second  ASRA  Practice  Advisory  on  Local  Anes-
hetic  Systemic  Toxicity  was  published,  which  included  the
efinitive  use  of  ILE  in  the  protocol3.

This  type  of  antidote  is  now  recommended  by  all  anaes-
hesia  scientific  societies  for  the  treatment  of  LA-induced
ystemic  toxicity4---6.

Its  mechanism  of  action  is  considered  to  be  multimodal,
nsofar  as  it  includes  effects  that  go  beyond  the  commonly
ccepted  lipid  sink  mechanism7---10,  according  to  which  the
ipid  emulsion  reduces  the  toxic  effect  of  LA  by  sequester-
ng  its  lipophilic  molecule.  Based  on  this  theory,  ILE  has
lso  been  proposed  as  a  treatment  for  toxicity  by  other
ubstances  or  lipid-based  toxins.

The  aim  of  this  article  is  to  review  the  known  mechanisms
f  action  of  ILEs,  the  evidence  supporting  their  use  in  the
eversal  of  LA  toxicity,  their  efficacy  in  the  treatment  of
oxicity  by  other  substances,  and  finally,  the  uncertainties
egarding  their  use.
aterial and method

he  leading  databases  (Pubmed,  Embase,  Cochrane  and
oogle  Scholar)  were  searched  for  articles  in  English  and

I
t
c
v

42
panish  published  between  1998  and  August  2020.  The  key-
ords  and  terms  used  for  the  search  were:  lipid  emulsion,

oxicity,  local  anesthesic  toxicity,  intralipid,  fat  emulsions
 toxics,  toxicology.  The  terms  were  used  both  individually
nd  combined  with  the  and  operator.  We  also  tracked  cita-
ions  retrieved  from  the  articles  selected  in  the  first  search.
linical  trials,  animal  studies,  meta-analyses,  clinical  prac-
ice  guidelines,  and  case  series  were  included.

echanism of action of lipid emulsions

lthough  not  fully  understood,  various  evidence-based  the-
ries  have  been  put  forward  to  explain  this  mechanism  of
ction.

he  scavenging  and  shuttle  mechanism

he  most  widely  accepted  explanation  for  the  mechanism  of
ction  of  ILEs  has  for  many  years  been  the  lipid  sink  effect,
hereby  these  emulsions  act  as  an äbsorbing  molecule’’

hat  sequesters  the  LA  and  diverts  it  from  critical  organs
uch  as  the  heart  and  brain.  This  means  that  ILEs  do  not
ct  an  antidote  for  a  particular  LA,  but  are  instead  con-
idered  a  non-specific  treatment  based  on  physicochemical
rinciples.  Other  theories  involving  dynamic  mechanisms,
uch  as  scavenging  and  shuttle,  have  now  been  added  to  this
‘static’’  mechanism.  According  to  this  hypothesis,  the  ELI
equesters  and  transports  bupivacaine  molecules  and  other
oxins  from  organs  susceptible  to  toxicity  and  redistributes
hem  to  other  organs  where  the  drug  is  stored  (muscle,  adi-
ose  tissue)  and  detoxified  (mainly  the  liver)11,12.  This  is  due
o10 the  capacity  of  the  lipid  molecule  to  bind  to  different
rugs,  and  the  capacity  of  the  emulsion  to  redistribute  the
rug.

inding  of  the  drug  to  the  lipid  molecule
he  most  commonly  used  lipid  emulsion  in  our  setting  is
ntralipid® 20%  (Fresenius-Kabi,  Barcelona,  Spain),  Other
ypes  of  lipid  emulsions  are  also  used  to  treat  LA  toxi-
ity,  and  all  are  considered  valid  provided  they  have  a
egetable  oil  concentration  of  20%,  since  this  has  been

2
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Table  1  Types  of  lipid  emulsions  used  in  various  studies.

intralipid® Clinoleic® Lipofundin® Structolipid® Ivelip® Liposyn® III  Nutrilipid®

Soy  oil;  g/l 20  4  10  12.8  20  20  20
Olive oil;  g/l  ----  16  ----  ----  ----  ----  ----
Coconut oil;  g/l  ----  ----  10  7.2  ----  ----  ----
Egg phospholipids;  g/l  1.2  1.2  1.2  1.2  1.2  2.5  1.2
Glycerol; g/L  2.5  2.25  2.5  2.2  2.5  2.5  2.5
Sodium oleate;  g/l  ----  0.03  ----  ----  0.03  ----  0.03
Percentage  of  long  chain  FA  100  100  50  50  100  100  100
Percentage  of  medium  chain  FA  50  50
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The different types of ILE used in LA toxicity are shown. Note tha
FA: fatty acids; ILE: intravenous lipid emulsions; LA: local anaesth

efined  as  standard  in  the  international  guidelines13. Table  1
ists  the  different  types  of  lipid  emulsions  used  in  different
tudies.

Intralipid® mainly  contains  purified  soybean  oil  and  other
xcipients,  particular  egg-yolk  phospholipids.  The  emulsion
resents  phospholipids  in  the  form  of  unilamellar  vesi-
les,  micelles  and  clusters  of  sterols  with  a  hydrophobic
ore.

Micelles  are  spherical  clusters  of  phospholipids  with  a
ydrophobic  (nonpolar)  core  and  a  hydrophilic  (polar,  neg-
tively  charged)  surface.  This  arrangement  allows  LAs,
hich  are  weak  bases  with  both  an  ionized  and  un-ionized

orm,  to  bind  to  the  nonpolar  core  of  the  micelle  and
lso  the  negatively  charged  hydrophilic  surface.  However,
he  main  mechanism  is  thought  to  involve  binding  to  the
onpolar,  hydrophobic  portion  of  the  micelle  (Fig.  1).
herefore,  the  more  lipid  the  drug,  the  more  effec-
ive  the  ILE.  ILEs  are  more  effective  at  reversing  the
oxicity  of  more  lipophilic  LAs  such  as  bupivacaine  com-
ared  with  other  less  lipophilic  LAs  such  as  ropivacaine  or
epivacaine11,12.
LAs,  which  acts  as  weak  bases  at  physiological  pH,  are

onized  with  a  positive  charge,  and  therefore  also  have  affin-
ty  for  the  negative  charge  of  the  phospholipids  that  make
p  commercial  lipid  emulsions.  As  mentioned  above,  this  is
ot  the  main  mechanism,  but  should  nevertheless  be  taken
nto  consideration.

edistribution  mechanism
fter  an  accidental  intravenous  injection,  LA  spreads  first
o  tissues  that  receive  the  greatest  blood  supply  (brain
nd  heart),  which  are  also  the  key  organs  where  they
ill  develop  their  maximum  toxicity.  Studies  have  shown

hat  ILEs  not  only  sequester  the  toxic  molecule  (the
ipid  sink  effect),  but  also  facilitate  its  redistribution  by
ctively  transporting  it  to  other  organs  (particularly  fat,
uscle  and  liver),  and  in  so  doing  reduce  tissue  concen-

ration  of  the  toxin  in  the  brain  and  heart  (scavenging
nd  shuttle  effects)  (Fig.  2).  In  fact,  in  healthy  volunteers,

ipid  emulsions  reduced  the  context-sensitive  half-life  of
otal  bupivacaine  plasma  concentration  by  approximately
0%14.
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of them contain 20% vegetable oil (mass percentage in grams).
.

ther,  non-scavenging,  benefits  of  lipid  emulsions

ardiovascular  effects
lthough  the  main  mechanism  of  action  of  lipid  emul-
ions  has  been  described  above,  they  are  known  to  have
ther  benefits  that  go  beyond  inducing  changes  in  the
harmacokinetic  parameters  of  toxic  substances.  ILE  emul-
ions  have  been  shown  to  have  intrinsic  cardiovascular
ffects.

 At  the  cardiac  level, ILEs  produce  inotropic  and  lusitropic
effects  in  the  heart  by  different  mechanisms.  First,
being  fluids  with  a  direct  effect  on  cardiac  preload,  they
increase  contractility  according  to  the  Frank-Starling  law.
Second,  the  heart  uses  the  fatty  acids  in  lipid  emulsions  as
a  source  of  energy15,16.  Some  authors  have  also  suggested
the  ILEs  act  on  calcium  channels15 and  various  enzyme
cascades,  thus  increasing  cardiac  contractility17.

