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P e rm iss io n

T itle L ip id  E m u ls io n  T h e ra p y  a s  T re a tm en t fo r  L o ca l A n e s th e tic  S y s tem ic  T ox ic ity

D ep a r tm en t N u rs in g

D eg ree  M a s te r  o f  S c ien ce

In p re s e n tin g  th is  in d e p e n d en t s tudy  in  p a rtia l fu lf il lm en t o f  th e  req u irem en ts  fo r  a  g radu a te  

d eg re e  f rom  th e  U n iv e rs ity  o f  N o r th  D ako ta , I a g re e  th a t th e  C o lle g e  o f  N u rs in g  o f  th is  

U n iv e rs ity  sh a ll m ak e  i t f re e ly  a v a ila b le  fo r in sp e c tio n . I fu r th e r  a g re e  th a t p e rm is s io n  fo r 

e x te n s iv e  co p y in g  o r e le c tro n ic  a cc e s s  fo r  sc h o la r ly  p u rp o se s  m ay  b e  g ran ted  by  th e  p ro fe s so r  

w ho  su p e rv ise d  m y  in d e p e n d e n t s tu d y  w o rk  o r, in  h e r  ab sen ce , b y  th e  c h a irp e rso n  o f  the  

d e p a r tm en t o r the  d e a n  o f  the  G rad u a te  S choo l. It is  u n d e rs to o d  th a t  any  c o p y in g  o r  p u b lic a tio n  

o r o th e r  u se  o f  th is  in d ep e n d en t s tu d y  o r  p a rt  th e r e o f  fo r  f in an c ia l  g a in  sha ll n o t b e  a llow ed  

w ith o u t m y  w r it te n  p e rm iss io n . It is  a lso  u n d e rs to o d  th a t  d ue  re c o g n it io n  sha ll b e  g iv en  to  m e  

and  to  th e  U n iv e rs ity  o f  N o r th  D ak o ta  in  any  s c h o la rly  u se  w h ich  m ay  b e  m ad e  o f  an y  m a te r ia l  

in  m y  in d ep en d en t s tu dy .

S ign a tu re

D a te  K) • 5^4 • cEO l\
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A b s tra c t

L oca l a n e s th e tic  sy s tem ic  to x ic ity , d ue  to  m is ap p lic a tio n  o f  local a n e s th e tic  in  an  o th e rw ise  

ro u tin e  p ro ce d u re , c an  re su lt  in  d e le te r io u s  e ffe c ts . A lth o u g h  im p ro v e d  reg ion a l a n e s th e s ia  

te c h n iq u e s , e ffe c tiv e  te s t-d o s in g , and  a v a ila b il ity  o f  le ss  to x ic  loca l a n e s th e tic s  h a v e  re su lte d  in  a 

d e c lin e  in  lo ca l a n es th e tic  to x ic ity  ra te s , a d v e rse  e v e n ts  d o  occu r. A  c om p reh en s iv e  re v iew  o f  

l ite ra tu re  w a s  c o n du c ted  and  cu rren t re s e a rc h  f in d in g s  an d  d o c um en te d  case  s tu d ie s  w e re  

sy s tem a tic a lly  rev iew ed . T h e  “ lip id  s in k ” p h e n om eno n  is  th e  m o s t w id e ly  a c c ep ted  th eo re tic a l  

f ram ew o rk  su r ro u n d in g  in tra v e no u s  l ip id  em u ls io n  t re a tm en t fo r lo ca l  a n e s th e tic  in d u ce d  

c a rd io v a sc u la r  c o llap se  (R o th sc h ild , B e rn , O sw a ld , &  W e inb e rg , 2 0 1 0 ) . C u rren t e v id e n c e  

su gg es ts  th a t im m ed ia te  in fu s io n  o f  l ip id  em u ls io n  sh o u ld  b e  c o n s id e re d  w hen  c lin ic a l  s ign s  o f  

lo ca l a n e s th e tic  to x ic ity  m an ife s t.  B y  re la y in g  in fo rm a tio n  su r ro u nd in g  p rac tic e  g u id e lin e s  on  

loca l a n es th e tic  sy s tem ic  to x ic ity , a n e s th e s ia  p ra c ti t io n e rs  w ill h av e  an  im p rov ed  u n d e rs tan d in g  

o f  lo ca l a n e s th e tic  sy s tem ic  to x ic ity  c lin ica l d ia g n o s is  an d  lip id  em u ls io n  in fu s ion  a s  a  tre a tm en t 

m od a lity .

Keywords: in tra v en o u s  lip id  em u ls io n , lo ca l a n e s th e tic s , lo ca l  a n e s th e tic  s y s tem ic  

to x ic ity , lo ca l  a n es th e tic  to x ic ity , l ip id  s in k , l ip id  in fu s io n
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L ip id  E m u ls io n  In fu s io n  as T re a tm en t fo r  L o ca l A n e s th e tic  S y s tem ic  T o x ic ity

E m e rg in g  te c h n o lo g ie s  in  reg ion a l a n e s th e s ia  and  th e  in c re a s in g  p o p u la ri ty  o f  

p e r io p e ra tiv e  reg io n a l a n e s th e s ia  te c h n iq u e  re n d e rs  im p o r tan c e  o f  a n e s th e s ia  p ro v id e r  v ig ila n ce  

in  b o th  d e te c tio n  and  tre a tm en t o f  p o ten tia lly  c a ta s tro p h ic  c om p lic a tio n s  o f  reg ion a l a n e s th e s ia . 

A lth o u g h  se r io u s  s id e  e f fe c ts  a s so c ia te d  w ith  lo ca l a n e s th e tic  a dm in is tra tio n  a re  ra re , it is 

p ru d e n t th a t a n e s th e s ia  p ro v id e rs  rem a in  u p - to -d a te  w ith  th e  la tes t re s e a rc h  and  g u id e lin e s  in  

re su sc ita t io n  o f  lo ca l  a n e s th e tic  sy s tem ic  to x ic ity  (L A ST )  w ith  in tra v e n o u s  l ip id  em u ls io n .

Purpose

B eca u se  lo ca l  a n e s th e tic  to x ic ity  rem a in s  a  c lin ica l c o n ce rn  w h en  p e rfo rm in g  reg ion a l 

a n e s th e s ia , it is im p e ra tiv e  th a t  C e rtif ie d  R eg is te re d  N u rs e  A n e s th e tis ts  (C R N A s)  a re  v ig ila n t  in  

re c o g n iz in g  s ig n s  and  sym p tom s  o f  LA ST  a nd  a re  ab le  to  d em on s tra te  b o th  e ffe c tiv e  an d  

e ff ic ie n t a dm in is tra tio n  o f  l ip id  em u ls io n  th e ra p y  in  re su sc ita t io n  o f  s ig n if ic a n t loca l a n e s th e tic  

to x ic ity .