 At  the  vascular  level, ILEs  increase  the  fatty  acid  content
of  plasma  and  induces  peripheral  vasoconstriction,  which
increases  blood  pressure  in  both  healthy  individuals  and
patients  with  acute  toxicity.  Some  authors  have  hypoth-
esised  that  this  mechanism  is  related  to  nitric  oxide
metabolism  disturbances16 or  to  changes  in  sympathetic
nervous  system  activity18,19.

ostconditioning
inally,  there  is  evidence  to  show  that  ILE  administra-
ion  reduces  ischaemia-reperfusion  injury20,21.  Different
echanisms  have  been  suggested,  including  inhibition

f  proapoptotic  signalling  in  cells17 and  ischaemia-
eperfusion-induced  reduction  of  reactive  oxygen  species22.
his  is  why  administration  of  an  ILE  could  improve
rognosis  after  a serious  toxicity-related  cardiovascular
vent.

urrent evidence on ILEs in local anaesthetic
oxicity
lthough  most  hospitals  now  include  ILEs  as  the  standard
f  care  for  severe  LA  toxicity,  and  most  anaesthesiolo-
ists  administer  them  in  clinical  practice,  the  evidence  for

3
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Figure  1  The  lipid  sink  effect.  The  diagram  shows  a  micelle  formed  by  phospholipids  from  lipid  emulsion.  The  micelle  encloses
the different  types  of  triglycerides  found  in  the  lipid  emulsion,  and  the  local  anaesthetic  molecules  dissolved  the  triglycerides.

Figure  2  The  shuttle  mechanism.  The  lipid  emulsion  is  administered  intravenously  (1).  It  first  reaches  the  most  widely  perfused
areas (heart  and  brain),  where  it  sequesters  the  toxic  local  anaesthetic  molecules  (2).  It  then  redistributes  these  molecules  to  other
areas of  the  body,  including  the  liver,  where  they  are  metabolized  (3).
42
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tigated  the  relationship  between  the  volume  of  distribution
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heir  use  is  not  as  solid  as  might  be  expected23,24,  and  is
ainly  derived  from  experimental  studies  in  animals  and

ases  reports  in  which  publication  bias  cannot  be  ruled
ut.

Regarding  experimental  studies,  a  recent  meta-analysis
f  data  from  26  clinical  studies  in  different  types  of  ani-
als  showed  that  ILEs  were  useful  in  the  treatment  of  LA

oxicity25.  However,  after  re-analysing  these  studies,  the
ipid  Emulsion  Therapy  Workgroup  of  the  American  Academy
f  Clinical  Toxicology  (AACT)  found  little  evidence  to  support
he  use  of  ILEs  in  this  context23.

It  is  also  important  to  evaluate  what  the  clinical  guide-
ines  published  by  scientific  societies  have  to  say  about
he  use  of  ILE.  An  analysis  of  these  guidelines  shows  that
lthough  many  agree  on  the  core  indications,  they  differ  on
ertain  details:

 The  2015  guidelines  of  the  European  Resuscitation  Coun-
cil  (ERC)26 recommend  using  ILEs  in  cardiac  arrest  (caused
by  any  type  of  local  anaesthetic)  in  combination  with
standard  advanced  life  support  (ALS)  measures.  They  also
mention  that  the  use  of  adrenaline  in  these  cases  is  con-
troversial.

 In  the  American  Heart  Association  (AHA)  guidelines27,
administration  of  ILEs  in  patients  with  bupivacaine-
related  premonitory  neurotoxicity  or  cardiac  arrest
(together  with  standard  resuscitative  care)  is  a  class  IIb
recommendation.  In  the  case  patients  with  other  forms
of  drug  toxicity,  ILEs  may  be  administered  when  standard
resuscitative  measures  have  failed  (IIb).  This  is  interest-
ing,  as  it  shows  that  most  of  the  evidence  for  the  efficacy
of  ILEs  is  derived  from  bupivacaine  toxicity,  and  less  so
from  other  LAs.

 After  evaluating  the  current  evidence,  the  AACT  Lipid
Emulsion  Workgroup23,  in  consensus  with  a  group  of
experts,  issued  the  following  recommendations  for  ILE
use:
a  For  management  of  cardiac  arrest  secondary  to  bupi-

vacaine  toxicity,  ILE  should  be  used  after  advanced  life
support  has  started  (strong  recommendation,  low  level
of  evidence)

b  In  cardiac  arrest  associated  with  other  LAs,  the
recommendation  is  neutral  (again,  different  rec-
ommendations  are  described  depending  on  the  LA
involved)

c  In  the  case  of  severe  toxicity  without  cardiac  arrest,  the
group  recommends  using  ILEs  to  treat  bupivacaine  tox-
icity  in  combination  with  other  treatment  modalities
(weak  recommendation,  low  level  of  evidence)

d  In  case  of  severe  toxicity  without  cardiac  arrest,  the
group  recommends  using  ILEs  in  toxicity  due  to  other
LAs  when  other  measures  have  failed.  (weak  recom-
mendation,  low  level  of  evidence)

e  In  the  case  of  non-life-threatening  toxicity,  the  recom-
mendation  to  use  ILE  is  neutral.

 The  2017  guidelines  of  the  American  Society  of  Regional

Anesthesia  (ASRA)28 recommend  administering  ILEs  at  the
first  sign  of  LAST,  once  the  airway  has  been  secured
(strong  recommendation,  medium  level  of  evidence).

(
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This  recommendation  is  based  on  the  observation  that
LEs  are  more  effective  at  the  onset  of  toxicity  and  have
ew  side  effects,  so  early  administration  would  appear  to  be
easonable.  The  ASRA  calls  for  the  widespread  use  of  ILEs,
hile  the  recommendations  of  the  aforementioned  scientific

ocieties  are  more  guarded.

 In  its  2010  clinical  guidelines,  the  Association  of  Anaes-
thetists  of  Great  Britain  &  Ireland  (AAGBI)29 also
recommends  using  ILEs  in  any  situation  involving  admin-
istration  of  a  toxic  or  intravascular  dose  of  LA.

Despite  many  case  reports  and  experimental  studies  in
nimal  models,  the  evidence  supporting  ILE  administration
s  weak,  and  in  some  cases  even  contradictory.  This  has  led
o  discrepancies  in  the  literature,  with  some  authors  arguing
or  and  others  against  administration  of  ILEs24,30.

se of lipid emulsions in non-LA-induced
oxicity

ince  the  first  case  report  describing  the  successful  use  of
LE  in  a patient  with  LA  toxicity2, attempts  have  been  made
o  use  this  strategy  in  other  types  of  toxicity.  The  shuttle
echanism  put  forward  by  Fettiplace  et  al.10 suggests  that
rugs  and  toxins  with  similar  pharmacokinetic  characteris-
ics  to  LAs,  particularly  bupivacaine,  might  be  susceptible
o  treatment  with  ILEs.

Theoretically,  the  main  characteristic  required  by  such
 toxicant  is  a  lipophilic  profile.  Any  lipophilic  drug  should
ave  an  affinity  for  fatty  emulsions  and  bind  to  them,  after
hich  the  toxicant  is  transported  (shuttled)  from  sensitive
rgans  to  organs  such  as  the  liver,  where  its  toxicity  is
educed.

The  parameter  most  widely  used  to  measure  the
ipophilicity  of  a  substance  and  thus  compare  this  quality
etween  different  molecules  is  the  octanol/water  parti-
ion  coefficient,  expressed  as  a  logarithm  (logP),  which  is  a
easure  of  a substance’s  hydrophilicity  (affinity  to  octonal)

gainst  its  lipophilicity  (affinity  to  water).
The  higher  the  coefficient  of  a  given  substance,  the

reater  its  lipophilicity.  Therefore,  substances  with  a  logP
alue  greater  than  231 are  considered  lipophilic,  and  toxicity
nduced  by  these  drugs  can  be  treated  by  ILEs32.