T he  p u rp o se  o f  th is  in d ep e n d e n t p ro je c t  is  to  im p ro v e  c lin ica l  p rac tic e  by  p ro v id in g  

c u rre n t and  fu tu re  a n e s th e s ia  p ra c ti t io n e rs  m ed ica l l ite ra tu re  in v o lv ing  th e  se rio u sn es s  o f  loca l 

a n e s th e tic  to x ic ity  and  th e  in s ti tu tio n  o f  in tra v e n o u s  l ip id  em u ls io n  th e ra p y  as a  b en e f ic ia l  

tre a tm en t m o d a li ty . T h e  in fo rm a tio n  g a th e re d  w a s  p re s e n te d  to  c lin ic ia n s  an d  a n c illa ry  o p e ra tin g  

ro om  s ta f f  a t lo c a l  a n es th e tic  to x ic ity  w o rk sh o p s  c o n d u c te d  a t  S an fo rd  H e a lth , F a rg o , N o r th  

D ako ta , and  w ill  b e  d e liv e re d  a t  th e  N o r th  D a k o ta  A s so c ia tio n  o f  N u rs e  A n e s th e tis ts  b i-an n u a l 

m e e tin g  in  B ism a rc k , N o r th  D ako ta .

T h e  u lt im a te  goa l fo r  th e  d e liv e ry  o f  c u r re n t, re p u ta b le  e v id e n ce  c om b in e d  f rom  th e  

l i te ra tu re  is to  g u id e  a n e s th e s ia  p ro fe s s io n a ls  in  th e  e x e c u tio n  o f  rap id  p ro b lem  re c o g n it io n  and
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e f f ic ie n cy  in  th e  re su sc ita t io n  p ro c e s s , in c lu d in g  g u id e lin e s  fo r  an  a p p ro p r ia te  l ip id  em u ls io n  

th e rap y  reg im en .

Significance

A lth o ug h  em e rg in g  te c h n o lo g ie s  in  r e g io n a l a n e s th e s ia  m ay  p o ten tia l ly  im p rov e  th e  

e ff ic ac y  a n d  sa fe ty  o f  reg ion a l a n e s th e s ia , th e  re d u c tio n  in th e  n um b e r  o f  c l in ic a lly  im p o r tan t 

LA ST  e v e n ts  h av e  n o t b e en  c o rre la te d . U n fo r tu n a te ly , lo ca l a n es th e tic  to x ic ity  c o n tin u e s  to  b e  a 

m a jo r  c o n tr ib u tin g  so u rc e  o f  m o rb id ity  and  m o r ta li ty  in  re g io n a l a n e s th e s ia  p ra c tic e . A c c o rd in g  

to  V a re la  and  B u rn s  (20 1 0 ) , th e  in c id e n c e  o f  lo c a l  a n e s th e tic  to x ic ity  ran g e s  f rom  7.5  to  2 0  p e r  

10 ,000  p e r ip h e ra l  n e rv e  b lo ck s  a n d  ab ou t 4  p e r  1 0 ,000  ep id u ra l  b lo ck s , h ow ev e r , th e  in c id en c e  

m ay  b e  u n d e rre p o r te d  (V a re la  &  B u rn s , 2 010 , p . 3 61 ). A n  A m e r ic a n  S o c ie ty  o f  

A n e s th e s io lo g is ts  c lo s ed  c la im  a n a ly s is  rep o r t re c e n tly  a ttr ib u te d  o n e -th ird  o f  c la im s  fo r d e a th  o r 

b ra in  d am ag e  a s so c ia ted  w ith  re g io n a l a n e s th e s ia  to  loca l a n e s th e tic  s y s tem ic  to x ic ity  (L ee , 

P o sn e r , C h a n ey , C a p la in , &  D om in o , 2 008 ). A s  e v id e n c ed  b y  th e  s ta tis t ic s  re la y e d  a b ov e , L A ST  

is a  ra re  an d  p o te n tia l ly  fa ta l c om p lic a tio n  o f  re g io n a l a n e s th e s ia . A  re c e n t su rv e y  c o n d u c te d  by  

C o rc o ran  e t  al. (2 0 0 6 )  c o n c lu d e d  “w id e  v a ria b il i ty  in  p re p a red n e s s  fo r lo c a l  a n e s th e tic  to x ic ity  

and  la c k  o f  c o n se n su s  fo r  tre a tm en t”  (p . 1326) am o n g  a n e s th e s io lo g y  d e p a r tm e n ts  in  the  U n ite d  

S ta tes . In  o rd e r  to  a p p ro p r ia te ly  m an a g e  a  lo ca l a n e s th e tic  in d u c e d  c a rd ia c  to x ic ity  c ris is , 

c lin ic ia n s  m u s t be  re le v a n t in  p ra c tic e  in  e ffe c tiv e ly  tre a tin g  o n e  o f  th e  m o s t d ev a s ta tin g  

c om p lic a tio n s  o f  re g io n a l a n e s th e s ia .

Theoretical Framework

In it ia l ly  d e v is e d  in  1998 b y  G uy  W e in b e rg , M D , th e  “ lip id  s in k ” p h e n om en o n  is th e  m o s t 

w ide ly  a c c ep ted  m e ch a n ism  o f  a c tio n  fo r l ip id  in fu s io n  a s  a  tre a tm en t fo r  lo ca l  a n e s th e tic  

to x ic ity  (R o th sch ild  e t  a l., 2 0 10 ). W e in b e rg , V ad eB o n co u e r , R am a ra ju , G a rc ia -A m a ro  a n d  C w ik
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(1998 ), p ro v id e d  d ire c t e v id e n ce  th a t  l ip id s  h ad  th e  a b il i ty  to  c o u n te ra c t  th e  to x ic  e ffec ts  o f  

b u p iv ac a in e  in  the  b lo o d s tre am  in a  ra t  m ode l (as  c i te d  in  M anav i, 2 0 1 0 ) . T h e  o b se rv a tio n s  m ad e  

by  th is  g ro u p  o f  in v e s tig a to rs  su g g e s ted  th e  p o ten tia l  fo r  tre a tm en t o f  b u p iv a c a in e  in duced  

c a rd io to x ic ity  (W e in b e rg  e t  a l., 1998).

In fu s ion  o f  l ip id  em u ls io n  th e ra p y  can  be  in s trum en ta l in  th e  re su sc ita t io n  o f  local 

a n e s th e tic  in d u ce d  sy s tem ic  to x ic ity  th eo re tic a lly  by  a c tin g  as a  “ l ip id  s in k ” th a t  d raw s  d ow n  th e  

c on ten t o f  th e  l ip id -so lu b le  lo ca l a n e s th e tic s  from  w ith in  th e  c a rd ia c  t is su e , u ltim a te ly  im p ro v in g  

c a rd iac  c o n d u c tio n , c o n tra c ti li ty , and  c o ro n a ry  p e rfu s io n  (N ea l e t a l.,  2 010 ). M o re  s im p ly  

d e sc r ib ed , th e  “ lip id  s in k ” th eo ry  p o s tu la te s  th a t in fu s io n  o f  a  l ip id  em u ls io n  c re a te s  a  s ep a ra te  

lip id  c om p a r tm en t w ith in  p la sm a  in to  w h ich  local a n e s th e tic s  a re  d raw n  (M an av i, 2 010 ).