This  theory  is  supported  by  case  reports  of  toxicity  due  to
ubstances  of  very  diverse  chemical  composition,  such  as  tri-
yclic  antidepressants,  calcium  antagonists,  sodium  channel
ntagonists,  ß-blockers  and,  to  a  lesser  extent,  other  drugs
uch  as  antimalarials  (chloroquine)  and  other  antiparasitics
ivermectin)33.

in vitro  studies  have  shown  that  the  addition  of  lipid
mulsion  20%  significantly  reduces  the  concentration  of  dif-
erent  drugs  dissolved  in  human  serum 32.  This  effect  is
losely  linked  to  the  lipophilicity  of  the  drug,  and  correlates
ith  drugs  with  logP  >  2.  In  this  study,  the  authors  also  inves-
VD)  of  the  drug  and  the  decrease  in  serum  drug  concentra-
ion;  however,  the  contribution  of  VD  to  this  effect  is  less
han  that  of  lipophilicity32.
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Table  3  Partition  coefficient  of  commonly  used  beta-
blocker drugs.

Drug  Partition  coefficient

Carvedilol  4.19
Propranolol 3.48
Metoprolol  2.15
Bisoprolol  1.87
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S.  García-Ramos,  I.  Fe

ILEs  have  been  used  to  treat  severe  toxicity  by  differ-
nt  toxins  for  the  past  10  years,  and  the  results  have  been
eported  mainly  in  case  reports,  observational  studies,  and
xperimental  studies  in  animals.  For  all  these  reasons,  there
s  even  less  evidence  to  support  the  use  of  ILEs  in  non-LA
nduced  toxicity  compared  with  LA  toxicity33.

Below  is  a  summary  of  the  use  of  ILEs  in  non-LA-induced
oxicity  and  evidence-based  recommendations  for  their  use
n  different  clinical  scenarios.  The  recommendations  were
ated  following  the  GRADE  system  (Table  2).

oxicity  due  to  amitriptyline  and  other  tricyclic
ntidepressants

ricyclic  antidepressants  (TCA)  continue  to  be  used  both  in
he  treatment  of  depression  and  in  other  indications  (sleep
isorders,  neuropathic  pain,  migraines,  enuresis  and  atten-
ion  deficit,  among  others)34,35.

TCAs  are  not  selective.  Their  mechanism  of  action  is
ased  on  the  inhibition  of  presynaptic  neurotransmitter
euptake  in  presynaptic  terminals,  although  they  also  block
ardiac  fast  sodium  channels  and  inhibit,  both  centrally
nd  peripherally,  acetylcholine  receptors,  among  others.
ence  the  close  association  between  TCA-induced  neuro-

ogical  and  cardiotoxicity,  which  causes  hypotension,  sinus
achycardia  due  to  the  vagolytic  effect,  conduction  distur-
ances,  ventricular  tachycardia  (VT)  and  ultimately,  cardiac
rrest3 4.

The  standard  treatment  for  this  type  of  intoxication,
n  addition  to  support  management,  is  administration  of
odium  bicarbonate  (standard  treatment  for  sodium  chan-
el  blocker  toxicity).  However,  some  cases  are  refractory
o  standard  treatment36.  For  this  reason,  and  due  to  the
ipophilicity  of  these  drugs  (especially  amitriptyline  with  a
ogP  of  5.04)37,  lipid  emulsions  have  been  suggested  as  an
lternative  when  standard  treatment  fails.

The  following  are  the  current  recommendations  for  the
se  of  ILEs  in  the  treatment  of  ATC  intoxication  developed
y  the  Lipid  Emulsion  Therapy  Workgroup  -  a  collaborative
roject  bringing  together  several  toxicology  associations23:

 In  cardiac  arrest  due  to  either  amitriptyline  or  any  other
TCA  toxicity,  neutral  recommendation  (D)

 In  very  severe  toxicity  due  to  TCA,  ILEs  are  not  recom-
mended  as  first  line  therapy  (2D).  If  toxicity  is  due  to
amitriptyline,  ILEs  are  recommended  as  the  last  resort,
when  other  treatments  have  failed  (2D)

 In  all  other  cases  of  TCA  toxicity,  ILEs  are  not  recom-
mended  under  any  circumstances  (2D).  In  very  severe
toxicity  due  to  amitriptyline,  ILEs  are  not  recommended
as  first  line  therapy(1D)

The  panel  of  experts  developed  these  recommendations
n  the  basis  of  the  numerous  case  reports  in  which  ILEs  were
sed  successfully  to  treat  this  type  of  toxicity38. However,

here  is  only  1  randomized  clinical  trial  in  humans,  which
as  presented  in  Marseille  in  2013  as  an  abstract,  in  which

LE  did  not  show  benefit  in  the  treatment  of  antidepres-
ant  toxicity,  while  a  study  in  an  animal  model  published

b
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r
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Atenolol  0.16

n  2014  showed  that  hypotension  did  not  improve  compared
o  standard  treatment  (bicarbonate)39. Finally,  a  study  in
ats  administered  an  overdose  of  oral  amitriptyline  showed
hat  survival  decreased  compared  to  standard  treatment40.

For  all  these  reasons,  and  in  the  absence  of  solid  evi-
ence,  the  panel  of  experts  decided,  by  way  of  summary,  to
nly  recommend  ILEs  in  severe  situations  that  are  refractory
o  standard  treatment.

eta-blocker  toxicity

eta-blockers  are  the  most  widely  used  cardiovascular  drugs
n  clinical  practice  due  to  their  beneficial  effects  in  the
reatment  of  arterial  hypertension,  coronary  heart  dis-
ase,  tachyarrhythmias,  congestive  heart  failure,  migraine,
enign  essential  tremor,  panic  attacks,  and  hyperthy-
oidism,  among  other  conditions.  Despite  their  moderately
ood  safety  profile,  cases  of  toxicity  due  to  overdose  are
requent41.

Beta-blocker  toxicity  usually  presents  with  cardiovascu-
ar  symptoms,  frequently  bradycardia  and  hypotension,  and
n  severe  cases  can  even  lead  to  complete  atrioventricular
lock,  shock,  and  cardiac  arrest.  As  these  drugs  act  on  differ-
nt  systems  and  organs,  they  can  also  cause  other  symptoms,
uch  as  delirium,  seizures,  coma,  respiratory  complications
uch  as  bronchospasm,  and  metabolic  complications  such  as
ypoglycaemia,  the  latter  being  more  common  in  paediatric
atients.

The  standard  treatment  for  this  type  of  toxicity  varies
ccording  to  the  severity,  but  basically  consists  of  life  sup-
ort  plus  other  pharmacological  measures,  such  as  glucagon,
igh-dose  insulin,  catecholamines  and  fluid  replacement42.
xtracorporeal  membrane  oxygenation  (ECMO)  is  indicated
n  patients  with  refractory  cardiac  arrest43.

Recent  case  reports  and  experimental  animal  studies
ave  described  the  use  of  lipid  emulsions  to  treat  beta-
locker  toxicity.  As  with  other  xenobiotics,  ILE  effectiveness
ill  depend  on  the  lipophilicity  of  these  drugs,  so  propanol,
etropolol,  and  carvedilol  will  be  more  susceptible  to  ILE

reatment.  Other  commonly  used  beta-blockers,  such  as
isoprolol  or  atenolol,  would  not  benefit  from  this  treatment
Table  3).

Although  some  authors  have  described  using  ILEs  to  treat
eta-blocker  toxicity,  the  evidence  remains  scarce  and  is

ainly  based  on  experimental  data  (in  animals)  and  case

eports.  Their  efficacy  has  not  yet  been  demonstration  in  a
andomized  blinded  study.  The  outcome  measured  in  most
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Table  2  Recommendations  and  degree  of  evidence.