T h e  c lin ica l e f f ic ac y  o f  l ip id  em u ls io n  th e ra p y  c an  be  a ttr ib u te d  to  th e  b in d in g  p ro p e rty  o f  

the  em u ls io n . A c co rd in g  to  R o th sc h ild  e t  a l. (2 010 ), th e  “ lip id  s in k ” th eo ry  su g g e s ts  th a t a  la rg e  

se rum  lip id  p h a se  e x tra c ts  lo ca l a n e s th e tic s  from  th e  p la sm a . L ip o p h il ic  d ru g s , su ch  as loca l 

a n e s th e tic s , a re  d raw n  in to  th e  “ lip id  s in k ”  and  a  c o n c en tra tio n  g ra d ie n t d e v e lo p s  b e tw ee n  t is su e  

and  b loo d  w h ich  c au se  th e  lo ca l a n e s th e tic  to  m ove  aw ay  from  th e  h e a r t  o r  b ra in  to  th e  “ lip id  

s in k ” (R o th sc h ild  e t a l., 2 0 1 0 , p. 8).

U n d o ub ted ly , th e  “ lip id  s ink ” th e o ry  has ta k e n  p re c ed e n c e  in  p ro v id in g  a n  e x p lan a tio n  

fo r the  m ec h an ism  o f  a c tio n  o f  in tra v e no u s  (IV ) l ip id  em u ls io n  th e ra p y  in  lo ca l a n e s th e tic  

to x ic ity . H ow ev e r, h is to ric a lly  a n o th e r  th eo ry  is th a t  l ip id  in fu s io n s  m ay  h av e  m e tab o lic  e f fe c ts  

by  in h ib itin g  m ito c h o nd r ia l  m e tab o lism  o f  lip id s , re d u c in g  t is su e  a c id o s is , a n d  d e c re a s in g  c a rb o n  

d iox id e  p ro d u c tio n  d u r in g  t im e s  o f  m yo ca rd ia l  isc h em ia . It h a s  a lso  b e en  su g g e s te d  th a t  lo ca l 

a n es th e tic s  im p a ir  fa tty  a c id  p ro d u c tio n  o f  m ito c ho n d r ia . In fu s ion  o f  l ip id  em u ls io n s  m ay  w o rk
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to  sa tu ra te  th e  im p a ired  d e liv e ry  o f  fa tty  a c id s  to  re s to re  fu r th e r  p ro d u c tio n  o f  e n e rg y  (F e lic e  &  

S ch um ann , 2 008 ).

Definitions

C o n ce p ts  s u r ro u nd in g  lo ca l a n e s th e tic  in d u ced  c a rd ia c  to x ic ity  a n d  lip id  in fu s io n  th e rap y  

c an  be  d if f ic u lt  to  com p reh en d . A lth o u gh  c a s e  rep o r ts  o f  L A S T  d ep ic t  v a ria b ili ty  in  p re s en ta tio n , 

th e  A m e ric an  S o c ie ty  o f  R eg io n a l A n e s th e s ia  (A SRA ) a n d  P a in  M ed ic in e  P rac tic e  a d v iso ry  

s ta te s  the  c la ss ic  d e s c r ip tio n  o f  th e  c lin ica l d ia g n o s is  o f  sy s tem ic  to x ic ity  in c lu d e s  “ su b jec tiv e  

sym p tom s  o f  c en tra l  n e rv ou s  sy s tem  e x c item en t su ch  as a u d ito ry  c h an g e s , c ircum o ra l n um bn e s s , 

m e ta ll ic  ta s te  an d  a g ita t io n  th a t  p ro g re s se s  to  s e izu res  a n d /o r  cen tra l  n e rv o u s  sy s tem  d e p re s s io n ” 

(N ea l e t a l., 2 01 0 , p. 155). It is  im p o rtan t to  n o te  th a t in  th e  c la ss ic  p re s e n ta tio n  o f  lo ca l  

a n e s th e tic  s y s tem ic  to x ic ity , c en tra l  n e rv o u s  sy s tem  to x ic ity  p rec ed e s  c a rd ia c  to x ic ity . P a tien ts  

p re s e n tin g  w ith  L A ST  s eem  to  fo llow  a  c om m on  c lin ica l  c o u rse  o f  s ym p tom s in c lu d in g  

tac h y c a rd ia , fo llow ed  b y  a  w id e n in g  Q R S  p a tte rn  on  th e  e le c tro c a rd io g ram , se izu re  a c tiv ity  and  

u ltim a te ly  a sy s to le  (M an av i, 2 0 10 ). I f  c lin ic ia n s  fam ilia r iz e  th em se lv e s  w ith  th is  c o n s is te n t 

p a tte rn , lo ca l a n e s th e tic  to x ic ity  m ay  be  re c o g n iz e d  and  in te rv en e d  in  a  s tag e  b e fo re  i t b e com es  

d isa s tro u s .

B e ca u se  th e  c om m erc ia l in tra v e no u s  l ip id  em u ls io n  p ro d u c ts  a re  a v a ilab le  in  v a r io u s  

c o n ce n tra tio n s , it is  im po r tan t to  d e fin e  th e  sp e c if ic a tio n s  fo r  lip id  em u ls io n s  su itab le  in  th e  

tre a tm en t o f  lo ca l  a n es th e tic  tox ic ity . H um an  case  rep o r ts  p re d om in a n tly  d o c um en ted  

com m erc ia l  p re p a ra tio n  o f  a  2 0%  lip id  em u ls io n  fo rm u la tio n . T he  2 0%  fo rm u la tio n  o f  l ip id  

em u ls io n  c o n ta in s  2 0%  so y b e an  o il, 1 .2%  e gg  y o lk  p h o sp h o lip id s , 2 .2 5%  g ly ce r in , a n d  th e  

rem a in d e r  is  w a te r  (F e lic e  &  S ch um ann , 2 0 0 8 , p . 186). A c c o rd in g  to  th e  A S RA  g u id e lin e s  

p u b lish ed  in  2 01 0 , th e re  is  n o  e v id en ce  th a t  o n e  trad e  n am e  fo rm u la tio n  o f  l ip id  em u ls io n  is
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su p e r io r  to  a n o th e r  (N ea l e t a l., 2 010 ). T he  re c om m en d a tio n s  im po r tan tly  s ta te  p ropo fo l is  n o t to  

be  c o n s id e re d  a s  a  s u b s ti tu te  fo r  l ip id  em u ls io n  th e rap y  b e c a u se  o f  its  low  lip id  co n ten t, th e  la rg e  

v o lum e s  req u ired  fo r  re su sc ita tio n , and  th e  d ire c t  c a rd iac  d e p re s s a n t e f fe c ts  a s so c ia ted  w ith  

a dm in is tra tio n  (N ea l e t a l., 2 0 1 0 , p. 158).

Process

A  c om p re h e n s iv e  re v iew  o f  lite ra tu re  w a s  c o n d u c ted  u s in g  m a jo r  l ite ra tu re  se a rch  

e n g in e s  su ch  as C um u la tiv e  In d ex  to  N u rs in g  and  A llied  H e a lth  L ite ra tu re  (C IN A H L ) and  

N a tio n a l L ib ra ry  o f  M ed ic in e ’s P u bM ed , O v id , a n d  G oog le  S c h o la r  d a ta b a se s . A m e ric an  

A s so c ia tio n  o f  N u rs e  A n e s th e tis ts  jo u rn a l p u b lic a tio n s  a n d  re le v a n t c ita t io n s  from  re tr iev e d  

a r t ic le s  w e re  s tu d ie d  to  p ro v id e  su p p lem en ta l  d o c um en ta tio n . In  a d d it io n  to  p e e r  rev iew ed  

jo u rn a l  a rt ic le s  an d  a  sy s tem a tic  lite ra tu re  rev iew , an  o n lin e  l ip id  rescu e  o rg an iz a tio n  w as  

u ti l iz e d  to  in v e s tig a te  an d  c o n v ey  c lin ic a lly  re le v a n t d a ta . A f te r  th e  f irs t  c a s e  o f  su cce ss fu l  

re su sc ita t io n  u s in g  l ip id  em u ls io n  in fu s ion  w a s  p u b lish ed  in  2 006 , D r. G uy  W e inb e rg  c re a te d  a 

w eb s ite , w w w .lip id re s c u e .o rg , d e d ica ted  to  in fo rm in g  h e a lth c a re  p ro v id e rs  o n  th e  m e th o d o lo g y  

su rro u n d in g  l ip id  em u ls io n  in fu s io n . T h is  o n lin e  fo rum  p ro v id e s  a  m ea n s  fo r  th e  a n e s th e s ia  

c om m u n ity  to  re v iew  and  p o st  c a se  rep o r ts , m ed ic a l  l ite ra tu re , re s e a rch  d a ta , and  g u id e lin e s  all 

a im ed  tow a rd  th e  p rev e n tio n , re c o g n it io n , a n d  tre a tm en t o f  lo ca l  a n e s th e tic  sy s tem ic  to x ic ity .

K ey  se a rc h  w o rd s  and  p h ra s e s  in c lud ed : in tra v e no u s  l ip id  em u ls io n , lo ca l a n e s th e tic s , 

lo ca l  a n e s th e tic  s y s tem ic  to x ic ity , lo ca l a n e s th e tic  to x ic ity , l ip id  s ink , l ip id  in fu s ion . T he  

sy s tem a tic  l i te ra tu re  rev iew  w as  g ea red  tow a rd  g a in ing  re le v a n t m ed ica l  l i te ra tu re  and  c a s e  

re p o r ts  su r ro u n d in g  th e  m ec h an ism s , d iag n o s is , a n d  tre a tm en t o f  l ife - th re a te n in g  lo ca l a n e s th e tic

o v e rd o se .

http://www.lipidrescue.org
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T he  in fo rm a tio n  g a th e red  w a s  p re s en ted  to  c lin ic ian s  an d  a n c illa ry  o p e ra tin g  ro om  s ta f f  

at th re e  lo ca l a n e s th e tic  to x ic ity  w o rk sh o p  s e ss io n s  a t S an fo rd  H e a lth , F a rg o , N o r th  D ako ta , and  

w ill b e  d e liv e red  to  a tte n d e e s  o f  th e  N o r th  D ako ta  A s so c ia tio n  o f  N u rse  A n e s th e tis ts  b i-an n u a l 

m e e tin g  in  B ism arck , N o r th  D ako ta .

Review of Literature

W ith  d a ta  from  v a rio u s  a n im a l s tud ies  an d  sev e ra l c a se  re p o r ts  to  te s t ify  th e  e ffe c tiv e n e s s  

o f  l ip id s , l ip id  em u ls io n  th e rap y  is  g a in in g  in te rn a tio n a l c lin ica l  a c c ep tan c e  a s  a tre a tm en t fo r  

LA ST . H ow ev e r , a n  in c o n s is te n cy  am on g  p rac tic e s  in  th e  m an a g em en t o f  c a ta s tro p h ic  loca l 

a n e s th e tic  to x ic ity  rem a in s . N um e ro u s  d o c um en te d  an im a l s tu d ie s  h av e  b e en  c o n d u c ted  to  a id  in  

th e  fo rm u la tio n  o f  l ip id  em u ls io n  th e ra p y  g u id e lin e s  as an  a p p ro p r ia te  in te rv en tio n  fo r tre a tm en t 

in  th e  c lin ica l re a lm . P u b lish e d  c a se  rep o r ts , e d ito r ia ls , re s ea rch , a n d  rev iew s  o f  lip id  em u ls io n  

th e ra p y  in  th e  m ed ica l l ite ra tu re  fu r th e r  a id  in  b o th  re co gn iz in g  and  tre a tin g  l ife  th re a te n in g  lo ca l  

a n e s th e tic  tox ic ity .

T h e  fo u n d a tio n  fo r  s p a rk in g  in te re s t am o n g  a n e s th e s ia  p ro fe s s io n a ls  fo r  l ip id  em u ls io n  

in fu s io n  fo r  tre a tm en t o f  LA ST  is b a s ed  on  p u b lish e d  s tud ies  in v o lv in g  a n im a l m ode ls . In  1998 , 

W e in b e rg  and  c o lle a g u e s  rep o r te d  th e  f irs t  la b o ra to ry  o b se rv a tio n  su g g e s tiv e  o f  su p p o r tin g  l ip id  

in fu s io n  in  bo th  p re v e n tio n  and  tre a tm en t o f  b u p iv a c a in e  o v e rd o se . T h e  c a se  in v o lv e d  a 

p re tre a tm en t p ro to co l a n d  re su sc ita t io n  p ro to co l e x p e r im en t in  ra t  m ode ls . In  th e  p re tre a tm en t 

g rou p , th e  ra ts  re c e iv e d  p re tre a tm en ts  o f  sa lin e  o r  l ip id  em u ls io n  a n d  th en  re c e iv e d  a  0 .7 5%  

b u p iv a c a in e  h y d ro c h lo r id e  d o se  to  in d u ce  a sy s to le  fo r  a  p e rio d  o f  10 se co n d s . In  th e  re su sc ita tio n  

p ro to co l e x p e rim en t, ra t  m o de ls  w e re  a dm in is te re d  a  range  o f  b u p iv a c a in e  b o lu s  do se s  fo llow ed  

by  e ith e r  a  sa lin e  o r  l ip id  em u ls io n  d o se , and  th e n  a  c o n tin u ou s  in fu s ion . T h e  re su lts  o f  th is  s tudy  

sh ow ed  b u p iv a c a in e  d o se s  to  p ro d u c e  a sy s to le  in  ra ts  a re  in c re a s e d  w h en  p re tre a te d  w ith  l ip id s .
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A s in  p re tre a tm en t, l ip id  em u ls io n  im p ro v e d  m o r ta li ty  from  la rg e  b o lu se s  o f  b u p iv a c a in e  a t d o se s  

p ro d u c in g  a sy s to le  c om p a red  to  sa lin e  tre a te d  co n tro l  ra ts  (W e in b e rg  e t a l., 1998). T he  

re su sc ita t io n  d a ta  re la y ed  in  th is  p u b lic a tio n  su p po r t l im ited  e x p la n a tio n  e sp ec ia lly  w hen  

a ttem p tin g  to  lin k  th e  f in d in g s  w ith  re le v a n c e  to  c lin ic a l  p rac tic e . T h e  p h e n om en on  su r ro u n d in g  

th e  m ec h a n ism  o f  a c tio n  in  l ip id  em u ls io n  trea tm en t, a s  w e ll as o p tim a l d o s ing  o r  c o n ce n tra tio n  

o f  th e  l ip id  in fu s io n  w a s  n o t d e te rm in e d  by  th is  re s ea rch . T h is  s tu d y  o n ly  e v a lu a ted  im m ed ia te , 

sh o r t te rm  c a rd io v a sc u la r  o u tcom es  a n d  d id  n o t c o n s id e r  lo ng  te rm  su rv iv a l  ra te s , n eu ro lo g ica l 

fu n c tio n , o r  c a rd iac  p e rfo rm an c e  (W e in b e rg  e t  a l., 1998).