Grade  of  recommendation

Level  1 Strong  recommendation.  The  course  of  action  is  considered  appropriate  by  the  large  majority
of experts  with  no  major  dissension

Level  2  Weak  recommendation.  The  course  of  action  is  considered  appropriate  by  the  majority  of
experts, with  some  degree  of  dissension

Neutral  The  course  of  action  is  neither  preferred  nor  rejected  by  the  majority  of  experts
No recommendation  The  group  of  experts  reached  no  agreement
Grade system:  the  4  degrees  of  evidence
A  High  level  of  evidence  in  the  literature
B Moderate  level  of  evidence
C Low  level  of  evidence
D Very  low  level  of  evidence
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GRADE terminology used by the AACT Lipid Emulsion Therapy Wor

eports  describing  their  use  in  severe  toxicity  is  survival,
uggesting  the  possibility  of  publication  bias38.

The  current  recommendations  of  the  Lipid  Emulsion  Ther-
py  Workgroup  are  as  follows23:

 In  cardiac  arrest  due  to  lipid-soluble  and  non-lipid-soluble
beta-blockers,  the  recommendation  on  the  use  of  ILE  is
neutral

 In  severe  toxicity  due  to  lipid-soluble  beta-blockers,  the
recommendation  is  neutral;  if  severe  toxicity  is  due  to
non-lipid-soluble  beta-blockers,  ILEs  should  not  be  used
as  first  line  therapy  (2D)

 In  all  other  situations,  the  use  of  ILEs  is  not  recommended
in  toxicity  due  to  both  lipid-soluble  and  non-lipid-soluble
beta-blockers  (2D)

In  other  words,  the  panel  of  experts  does  not  recom-
end  the  use  of  lipid  emulsions  in  general,  and  leaves  their

se  to  the  clinician’s  discretion  in  severe  cases  refractory  to
tandard  treatment.  The  main  reasons  for  advising  against
LEs  in  general  are:  1)  the  effectiveness  of  treatment  with
igh-dose  insulin  and  euglycemia;  2)  different  degrees  of
ipid  solubility  among  beta-blockers,  which  means  that  ILEs
re  have  little  or  no  effect  in  many  of  these  drugs,  and  3)
eports  of  ILEs  obstructing  the  membranes  of  extracorporeal
embrane  oxygenation  systems44.

upropion  toxicity

upropion  is  an  atypical  antidepressant  that  inhibits  nore-
inephrine  and  dopamine  reuptake,  but  has  little  or  no
ffect  on  serotonin  (the  site  of  action  of  most  modern
ntidepressants).  Bupropion  is  rarely  used  nowadays  - its
ain  indications  being  the  treatment  of  major  depressive
isorder  (as  second  line  therapy  in  patients  with  sexual
ysfunction),  smoking  cessation,  and  in  certain  cases  of
besity45,46.
Bupropion  can  be  described  as  having  a  suboptimal  safety
rofile,  and  in  fact  was  withdrawn  by  the  FDA  but  later
e-approved  for  use  at  far  lower  doses  than  originally
uthorised.  Bupropion  toxicity  generally  affects  the  central

f

b
s

42
p.

ervous  system,  causing  seizures  that  can  progress  to  coma.
n  the  heart,  bupropion  blocks  voltage-dependent  sodium
hannels,  and  symptoms  of  toxicity  range  from  arrhythmias
o  cardiac  arrest46. Some  cases  of  bupropion  toxicity  lasting
rom  24  to  48  h  have  been  reported42,46.

Like  many  other  toxins  without  a  specific  antidote,
upropion  toxicity  is  treated  with  supportive  care.  As  its
echanism  of  action  is  similar  to  TCAs  and  other  sodium

hannel  blockers,  bupropion  has  also  been  successfully
reated  with  bicarbonate,  although  the  evidence  is  weak47.

The  lipophilic  profile  of  bupropion  (logP  3.65)  make  it
usceptible,  as  mentioned  above,  to  treatment  with  ILEs,
lthough  fewer  cases  have  been  reported  compared  to  other
enobiotics.  A  2016  review38 described  5  cases  in  which  ILE
dministration  was  effective,  but  made  no  mention  of  stud-
es  and  animal  models.  A  subsequent  study  in  an  animal
odel  reported  that  ILE  alone  did  not  improve  survival;  how-

ver,  the  combination  of  ILE  and  adrenaline  achieved  greater
urvival  than  adrenaline  alone48.

For  all  these  reasons,  the  panel  of  experts 23 made  the
ollowing  recommendations  for  ILE  in  bupropion  toxicity:

 In  cardiac  arrest,  the  recommendation  is  neutral
 In  severe  toxicity,  the  use  of  ILEs  is  recommended  as  sec-

ond  line  therapy  (2D)  but  not  first-line  (2D)
 In  all  other  situations,  ILEs  are  not  recommended  as  first

line  therapy  (2D)

alcium  channel  blockers

n  the  US,  toxicity  induced  by  cardiovascular  drugs  is  the
hird  leading  cause  of  death  due  to  prescription  drugs.  Half
50%)  of  all  cardiovascular  drug  overdoses  are  caused  by
alcium  channel  blockers,  a  group  that  includes  drugs  that
ct  on  the  SA  node  (inhibitors  such  as  verapamil  an  dilti-
zem)  and  those  that  do  not  (such  as  the  antihypertensives
mlodipine,  nifedipine,  etc.).  Of  these,  verapamil  is  most

requently  associated  with  severe  toxicity.

In  2016,  Kryshtal  et  al.  showed  that  these  xenobiotics,
eing  lipophilic,  might  be  eliminated  by  the  lipid  sink  and
huttle  action  of  ILEs49. This  has  given  rise  to  various  case
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following  recommendations  for  ILE  in  diphenhydramine  -
S.  García-Ramos,  I.  Fe

eports  on  the  use  of  ILEs  to  treat  calcium  channel  toxicity,
lthough  the  results  are  inconclusive.

The  Lipid  Emulsion  Therapy  Workgroup38 recommenda-
ions  on  ILEs  in  calcium  channel  toxicity  are  as  follows:

iltiazem  and  verapamil

 In  cardiac  arrest,  the  recommendation  is  neutral
 In  severe  toxicity,  ILEs  are  recommended  as  second-line

therapy  (2D)  but  not  as  first-line  (2D)
 In  all  other  situations,  ILEs  are  not  recommended  as  first

line  therapy  (2D)

ihydropyridine  calcium  antagonists
 In  cardiac  arrest,  the  recommendation  is  neutral
 In  severe  toxicity,  ILEs  are  not  recommended  as  first  line

therapy  (2D)
 In  all  other  situations,  ILEs  should  not  be  used  under  any

circumstances  (2D)

More  recently,  a  panel  of  experts43 updated  the  recom-
endations  for  treating  calcium  channel  blocker  toxicity43,

nd  indicated  that  ILEs  should  be  reserved  for  patients
efractory  to  first-line  therapy  (intravenous  calcium,  high-
ose  insulin,  epinephrine,  norepinephrine,  and  atropine)
recommendation  (2D);  patients  in  refractory  shock  (1D)  and
n  cardiac  arrest,  in  addition  to  other  life  support  measures.

ocaine  toxicity

ure  cocaine  was  first  isolated  in  the  1880s,  and  was  the
rst  LA  used  in  eye  surgery.  Since  then,  it  has  been  used

n  different  medical  indications,  although  it  has  currently
allen  out  of  use.  Almost  all  cases  of  toxicity  occur  due  to
se  of  cocaine  as  a  recreational  drug,  or  accidental  rupture
f  cocaine  packages  carried  internally  by  body  packers.  In
he  US,  most  cases  of  recreational  drug  overdose  treated  in
mergency  departments  involve  cocaine50.

Cocaine  is  an  amine  reuptake  inhibitor  that  acts  as  an
ndirect  sympathomimetic  by  increasing  neurotransmitter
oncentration  in  presynaptic  terminals.  This  produces  the
ypical  symptoms  of  intoxication  that  include  haemody-
amic  instability  with  hypertension  and  tachycardia.  As  an
A,  cocaine  acts  as  both  a  cardiac  and  neuronal  sodium  chan-
el  blocker.  This  severely  disrupts  cardiac  conduction,  and
anifests  on  ECG  as  prolongation  of  the  QRS  interval,  and

linically  as  negative  inotropy  (it  competes  with  the  increase
n  adrenergic  tone  produced  by  sympathetic  activation)50.

Acute  toxicity  due  to  cocaine  overdose  is,  like  other
rug  overdoses,  treated  with  supportive  measures,  mainly
nvolving  administration  of  CNS  depressants  such  as  ben-
odiazepines,  and  hypotensive  drugs  while  avoiding  beta
lockers  as  far  as  possible.  This  is  a  generalised,  non-specific
pproach,  since  there  is  currently  no  specific  antidote  to
eutralise  the  effect  of  cocaine.

Due  to  its  similarity  to  LAs  and  logP  of  2.3  (that  is,  in  the

ange  of  lipid  solubility  theoretically  susceptible  to  ILE  treat-
ent),  some  authors  have  suggested  that  cocaine  toxicity

an  potentially  be  treated  with  lipid  emulsions32.
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42
dez  and  M.  Zaballos

Only  a  few  case  reports  have  been  published  describing
he  treatment  of  cocaine  overdose  with  ILEs.  Cao  et  al.  in
01537,  and  Levine  et  al.  in  201638 only  describe  3  cases  (2
f  them  in  which  resuscitation  was  successful).  However,  no
linical  trials  in  humans  have  been  published,  and  only  a
ew  studies  in  animal  models  have  been  reported.  In  2014,
arreiro  et  al.51 found  that  pre-treatment  with  ILE  reduced
he  likelihood  of  cardiac  arrest  in  a  rat  model  of  cocaine
oxicity.  In  2016,  however,  the  same  group52 using  the  same
odel  of  cocaine  toxicity  found  that  ILE  administered  as

reatment  instead  of  pre-treatment  did  not  reduce  the  like-
ihood  of  cocaine-induced  cardiac  arrest.  Fettiplace  et  al.,
eanwhile,  showed  that  ILE  improved  cardiac  contractility

n  an  isolated  rat  heart  model  of  cocaine  intoxication53.
All  this  shows  that  there  is  scant,  even  contradictory,  evi-

ence  of  the  efficacy  of  ILEs  in  cocaine  intoxication.  The
ipid  Emulsion  Therapy  Workgroup  has  made  the  following
ecommendations  for  ILE  in  cocaine-induced  toxicity23:

 In  cardiac  arrest,  the  recommendation  is  neutral
 In  severe  toxicity,  ILEs  are  not  recommended  as  first-line

therapy  (2D)
 In  all  other  situations,  ILEs  are  not  recommended  as  first

line  therapy  (2D)  or  as  part  of  treatment  modalities  (2D)

iphenhydramine  toxicity

iphenhydramine  is  a  first-generation  H1  antihistamine  that
ct  on  the  CNS  to  produce  sedative  effects.  For  this  rea-
on,  they  are  not  currently  used  in  allergies  but  rather  as  a
reatment  for  occasional  insomnia.

Its  main  mechanism  of  action  involves  the  inhibition
f  histamine  H1  receptors;  however,  this  blockade  is
ot  selective,  since  diphenhydramine  also  inhibits  other
eceptors,  particularly  cholinergic  receptors  and  to  a
esser  extent  serotonergic  receptors  and  cardiac  voltage-
ependent  sodium  channels54.

The  symptoms  of  overdose  are  similar  to  muscarinic
lockade,  and  include  visual  disturbances,  dry  mouth,
edation,  convulsions,  coma  and  finally,  in  severe  cases,
rrhythmias  and  cardiac  arrest.

This  type  of  toxicity  is  treated  with  general  measures
decontamination  techniques)  and  cardiopulmonary  sup-
ort.  In  the  event  of  ventricular  arrhythmias,  treatment  with
odium  bicarbonate  would  be  indicated.

Again,  there  is  no  specific  antidote.  Given  its  logP  of
.4,  diphenhydramine  could,  a  priori, be  a  candidate  for
LE  therapy.  So  far,  6  case  reports  with  good  outcomes  have
een  published23,54,  together  with  2  animal  studies  compar-
ng  ILE  versus  bicarbonate  in  a  diphenhydramine-induced
ardiac  toxicity  swine  model.  In  these  experiments,  no  dif-
erences  were  found  between  ILE  and  sodium  bicarbonate
herapy39,55.

The  Lipid  Emulsion  Therapy  Workgroup  has  made  the
nduced  toxicity23:

 In  cardiac  arrest,  the  recommendation  is  neutral
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 In  severe  toxicity,  ILEs  are  not  recommended  as  first-line
therapy  (2D)

 In  all  other  situations,  ILEs  are  not  recommended  as  first
line  therapy  (2D)  or  as  part  of  treatment  modalities  (2D)

Some  standard  antihistamines  share  certain  pharmacoki-
etic  characteristics  with  diphenhydramine;  however,  as
here  are  no  reports  of  ILEs  used  to  treat  antihistamine
oisoning,  their  use  is  not  recommended.

igoxin  toxicity

igoxin  has  been  one  of  the  most  widely  used  drugs  in
he  treatment  of  heart  failure,  although  it  has  now  fallen
nto  disuse  and  has  been  relegated  to  third-line  therapy.
evertheless,  it  continues  to  be  widely  used  as  an  SA  node-

nhibitor  in  supraventricular  tachycardia  with  concomitant
eart  failure.

Digoxin,  however,  must  be  closely  monitored  due  to  its
arrow  therapeutic  window,  and  cases  of  toxicity  are  com-
on.
Digoxin  is  a  highly  lipid-soluble  glycoside  with  car-

iac  activity;  therefore,  by  analogy,  severe  toxicity  should
espond  to  ILE  therapy.

In  2016,  Yurtle  et  al.  performed  the  first  study  in  a  rat
odel  to  evaluate  the  potential  use  of  ILEs  in  digoxin  toxic-

ty,  and  found  that  these  emulsions  prolonged  the  time  until
systole56.  In  2018,  also  in  a  rat  model,  Turán  et  al.  showed
he  non-inferiority  of  ILEs  vs  DigiFab®,  a  digoxin-specific
onoclonal  antibody,  in  the  treatment  of  digoxin-induced

oxicity57.
Because  the  aforementioned  studies  were  published

ater,  the  ILE  expert  panel  made  no  recommendations  on  ILE
n  digoxin  toxicity.  Following  their  methodology,  the  degree
f  recommendation  for  ILE  to  treat  cardiac  arrest  secondary
o  digoxin  intoxication  would  probably  be  2D.

lass  1  antidysrhythmic  toxicity

ccording  to  the  Vaughan-Williams  classification,  class
 antiarrhythmics  act  by  blocking  cardiac  voltage-gated
odium  channels.  The  most  widely  used  in  our  setting  are
ecainide,  propafenone,  procainamide  and  lidocaine.  Lido-
aine,  though  used  mainly  as  an  LA,  is  also  used  to  treat
ertain  types  of  ventricular  arrhythmias.

These  agents  have p̈ro-arrhythmicp̈roperties  if  over-
osed,  since  they  produce  alterations  in  cardiac  conduction,
ausing  atrioventricular  block,  bradycardia,  prolongation
f  the  QRS  interval,  ventricular  arrhythmias,  and  in  cer-
ain  cases,  cardiac  arrest  with  ventricular  fibrillation  or
systole58.

Excluding  lidocaine  (which  is  discussed  in  the  section
n  LA-induced  toxicity),  the  antidysrhythmic  drugs  that  are
usceptible  to  ILE  therapy  are  flecainide  and  propafenone,
ince  both  have  a  logP  <  2.
Few  authors  have  evaluated  the  efficacy  of  ILEs  in  the
ontext  of  antidysrhythmic  toxicity.  In  2016,  Levine  et  al.
eported  5  cases  of  flecainide  toxicity  with  favourable
utcomes  and  2  cases  of  propafenone  toxicity,  also  with
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avourable  outcomes38. Over  a  5-year  period,  the  US
ational  Poison  Data  System  included  21  cases  of  fle-
ainide  toxicity  with  fatal  outcome  (despite  administration
f  Intralipid®)33.  Finally,  there  is  only  1  experimental  study
n  rats  in  which  ILE  was  compared  with  sodium  bicarbonate;
o  differences  in  return  to  baseline  parameters  or  survival
ere  observed29.  In  a  recent  case,  with  a  favourable  out-
ome,  standard  resuscitation  measures,  including  sodium
icarbonate  were  combined  with  ILE  administration59.