W e in b e rg  and  in v e s tig a to rs  c o n tin u ed  to  s e a rc h  e x p la n a tio n s  fo r  th e  m e c h a n ism s  in 

w h ich  l ip id  em u ls io n  tre a ts  sev e re  b u p iv a c a in e  c a rd ia c  tox ic ity . In  2 0 0 6 , a  s tu d y  w a s  c on du c ted  

in  iso la ted  ra t  h e a r ts  to  b e tte r  v a lid a te  th e  h y p o th e s is  th a t  lip id  re su sc ita tio n  red u c e s  c a rd iac  

b u p iv ac a in e  c o n te n t in  b u p iv a c a in e  in d u c ed  a sy s to le  (W e in b e rg  e t a l., 2 0 06 ). T h e  ex p e r im en t 

c om pa red  c o n tro ls  w ith o u t l ip id  in fu s io n  and  h e a r ts  g e ttin g  l ip id  im m ed ia te ly  a f te r  a n  in fu s ion  o f  

b u p iv ac a in e . B o th  c a rd ia c  t is su e  an d  b u p iv a c a in e  e ff lu x  from  h e a r ts  w ith  and  w ith o u t lip id  

in fu s ion  w e re  com pa red . F irs t  h e a r t b e a t  and  h em o dy n am ic  re c o v e ry  w a s  ev a lu a ted  w ith  

su b seq u en t f in d in g s  o f  a  m o re  rap id  re tu rn  o f  s p o n ta n e o u s  c irc u la tio n  and  fu ll re c o v e ry  o f  

c a rd iac  fu n c tio n  in h e a rts  re c e iv in g  l ip id  em u ls io n  d o se s . A lth o u g h  th is  an im a l s tu d y  do es  n o t 

ru le  o u t a l te rn a te  m e c h a n ism s  to  w h ic h  l ip id  em u ls io n  in fu s io n  w o rk s , th e  f in d in g s  a re  c o n s is te n t 

w ith  to d a y ’s m o s t a c c ep ted  h y p o th e s is  o f  “ l ip id  s in k .”

A n o th e r  an im a l s tu d y  e v a lu a te d  th e  e ffe c tiv e n e s s  o f  l ip id  em u ls io n  in fu s io n  u s in g  sa lin e  

a s  a  co n tro l  g ro u p  and  e x p e r im en ta l l ip id  in fu s ion  fo llow in g  lo ca l a n es th e tic  in d u ce d  to x ic ity  in  

d o g s  b y  in je c tio n  o f  la rg e  d o se s  o f  b u p iv ac a in e . L e th a l d o se s  o f  b u p iv a c a in e  w e re  a dm in is te red  

to  dog s  a n d  re su sc ita tio n  w a s  in it ia te d  b y  in te rna l  c a rd ia c  m as sa g e  fo llow ed  by  e ith e r  a  sa lin e  o r
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l ip id  in fu s ion . B o th  the  co n tro l  a n d  e x p e r im en ta l g ro u p s  d e v e lo p ed  h em o d yn am ic  c h an g e s ;  

h ow ev e r , d og s  tre a te d  w ith  s a lin e  led  to  p ro g re s s in g  a sy s to le  and  e v e n tu a lly  d e a th . R a p id  

h em o d yn am ic  re c o v e ry  w as  o b se rv e d  am o n g  a ll th e  l ip id  tre a te d  dog s . F u r th e r  tr ia ls  in c lu d ed  in  

th e  s tudy  in tro d u c ed  a  10 m in u te  lag  t im e  b e tw e e n  th e  sym p tom a tic  p re s e n ta tio n  o f  c a rd iac  

to x ic ity  and  su b seq u e n t l ip id  in fu s io n  th e rap y . T h e  d e la y  in  in fu s io n  in it ia t io n  is  to  b e tte r  

s im u la te  a ty p ic a l  c lin ica l  s c en a rio  w h e re  th e  an tid o te  m ay  n o t be  re a d ily  a v a ila b le  o r  w h e re  

p rac tit io n e rs  m ay  d e la y  l ip id  tre a tm en t d u e  to  fa ilu re  in  ra p id ly  re c o g n iz in g  L A ST  sym p tom s  

(B e rn , A kpa , K u o , &  W e inb e rg , 2 0 1 1 ) . T h e  s tu d y  u s in g  n o n -ro d e n t m o d e ls  h e lp e d  to  d e te rm in e  

th e  e f fe c tiv en es s  o f  l ip id  em u ls io n  in fu s io n  in  la rg e r s p e c ie s  a s  w e ll a s  p ro v id in g  b a s is  to  th e  

v a lu e  lip id s  e x h ib it  in  a id ing  to  th e  re tu rn  o f  n o rm a l h em o dy n am ic s  in  a c u te  b u p iv a c a in e  to x ic ity  

(W e in b e rg , R ip p e r, F e in s te in , &  H o ffm an , 2 003 ).

A n  e x p e r im en ta l c a se  re p o r t  w as  p u b lish e d  in  2 0 1 0  in  a n tic ip a tio n  o f  g a in in g  a  m o re  

c o n c re te  u n d e rs ta n d in g  o f  th e  re su sc ita t io n  e f fe c ts  s u r ro u n d in g  a dm in is tra tio n  o f  v a so ac tiv e  

d ru g s  in  c o n ju n c tio n  w ith  l ip id  em u ls io n  th e ra p y  in  tre a tm e n t o f  c a rd ia c  a r re s t and  

c a rd io v a sc u la r  c o lla p se  s e co n d a ry  to  lo ca l a n e s th e tic  to x ic ity . T h e  in v e s tig a tio n  in v o lv e d  rab b it 

m o d e ls  u n d e rg o in g  b up iv a c a in e  in d u ce d  c a rd ia c  a rre s t. T w en ty  se d a te d  ra b b its  re c e iv e d  a  

lO m g /kg  IV  b u p iv a c a in e  b o lu s  to  p ro d u ce  a sy s to le . V e n ti la t io n  w as  c o n tro lle d  m e c h an ic a lly  and  

a  n o n in te rv en tio n  p e rio d  o f  30  se co nd s  a f te r  a sy s to le  w a s  in s ti tu ted  to  m im ic  c lin ic a l p rac tic e  

an d  re sp o n se  t im e . C h e s t  c om p re s s io n s  w e re  in it ia ted  a f te r  th e  lag  p e r io d  c om m en ced . A t 1 

m in u te , a ll tw e n ty  su b jec ts  re c e iv e d  2 0%  lip id  em u ls io n  a n d  e ith e r  e p in e p h r in e  o r s a lin e  w as  