The  Lipid  Emulsion  Therapy  Workgroup  has  made  the
ollowing  recommendations  for  ILE  in  antidysrhythmic
oxicity23:

 In  cardiac  arrest,  the  recommendation  is  neutral
 In  severe  toxicity,  without  cardiac  arrest,  the  recommen-

dation  is  neutral
 In  non-severe  toxicity,  ILEs  are  not  recommended  as  first-

line  therapy  (2D)

ther  toxins

ince  ILEs  and  their  hypothetical  mechanism  of  action  were
rst  described  in  19981,  they  have  been  tested  in  a  multi-
ude  of  toxicities  caused  by  xenobiotic  drugs  that  meet  the
equired  liposolubility  profile.

The  recommendations  for  the  use  of  ILEs  in  other  less
ommon  drugs  are:

 In  cardiac  arrest  due  to  toxicity  with  ivermectin,  anti-
malarials,  antipsychotics,  the  recommendation  for  ILEs  is
neutral.

 In  life-threatening  situations  caused  by  agents  such  as
baclofen,  ivermectin  and  selective  serotonin  reuptake
inhibitors,  the  recommendation  for  ILEs  is  neutral.

 In  life-threatening  situations  caused  by  antimalarial  and
antipsychotic  toxicity,  ILEs  are  not  recommended  as  first-
line  therapy  (2D)

onclusion

ipid  emulsions,  particularly  Intralipid®,  are  currently  con-
idered  essential  in  the  treatment  of  LA-induced  toxicity.
heir  use  is  endorsed  by  several  guidelines,  particular  those
ublished  by  anaesthesia  associations,  and  ILEs  in  combina-
ion  with  standard  cardiopulmonary  resuscitation  measures
re  recommended  to  treat  LA-induced  toxicity.  Despite  this,
any  authors  continue  to  believe  that  there  is  scant  evi-
ence  to  support  their  use,  particularly  in  the  case  of
oxicity  due  to  LAs  other  than  bupivacaine,  and  more  studies
re  needed  to  definitively  confirm  their  effectiveness.

The  use  of  ILEs  in  non-LA-induced  toxicity  is  even  less
lear.  The  results  of  clinical  trials  and  experimental  studies
ith  different  toxins  are  often  contradictory.  Current  evi-
ence  suggests  that  lipid  therapy  should  be  used  in  cases

hat  meet  the  following  characteristics:  1)  toxicity  caused  by
at-soluble  xenobiotics,  specifically,  with  an  octanol/water
artition  ratio  greater  than  2;  2)  no  specific  antidote  or  one
hat  is  largely  ineffective;  3)  first-line  resuscitation  mea-
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ures  have  been  applied  and  failed,  and  4)  the  patient’s
linical  condition  is  serious.
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heir  efforts  and  dedicated  search  for  antidotes.

Also,  doctoral  student  Alejandro  Alonso  Eugenio  (ale-
aalo@ucm.es)  for  designing  the  figures  used  in  this
anuscript.

eferences

1. Weinberg GL, VadeBoncouer T, Ramaraju GA, Garcia-Amaro
MF, Cwik MJ. Pretreatment or resuscitation with a lipid infu-
sion shifts the dose-response to bupivacaine-induced asystole
in rats. Anesthesiology. 1998;88:1071---5.

2. Rosenblatt MA, Abel M, Fischer GW, Itzkovich CJ,
Eisenkraft JB. Successful use of a 20% lipid emulsion
to resuscitate a patient after a presumed bupivacaine-
related cardiac arrest. Anesthesiology. 2006;105:217---8,
http://dx.doi.org/10.1097/00000542-200607000-00033.

3. Neal JM, Bernards CM, Butterworth JF, et al. ASRA Prac-
tice advisory on local anesthetic systemic toxicity. Reg
Anesth Pain Med. 2010;35:152---61, http://dx.doi.org/10.
1097/AAP.0b013e3181d22fcd.

4. Neal JM, Woodward CM, Harrison TK. The American
Society of Regional Anesthesia and Pain Medicine check-
list for managing local anesthetic systemic toxicity:
2017 Version. Reg Anesth Pain Med. 2018;43:150---3,
http://dx.doi.org/10.1097/AAP.0000000000000726.

5. Gitman M, Barrington MJ. Local Anesthetic systemic tox-
icity: a review of recent case reports and registries.
Reg Anesth Pain Med. 2018;43:124---30, http://dx.doi.org/
10.1097/AAP.0000000000000721.

6. Cave G, Harvey M, Willers J, et al. LIPAEMIC report:
results of clinical use of intravenous lipid emulsion
in drug toxicity reported to an online lipid registry.
J Med Toxicol. 2014;10:133---42, http://dx.doi.org/10.
1007/s13181-013-0375-y.

7. Collins S, Neubrander J, Vorst Z, Sheffield B. Lipid
emulsion in treatment of local anesthetic toxicity. J Peri-
anesthesia Nurs. 2015;30:308---20, http://dx.doi.org/10.
1016/j.jopan.2014.03.011.
8. Wolfe JW,  Butterworth JF. Local anesthetic systemic
toxicity: update on mechanisms and treatment. Curr
Opin Anaesthesiol. 2011;24:561---6, http://dx.doi.org/10.
1097/ACO.0b013e32834a9394.

2

43
dez  and  M.  Zaballos

9. Nouette-Gaulain K, Capdevila X, Robin F, Beloeil H. [Intravenous
lipid emulsion and local anesthetic-induced systemic toxicity:
mechanisms and limits]. Ann Fr Anesth Reanim. 2014;33:411---7,
http://dx.doi.org/10.1016/j.annfar.2014.03.012.

0. Fettiplace MR, Weinberg G. The mechanisms underlying lipid
resuscitation therapy. Reg Anesth Pain Med. 2018;43:138---49,
http://dx.doi.org/10.1097/AAP.0000000000000719.

1. Zausig YA, Zink W,  Keil M, et al. Lipid emulsion
improves recovery from bupivacaine-induced cardiac
arrest, but not from ropivacaine- or mepivacaine-
induced cardiac arrest. Anesth Analg. 2009;109:1323---6,
http://dx.doi.org/10.1213/ane.0b013e3181af7fb3.

2. Aumeier C, Kasdorf B, Gruber M, et al. Lipid emulsion pretreat-
ment has different effects on mepivacaine and bupivacaine
cardiac toxicity in an isolated rat heart model. Br J Anaesth.
2014;112:735---41, http://dx.doi.org/10.1093/bja/aet353.

3. Litonius E. Treatment of acute intoxication with intravenous
lipid emulsion: animal and human studies. Academic disserta-
tion. University of Helsinky; 2012.

4. Litonius E, Tarkkila P, Neuvonen PJ, Rosenberg PH. Effect
of intravenous lipid emulsion on bupivacaine plasma
concentration in humans. Anaesthesia. 2012;67:600---5,
http://dx.doi.org/10.1111/j.1365-2044.2012.07056.x.

5. Mottram AR, Valdivia CR, Makielski JC. Fatty acids
antagonize bupivacaine-induced I(Na) blockade. Clin
Toxicol (Phila). 2011;49:729---33, http://dx.doi.org/10.
3109/15563650.2011.613399.

6. Steinberg HO, Paradisi G, Hook G, Crowder K, Cronin J, Baron
AD. Free fatty acid elevation impairs insulin-mediated vasodi-
lation and nitric oxide production. Diabetes. 2000;49:1231---8.

7. Fettiplace MR, Kowal K, Ripper R, et al. Insulin
signaling in bupivacaine-induced cardiac toxicity:
sensitization during recovery and potentiation by
lipid emulsion. Anesthesiology. 2016;124:428---42,
http://dx.doi.org/10.1097/ALN.0000000000000974.

8. Drosatos K, Bharadwaj KG, Lymperopoulos A, et al. Car-
diomyocyte lipids impair �-adrenergic receptor function via
PKC activation. Am J Physiol Endocrinol Metab. 2011;300,
http://dx.doi.org/10.1152/ajpendo.00569.2010. E489---499.

9. Haastrup AT, Stepniakowski KT, Goodfriend TL, Egan BM.
Intralipid enhances alpha1-adrenergic receptor mediated pres-
sor sensitivity. Hypertension. 1998;32:693---8.

0. Van de Velde M, Wouters PF, Rolf N, Van Aken H, Flameng W,
Vandermeersch E. Long-chain triglycerides improve recovery
from myocardial stunning in conscious dogs. Cardiovasc Res.
1996;32:1008---15.

1. Van de Velde M, DeWolff M, Leather HA, Wouters PF. Effects
of lipids on the functional and metabolic recovery from global
myocardial stunning in isolated rabbit hearts. Cardiovasc Res.
2000;48:129---37.

2. Lou P-H, Lucchinetti E, Zhang L, et al. The mecha-
nism of Intralipid®-mediated cardioprotection complex IV
inhibition by the active metabolite, palmitoylcarnitine,
generates reactive oxygen species and activates reper-
fusion injury salvage kinases. PLoS One. 2014;9:e87205,
http://dx.doi.org/10.1371/journal.pone.0087205.

3. Gosselin S, Hoegberg LCG, Hoffman RS, et al. Evidence-based
recommendations on the use of intravenous lipid emulsion
therapy in poisoning. Clin Toxicol (Phila). 2016;54:899---923,
http://dx.doi.org/10.1080/15563650.2016.1214275.
4. Rosenberg PH. Current evidence is not in support
of lipid rescue therapy in local anaesthetic systemic
toxicity. Acta Anaesthesiol Scand. 2016;60:1029---32,
http://dx.doi.org/10.1111/aas.12743.

0

http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0005
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0005
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0005
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0005
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0005
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0005
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0005
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0005
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0005
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0005
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0005
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0005
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0005
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0005
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0005
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0005
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0005
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0005
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0005
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0005
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0005
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0005
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0005
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0005
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0005
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0005
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0005
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0005
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0005
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0005
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0005
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0005
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0005
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0005
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0005
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0005
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0005
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0005
dx.doi.org/10.1097/00000542-200607000-00033
dx.doi.org/10.1097/AAP.0b013e3181d22fcd
dx.doi.org/10.1097/AAP.0b013e3181d22fcd
dx.doi.org/10.1097/AAP.0000000000000726
dx.doi.org/10.1097/AAP.0000000000000721
dx.doi.org/10.1097/AAP.0000000000000721
dx.doi.org/10.1007/s13181-013-0375-y
dx.doi.org/10.1007/s13181-013-0375-y
dx.doi.org/10.1016/j.jopan.2014.03.011
dx.doi.org/10.1016/j.jopan.2014.03.011
dx.doi.org/10.1097/ACO.0b013e32834a9394
dx.doi.org/10.1097/ACO.0b013e32834a9394
dx.doi.org/10.1016/j.annfar.2014.03.012
dx.doi.org/10.1097/AAP.0000000000000719
dx.doi.org/10.1213/ane.0b013e3181af7fb3
dx.doi.org/10.1093/bja/aet353
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0065
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0065
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0065
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0065
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0065
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0065
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0065
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0065
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0065
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0065
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0065
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0065
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0065
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0065
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0065
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0065
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0065
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0065
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0065
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0065
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0065
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0065
dx.doi.org/10.1111/j.1365-2044.2012.07056.x
dx.doi.org/10.3109/15563650.2011.613399
dx.doi.org/10.3109/15563650.2011.613399
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0080
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0080
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0080
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0080
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0080
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0080
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0080
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0080
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0080
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0080
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0080
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0080
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0080
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0080
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0080
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0080
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0080
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0080
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0080
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0080
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0080
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0080
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0080
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0080
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0080
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0080
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0080
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0080
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0080
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0080
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0080
dx.doi.org/10.1097/ALN.0000000000000974
dx.doi.org/10.1152/ajpendo.00569.2010
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0095
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0095
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0095
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0095
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0095
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0095
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0095
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0095
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0095
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0095
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0095
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0095
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0095
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0095
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0095
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0095
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0095
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0095
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0095
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0095
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0095
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0095
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0095
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0095
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0095
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0095
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0100
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0100
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0100
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0100
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0100
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0100
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0100
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0100
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0100
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0100
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0100
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0100
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0100
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0100
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0100
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0100
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0100
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0100
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0100
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0100
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0100
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0100
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0100
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0100
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0100
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0100
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0100
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0100
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0100
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0100
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0100
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0100
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0100
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0100
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0100
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0100
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0100
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0100
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0100
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0100
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0100
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0105
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0105
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0105
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0105
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0105
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0105
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0105
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0105
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0105
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0105
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0105
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0105
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0105
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0105
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0105
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0105
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0105
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0105
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0105
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0105
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0105
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0105
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0105
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0105
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0105
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0105
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0105
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0105
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0105
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0105
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0105
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0105
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0105
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0105
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0105
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0105
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0105
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0105
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0105
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0105
dx.doi.org/10.1371/journal.pone.0087205
dx.doi.org/10.1080/15563650.2016.1214275
dx.doi.org/10.1111/aas.12743


ía  y  

2

2

2

2

2

3

3

3

3

3

3

3

3

3

3

4

4

4

4

4

4

4

4

4

4

5
5

5

5

5

5

Revista  Española  de  Anestesiolog

5. Fettiplace MR, McCabe DJ. Lipid emulsion improves sur-
vival in animal models of local anesthetic toxicity:
a meta-analysis. Clin Toxicol (Phila). 2017;55:617---23,
http://dx.doi.org/10.1080/15563650.2017.1288911.

6. Monsieurs KG, Nolan JP, Bossaert LL, et al.
European Resuscitation Council Guidelines for
Resuscitation 2015. Resuscitation. 2015;95:1---80,
http://dx.doi.org/10.1016/j.resuscitation.2015.07.038.

7. Neumar RW, Shuster M, Callaway CW, et al. Part 1: exec-
utive summary: 2015 American Heart Association guidelines
update for cardiopulmonary resuscitation and emergency
cardiovascular care. Circulation. 2015;132 Suppl 2:S315---67,
http://dx.doi.org/10.1161/CIR.0000000000000252.

8. Neal JM, Barrington MJ, Fettiplace MR, et al. The Third
American Society of Regional Anesthesia and Pain Medicine
Practice advisory on local anesthetic systemic toxicity: exec-
utive summary 2017. Reg Anesth Pain Med. 2018;43:113---23,
http://dx.doi.org/10.1097/AAP.0000000000000720.

9. Cave G, Harvey MG, Winterbottom T. Evaluation of the
Association of Anaesthetists of Great Britain and Ire-
land lipid infusion protocol in bupivacaine induced
cardiac arrest in rabbits. Anaesthesia. 2009;64:732---7,
http://dx.doi.org/10.1111/j.1365-2044.2009.05893.x.

0. Weinberg G. Current evidence supports use of lipid rescue ther-
apy in local anaesthetic systemic toxicity. Acta Anaesthesiol
Scand. 2017;61:365---8, http://dx.doi.org/10.1111/aas.12870.

1. Kostic MA, Gorelick M. Review of the use
of lipid emulsion in nonlocal anesthetic poi-
soning. Pediatr Emerg Care. 2014;30:427---33,
http://dx.doi.org/10.1097/PEC.0000000000000155, quiz
434---436.

2. French D, Smollin C, Ruan W, Wong A, Drasner K, Wu
AHB. Partition constant and volume of distribution as
predictors of clinical efficacy of lipid rescue for toxi-
cological emergencies. Clin Toxicol (Phila). 2011;49:801---9,
http://dx.doi.org/10.3109/15563650.2011.617308.

3. Smolinske S, Hoffman RS, Villeneuve E, Hoegberg LCG, Gos-
selin S. Utilization of lipid emulsion therapy in fatal overdose
cases: an observational study. Clin Toxicol (Phila). 2018:1---6,
http://dx.doi.org/10.1080/15563650.2018.1504954.

4. Salhanick SD. Tricyclic antidepressant poisoning. UptoDate;
2021.

5. Wong J, Motulsky A, Abrahamowicz M, Eguale T, Buckeridge
DL, Tamblyn R. Off-label indications for antidepressants in
primary care: descriptive study of prescriptions from an
indication based electronic prescribing system. BMJ. 2017,
http://dx.doi.org/10.1136/bmj.j603, j603.