a dm in is te re d  o v e r  th e  su b se q u e n t 10 se co n d s . F o u r  e x p e r im en ta l  g ro u p s  w e re  d e s ig n e d , 

c om p ris in g  o f  th e  fo llow ing  tre a tm en ts :  a  c o n tro l  g ro up  re c e iv in g  s a lin e ;  low  d o se  e p in e p h r in e  

g ro u p  g iv en  2 .5  p g /k g ; in te rm ed ia te -d o se  e p in e p h r in e  a n im a ls  a dm in is te re d  10 p g /k g ; an d  a  100
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p g /k g  h ig h  d o se  e p in e p h r in e  g ro up . A  rep ea t in je c tio n  o f  l ip id s  w a s  a dm in is te re d  to  all g ro u p s  at 

th e  4  m inu te  in te rv a l . C h es t  c om p re s s io n s , m ec h an ica l v e n ti la t io n , and  h em o d yn am ic  m on ito rin g  

w as  c o n tin u ed  fo r  15 m in u te s  o r  u n til  s p o n ta n eo u s  c irc u la tio n  re tu rn e d . T h e  a n im a ls  in  th e  

c o n tro l, lip id  o n ly  g ro u p  w ere  g iv en  h igh  d o se  e p in e p h r in e  tre a tm en t a f te r  th e  15 m in u te  

re su sc ita tio n  p h a se  a n d  w ere  m o n ito re d  fo r 20  m inu te s . R e su lts  sh ow ed  e p in e p h r in e ’s c a p a b il i ty  

o f  a t ta in in g  re tu rn  o f  s p o n ta n e ou s  c irc u la tio n  a t im m ed ia te  a n d  h ig h  do se s . T h e  c o rre la tio n  o f  

re tu rn  o f  s p o n ta n e ou s  c irc u la tio n  a n d  e p in e ph rin e  a dm in is tra tio n  w as  fu r th e r  e v id e n t in  

c irc u la to ry  r e c o v e ry  a f te r  la te  h igh  d o se  e p in e p h r in e  a dm in is tra tio n  in th e  m o d e ls  in itia l ly  tre a te d  

w ith  l ip id s  a lone . H ow ev e r , a n im a ls  tre a te d  w ith  e p in e p h r in e  su b se q u e n tly  d em on s tra te d  

h em o d yn am ic  m ea su rem en ts  th re a te n in g  su rv iv a l. W herea s , l ip id  em u ls io n  a lo n e  re su lte d  in  a  

less  ra p id  re tu rn  o f  c ircu la to ry  fu n c tio n  b u t su s ta in e d  v iab ility . T h e  a s so c ia tio n  b e tw ee n  th e  

e p in e p h r in e  re sp o n se  and  c om p rom ise d  o u tcom es  in  the  e x p e r im en ta l a n im a ls  re c e iv ing  

v a so ac tiv e  m ed ic a tio n  p ro v id e s  lab o ra to ry  d a ta  su p p o rtin g  re te n tio n  o f  e p in e p h r in e  u se . W ith  the  

c o n c lu s io n  o f  th is  re s e a rch , th e  a u th o rs  su gg es t  c o n d u c tin g  fu r th e r  s tud ies  to  b e tte r  d e f in e  th e  

ro le  o f  e p in ep h r in e  in  l ip id  em u ls io n  th e rap y  (H a rv e y , C av e , P rin c e , &  L ah n e r, 2 010 ).

T h e  AANA Journal re c en tly  p u b lish ed  a  s tu d y  th a t  e v a lu a te d  th e  e ffe c tiv e n e s s  o f  

c om b in ed  lip id  em u ls io n  and  a d v an ced  c a rd iac  life  su p p o r t (A C L S )  fo llow in g  LA ST  and  

h y p o x ia  in d u ced  c a rd io v a sc u la r  c o llap se  in  u n a n e s th e tiz e d  sw in e . T w en ty  fo u r  sw in e  w e re  

o b se rv e d  fo llow in g  a dm in is tra tio n  o f  le th a l d o se s  o f  b u p iv ac a in e  in  c o n ju n c tio n  w ith  m ec h an ic a l 

a irw ay  o b s tru c tio n  w ith  a  p e riod  o f  h y p ox ia . F o llow in g  c om p le te  c a rd io v a sc u la r  c o llap se , A C L S  

w as  in it ia te d  and  th e  a n im a ls  w e re  ran d om iz ed  to  re c e iv e  e ith e r  2 0%  lip id  em u ls io n  o r  sa lin e .

T h e  l ip id  em u ls io n  o r  sa lin e  w as  a dm in is te re d  a s  a  b o lu s  in je c tio n  o f  4  m L /k g  o v e r  2 m in u te s , 

fo llow ed  by  a  c o n tin u o u s  in fu s ion  w ith  co n cu rren t A C L S  re su sc ita tio n . R e su sc ita t io n  e f fo r ts
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c o n tin u ed  u n til re tu rn  o f  s p o n ta n eo u s  c irc u la tio n  o r  fo r  25 m inu te s . H em ody n am ic  v a riab le s  

su g g e s tiv e  o f  v iab il ity  w e re  com p a red , as w e ll a s  th e  p e riod  o f  t im e  req u ire d  to  a ch iev e  re tu rn  o f  

s p o n tan eo u s  c ircu la tio n . T h e  resu lts  o f  th is  s tu dy  fa iled  to  d em o n s tra te  the  e ffe c tiv e n e s s  o f  l ip id  

em u ls io n  the rapy  in  a  c om b in e d  b u p iv ac a in e  and  h y p o x ia  in d u ce d  c a rd io v a scu la r  c o llap se  in  an  

aw ak e , u n an e s th e tiz ed  sw in e  m ode l (B u sh e y , A u ld , V o lk , &  V a cc h ia n o , 2 011 ).

T h is  u n iqu e  s tu d y  c om b in ed  2 d is t in c tiv e  c r i te r ia  from  p re v io u s  an im al d a ta :  b u p iv ac a in e  

to x ic ity  in  an  u n an e s th e tiz e d  an im a l su b je c t  fu r th e r  e x ac e rb a te d  w ith  a  p e rio d  o f  h y p o x ia . T h is  

d e s ign  w a s  s ig n if ic an t in  g a in ing  p e rsp e c tiv e  o f  a  c lin ic a l sc en a rio  in v o lv ing  an  aw ak e  p a tien t  

re c e iv in g  a  m a jo r  p le x u s  b lo ck  w ho  e x p e r ien c e s  re sp ira to ry  an d  c a rd ia c  c om p rom ise  s e co n d a ry  

to  in ad v e r te n t in tra v a scu la r  in je c tio n  o f  loca l a n e s th e tic  (B u sh ey , A u ld , V o lk , &  V a cc h ian o , 

2 011 ). R e se a rch  d a ta  re la y s  c o n f lic t in g  an im a l s tu d ie s  re g a rd in g  th e  e ff ic acy  o f  l ip id  em u ls io n  

th e rapy . L ab o ra to ry  re s e a rc h  c o n tin u e s  to  be  c o n d u c te d  to  b e tte r  d e fin e  th e  tre a tm en t g u id e lin e s  

fo r  l ip id  em u ls io n  th e rap y .

A p p ro x im a te ly  e ig h t y e a rs  a f te r  th e  firs t a n im a l m ode l o f  l ip id  rescu e  w a s  d o c um en ted , 

the  f ir s t  c ase  rep o r t d e ta il in g  a  su cce ss fu l  re scu e  u s in g  l ip id  em u ls io n  in  a  p a tien t  w ith  LA ST  w a s  

p ub lish ed . T h is  c lin ica l tran s la tio n  w a s  v e ry  su g g e s tiv e  o f  the  re p o r te d  o b se rv a tio n s  in  an im a l 

e x p e r im en ts , th e reb y  g a in in g  s ig n if ic an t g ro und  in  th e  a cc ep tan c e  o f  l ip id s  as an  a n tid o te  fo r  

loca l a n es th e tic  to x ic ity . R o se nb la tt  a n d  c o lle ag u es  p u b lish ed  th e  f ir s t case  rep o r t d e ta il in g  th e  

su cce ss fu l  re su sc ita tio n  o f  loca l a n e s th e tic  to x ic ity  u s in g  in tra v e n o u s  l ip id  em u ls io n  th e rap y  

(R o se n b la tt  e t a l., 2 0 0 6 ) . T h is  h um an  c ase  rep o r t in v o lv e d  a  58 y e a r -o ld  m a le  w h o  d e v e lo p ed  

n eu ro lo g ic a l and  c a rd io v a sc u la r  s ym p tom s , u lt im a te ly  le ad in g  to  p ro lo n g ed  c a rd ia c  a rre s t 

im m ed ia te ly  fo llow in g  th e  p la c em en t o f  an  in te rsc a len e  b lo ck  w ith  b u p iv ac a in e  an d  

m ep iv ac a in e . A f te r  a p p ro p r ia te ly  id en tify in g  th e  b ra c h ia l  p lex u s  u s in g  the  n e rv e  s tim u la to r
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tec h n iq u e , in je c tio n  o f  4 0  raL  loca l a n e s th e tic  so lu tio n  (20  m L , 0 .5%  b u p iv ac a in e  a n d  20  m L ,

1 .5%  m ep iv ac a in e )  in  5 m L  in c rem en ts  to o k  p lace  w ith o u t a sp ira tio n  o f  b lood , re p o r t  o f  p a in , o r  

p a ra s th e s ia . T h e  p a tien t  w a s  aw ak e  and  a le r t th ro u g h o u t the  p ro ce du re ;  h ow ev e r , a p p ro x im a te ly  

30  se co n d s  a f te r  rem o v in g  th e  s tim u la to r n e ed le  th e  p a tie n t  b e cam e  in co h e ren t an d  d e v e lo p e d  a  

to n ic -c lo n ic  se izu re . Im m ed ia te  re su sc ita tio n  u s in g  A C L S  fa iled . A d d itio n a lly , p ro p o fo l w as  

a dm in is te re d  th ro u g ho u t in it ia l  re su sc ita tio n  e ffo r ts  w ith o u t c lin ica l  re spo n se . A p p ro x im a te ly  20  

m inu te s  a f te r  th e  on se t o f  c a rd io v a scu la r  co llap se , a  2 0%  lip id  em u ls io n  b o lu s  w a s  a dm in is te re d  

and  p re p a ra tio n  fo r c a rd io p u lm o n a ry  b y p a s s  w as  u n d e rw ay . W ith in  15 second s , th e  c a rd iac  

rh y thm  w a s  re s to re d  to  n o rm a l s inu s  rh y thm  and  h em o d yn am ic  s ta b il i ty  w a s  a ch iev e d . A  l ip id  

in fu s io n  w as  s ta rted  and  c o n tin u ed  fo r  2 h o u rs  in  d u ra tio n . T he  p a tie n t  re c o v e red  w ith o u t 

n eu ro lo g ic a l d e f ic its  o r  a d v e rs e  e ffec ts  f rom  lip id  in fu s io n  th e rapy . T h e  fav o rab le  o u tcom e  in 

th is  e v en t b u i l t  th e  c o rn e rs to n e  fo r l ip id  em u ls io n  as a  p o ten tia l  th e ra p e u tic  m od a lity .

D r. R o se n b la tt  a n d  co lle a g u e s  rep o r te d  case  d em o n s tra te d  th e  c lin ica l e f f ic ac y  o f  lip id  

re s cu e , w h ile  le a v ing  som e  q u e s tio n s  u n a n sw e red . D r. W e in b e rg  w ro te  an  ed ito r ia l  re v iew  

c om m en tin g  o n  th e  a p p lic a tio n  o f  l ip id  em u ls io n  th e ra p y  in  th e  a b o v e  c ase  scen a rio . A lth o u g h  it 

w a s  re c o g n iz e d  th a t re s e a rc h  s till be  c o n d u c te d  to  d e te rm in e  the  o p tim a l d o se , ra te , d u ra tio n  o f  

in fu s io n , a n d  u pp e r sa fe ty  d o s in g  lim it, h e  em p ha s iz ed  th e  im p o r tan ce  o f  R o se nb la tt  a n d  h e r 

te am  in  p ro v id in g  e v id e n ce  in  su p p o r t o f  l ip id  em u ls io n  u se . H e  fu r th e r  c om m en ta ted  on  the  

im p o rtan c e  o f  h av in g  2 0%  lip id  em u ls io n  re a d ily  a v a ila b le  fo r  u se  in  a ll o p e ra tin g  ro om s, 

reg io n a l a n e s th e s ia  b lo ck  ro om s, o b s te tric  u n its , a n d  o th e r  su rg ica l s u ite s  w h e re  lo c a l  a n e s th e tic s  

a re  a dm in is te re d  (W e in b e rg , 2 006 ).

T h is  in it ia l  case  re p o r t  sp a rk ed  p u b lic a tio n  o f  c a s e s  d e ta il in g  ra p id  rec ov e ry  o f  p a tien ts  

p re s e n tin g  w ith  LA ST . A  re p o r t  o f  an  e ld e r ly  fem a le  w h o  in a d v e rten tly  rec e iv e d  4 0  m L  1%
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ro p iv a c a in e  fo r  a  b ra c h ia l  p le x u s  b lo ck  so o n  ap p ea re d  a f te r  th e  firs t p u b lish ed  case . F if te e n  

m in u te s  a f te r  in je c tio n , th e  p a tie n t  c om p la in e d  o f  d iz z in e ss  a n d  d row s in e ss  w h ich  p ro g re s s ed  

in to  a  g e n e ra liz e d  to n ic -c lo n ic  se izu re , fo llow ed  by  c a rd ia c  a rre s t . A f te r  10 m inu te s  o f  

u n su c c e s s fu l c a rd io p u lm o n a ry  re su sc ita t io n  e ffo r ts , a  2 0  %  lip id  em u ls io n  in fu s ion  w a s  in je c ted  

a s  a  b o lu s  fo llow ed  by  a  c o n tin u o u s  d rip . E le c tr ic a l a c tiv ity  w a s  re s to red  a f te r  a  to ta l d o se  o f  200  

m L . T h e  p a tie n t  w a s  tra n s fe r re d  to  th e  in te n s iv e  c a re  u n it a n d  e x tu b a ted  sh o rtly  a fte r. T h e  p a tien t  

w a s  d is c h a rg e d  h om e  a f te r  4  d a y s  w ith o u t n e g a tiv e  s eq u e lae . U pon  fu r th e r  rev iew  o f  th is  

sc en a rio , it w a s  rep o rte d  th a t th e  in c id en t o c cu rre d  due  to  a  m isu n d e rs ta n d in g  b e tw een  th e  

a n e s th e s io lo g is t  and  the  n u rse  a n e s th e tis t  a s  1 %  ro p iv ac a in e  w as  in je c ted  in s tead  o f  4 0  m L  o f  