6. Kerr GW, McGuffie AC, Wilkie S. Tricyclic antidepres-
sant overdose: a review. Emerg Med J. 2001;18:236---41,
http://dx.doi.org/10.1136/emj.18.4.236.

7. Cao D, Heard K, Foran M, Koyfman A. Intravenous lipid
emulsion in the emergency department: a systematic
review of recent literature. J Emerg Med. 2015;48:387---97,
http://dx.doi.org/10.1016/j.jemermed.2014.10.009.

8. Levine M, Hoffman RS, Lavergne V, et al. Systematic review
of the effect of intravenous lipid emulsion therapy for non-
local anesthetics toxicity. Clin Toxicol (Phila). 2016;54:194---221,
http://dx.doi.org/10.3109/15563650.2015.1126286.

9. Varney SM, Bebarta VS, Vargas TE, Boudreau S, Castaneda
M. Intravenous lipid emulsion therapy does not improve

hypotension compared to sodium bicarbonate for tricyclic
antidepressant toxicity: a randomized, controlled pilot study
in a swine model. Acad Emerg Med. 2014;21:1212---9,
http://dx.doi.org/10.1111/acem.12513.

43
Reanimación  69  (2022)  421---432

0. Perichon D, Turfus S, Gerostamoulos D, Graudins
A. An assessment of the in vivo effects of intra-
venous lipid emulsion on blood drug concentration
and haemodynamics following oro-gastric amitripty-
line overdose. Clin Toxicol (Phila). 2013;51:208---15,
http://dx.doi.org/10.3109/15563650.2013.778994.

1. Lashari BH, Minalyan A, Khan W, Naglak M, Ward W.
The use of high-dose insulin infusion and lipid emul-
sion therapy in concurrent beta-blocker and calcium
channel blocker overdose. Cureus. 2018;10:e3534,
http://dx.doi.org/10.7759/cureus.3534.

2. Hoffman R, Howland M, Lewin N, Nelson L, Golfrank L. Gold-
frank’s toxicologic emergences. McGraw-Hill Education; 2015.

3. St-Onge M, Anseeuw K, Cantrell FL, et al. Experts consen-
sus recommendations for the management of calcium channel
blocker poisoning in adults. Crit Care Med. 2017;45:e306---15,
http://dx.doi.org/10.1097/CCM.0000000000002087.

4. Hayes BD, Gosselin S, Calello DP, et al. Systematic
review of clinical adverse events reported after acute
intravenous lipid emulsion administration. Clin Toxicol.
2016;54:365---404, http://dx.doi.org/10.3109/15563650.2016.
1151528.

5. Apovian CM. Naltrexone/bupropion for the treatment of
obesity and obesity with Type 2 diabetes. Future Cardiol.
2016;12:129---38, http://dx.doi.org/10.2217/fca.15.79.

6. Khan SR, Berendt RT, Ellison CD, et al. Bupropion hydrochlo-
ride. Profiles Drug Subst Excip Relat Methodol. 2016;41:1---30,
http://dx.doi.org/10.1016/bs.podrm.2015.12.001.

7. Livshits Z, Feng Q, Chowdhury F, Amdo TD, Nel-
son LS, Hoffman RS. Life-threatening bupropion
ingestion: is there a role for intravenous fat emul-
sion? Basic Clin Pharmacol Toxicol. 2011;109:418---22,
http://dx.doi.org/10.1111/j.1742-7843.2011.00750.x.

8. Fulton LV, Fabich RA, Bhatta J, et al. Comparison of
resuscitative protocols for bupropion overdose using lipid
emulsion in a swine model. Mil Med. 2016;181:482---7,
http://dx.doi.org/10.7205/MILMED-D-15-00218.

9. Kryshtal DO, Dawling S, Seger D, Knollmann BC. In vitro
studies indicate intravenous lipid emulsion acts as lipid
sink in verapamil poisoning. J Med Toxicol. 2016;12:165---71,
http://dx.doi.org/10.1007/s13181-015-0511-y.

0. Nelson LS. Cocaine: Acute intoxication. UptoDate; 2021.
1. Carreiro S, Blum J, Hack JB. Pretreatment with intra-

venous lipid emulsion reduces mortality from cocaine
toxicity in a rat model. Ann Emerg Med. 2014;64:32---7,
http://dx.doi.org/10.1016/j.annemergmed.2013.11.017.

2. Chai PR, Hack JB. Intravenous lipid emulsion in the
resuscitation of cocaine-induced cardiovascular arrest
in a rat model. Am J Emerg Med. 2016;34:1452---4,
http://dx.doi.org/10.1016/j.ajem.2016.04.026.

3. Fettiplace MR, Pichurko A, Ripper R, et al. Cardiac depres-
sion induced by cocaine or cocaethylene is alleviated by
lipid emulsion more effectively than by sulfobutylether-
�-cyclodextrin. Acad Emerg Med. 2015;22:508---17,
http://dx.doi.org/10.1111/acem.12657.

4. Cherukuri SV, Purvis AW, Tosto ST, Velayati A. IV Lipid
Emulsion Infusion in the Treatment of Severe Diphen-
hydramine Overdose. Am J Case Rep. 2019;20:758---63,
http://dx.doi.org/10.12659/AJCR.912523.

5. Varney SM, Bebarta VS, Boudreau SM, Vargas TE, Castaneda
M, Zarzabal LA. Intravenous lipid emulsion therapy for

severe Diphenhydramine toxicity: A randomized, controlled
pilot study in a swine model. Ann Emerg Med. 2016;67,
http://dx.doi.org/10.1016/j.annemergmed.2015.05.028,
196---205.e3.

1

dx.doi.org/10.1080/15563650.2017.1288911
dx.doi.org/10.1016/j.resuscitation.2015.07.038
dx.doi.org/10.1161/CIR.0000000000000252
dx.doi.org/10.1097/AAP.0000000000000720
dx.doi.org/10.1111/j.1365-2044.2009.05893.x
dx.doi.org/10.1111/aas.12870
dx.doi.org/10.1097/PEC.0000000000000155
dx.doi.org/10.3109/15563650.2011.617308
dx.doi.org/10.1080/15563650.2018.1504954
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0170
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0170
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0170
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0170
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0170
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0170
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0170
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0170
dx.doi.org/10.1136/bmj.j603
dx.doi.org/10.1136/emj.18.4.236
dx.doi.org/10.1016/j.jemermed.2014.10.009
dx.doi.org/10.3109/15563650.2015.1126286
dx.doi.org/10.1111/acem.12513
dx.doi.org/10.3109/15563650.2013.778994
dx.doi.org/10.7759/cureus.3534
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0210
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0210
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0210
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0210
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0210
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0210
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0210
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0210
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0210
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0210
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0210
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0210
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0210
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0210
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0210
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0210
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0210
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0210
dx.doi.org/10.1097/CCM.0000000000002087
dx.doi.org/10.3109/15563650.2016.1151528
dx.doi.org/10.3109/15563650.2016.1151528
dx.doi.org/10.2217/fca.15.79
dx.doi.org/10.1016/bs.podrm.2015.12.001
dx.doi.org/10.1111/j.1742-7843.2011.00750.x
dx.doi.org/10.7205/MILMED-D-15-00218
dx.doi.org/10.1007/s13181-015-0511-y
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0250
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0250
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0250
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0250
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0250
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0250
http://refhub.elsevier.com/S2341-1929(22)00112-3/sbref0250
dx.doi.org/10.1016/j.annemergmed.2013.11.017
dx.doi.org/10.1016/j.ajem.2016.04.026
dx.doi.org/10.1111/acem.12657
dx.doi.org/10.12659/AJCR.912523
dx.doi.org/10.1016/j.annemergmed.2015.05.028


rnan

5

5

5
UptoDate; 2021.

59. Heldens M, van der Nat GA, Melman MPG. Renal failure, shock,
and loss of pacemaker capture: A case of flecainide intoxication.
S.  García-Ramos,  I.  Fe
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