0 .5  %  ro p iv a c a in e . T he  c a rd io v a sc u la r  c o lla p se  d e sc r ib e d  w a s  a ttr ib u ted  to  ro p iv ac a in e  

a b so rp tio n  fo llow in g  a cc id e n ta l  o v e rd o se . T h e  c a s e  n o t o n ly  re ite ra ted  th e  im po r tan c e  o f  

e f fe c tiv e  c om m un ic a tio n , it a ls o  p ro v id ed  e v id e n c e  to  c o n s id e r  lip id  in fu s io n  in c a se s  o f  lo ca l 

a n e s th e tic  to x ic ity  w h en  c o n v en tio n a l re su sc ita t io n  h a s  b e e n  u n su c ce s s fu l (L itz , P opp , S teh r, &  

K o ck , 2 006 ).

A n  in te re s tin g  case  re p o r t ,  p u b lish ed  in  2 0 07 , d e s c r ib e d  a  75 y e a r  o ld  fem a le  w ho  

re c e iv e d  le v o b u p iv a c a in e  fo r  su rg ica l  re p a ir  o f  a  f ra c tu red  fem u r  n eck . F o x a ll,  M cC aho n , L am b , 

H a rdm an , &  B ed fo rd  (20 0 7 ) , d e s c r ib e d  a  c a se  in  w h ich  a  lum b a r  p lex u s  b lo c k  w as  p la c e d  a fte r  

sev e ra l  u n su c ce s s fu l  a ttem p ts  a t  p la c in g  a  su b a rac h n o id  b lo ck . T he  lum b a r  p lex u s  b lo c k  w as  

p e rfo rm ed  u s in g  2 0  m L  to ta l  o f  le v o b u p iv a c a in e  0 .5%  in je c te d  s low ly  in to  th e  p so a s  m u sc le  a fte r  

sev e ra l  n e g a tiv e  a sp ira tio n s . S ec on d s  fo llow in g  a dm in is tra tio n  o f  th e  lo ca l  a n e s th e tic , th e  p a tien t  

w a s  u n re sp o n s iv e , e x p e r ie n c ed  a  to n ic -c lo n ic  se izu res , a n d  w id e n in g  Q R S  c om p lex  w ith  a  

p a lp a b le  c a ro tid  p u lse . T h e  p a tie n t ’s a irw ay  w a s  m an ag ed  a n d  se cu red  w i th  e nd o tra ch e a l tu b e  

in tu b a tio n . W ith in  4  m inu te s  o f  th e  le v o b u p iv a c a in e  in je c tio n , she  re c e iv e d  100 m L  o f  2 0%  lip id
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em u ls io n  b o lu s  o v e r  5 m in u te s . D u r in g  th e  l ip id  in fu s io n  b o lu s , h e r  e le c tro c a rd io g ram  

m o rp h o lo g y  n o rm a liz e d  w ith  re tu rn  o f  a  s tab le  a rte r ia l b lo o d  p re s su re  an d  h e a r t  ra te . 10 m in u te s  

fo llow ing  a dm in is tra tio n  o f  th e  l ip id  em u ls io n  b o lu s , th e  p a tie n t  p ro c e e d e d  w ith  th e  su rg ica l  

p ro ce du re . T h e  p a tie n t  h a d  an  u n e v en tfu l  p o s to p e ra tiv e  re c o v e ry  p h a se  an d  reg a in ed  

c o n sc io u sn e s s  a f te r  th e  tw o  h o u r  su rg ic a l  p ro ce d u re .

F o x a ll  e t a l. (2 0 0 7 )  rep o r te d  th e  f irs t  c a s e  rep o r t  o f  th e  su c ce ss fu l  u se  o f  l ip id  em u ls io n  in  

s i tu a tio n  w h e re  a  p a tie n t  re c e iv e d  th e  b o lu s  to  rev e rs e  lo ca l a n e s th e tic  to x ic ity  th a t had  n o t 

p ro g re s se d  to  c a rd ia c  a rre s t . P r io r  h um an  c ase  re p o r ts  d em o n s tra te d  th e  im p o r tan c e  in  in itia t in g  a 

lip id  em u ls io n  in fu s io n  on ly  a f te r  u n su c c e s s fu l  re su sc ita t io n  m ea su re s . A lth o u g h  it is  im po s s ib le  

to  p re d ic t  w h e th e r  th e  p a tie n t’s o u tc om e  w ou ld  b e  u n c h a n g e d  i f  in tra v e n o u s  l ip id  em u ls io n  

th e ra p y  h a d n ’t b e en  in it ia te d  u n til  c a rd io v a sc u la r  c o llap se  o c c u rred , th is  c a s e  rep o r t p ro v id e s  

b en e f ic ia l  e v id en ce  to  c lin ic ian s  to  u se  l ip id s  in  a  n e a r  c a rd ia c -a r re s t  s i tu a tio n .

In  2 008 , Anesthesia & Analgesia p u b lish e d  th e  f irs t  c a s e  rep o r t  o f  l ip id  re s cu e  th e ra p y  in  

a  ch ild . L u d o t, T h a r in , B e lo u a d a h , M a zo it , &  M a lin o v sk y  (2 0 08 )  re la y ed  e v en ts  o f  a  13 y e a r  o ld  

ch ild  s c h e d u led  fo r  k n e e  su rg e ry  w i th  p la c em en t o f  a  p o s te r io r  lum b a r  p le x u s  b lo c k  u nd e r  

g en e ra l  a n e s th e s ia . A f te r  an  u n c om p lic a te d  a n e s th e tic  in d u c tio n , th e  p o s te r io r  lum b a r p lex u s  

b lo ck  w a s  a ch iev ed  u s in g  a  20  m L  to ta l  v o lum e  o f  m ix tu re  c o n ta in in g  e q u a l am ou n ts  o f  1%  

lid o ca in e  w ith  ad d ed  e p in e p h r in e  1 :2 00 ,0 00  a n d  0 .7 5%  ro p iv ac a in e . V ita l  s ig n s  rem a in e d  

u n c h an g e d  th ro u g h ou t a dm in is tra tio n  and  th e  so lu tio n  w as  a dm in is te re d  in  d iv id e d  d o se s  o f  3 

m L  a f te r  n eg a tiv e  a sp ira tio n . A  v e n tr ic u la r  a r rh y thm ia  o c cu rre d  15 m in u te s  a f te r  th e  end  

in je c tio n  o f  th e  lo ca l  a n e s th e tic  m ix tu re . H e r  b lo o d  p re s su re  rem a in e d  s ta b le , e n d -tid a l  c a rb o n  

d io x id e  u n c h a ng ed , a n d  h e r  a rte r ia l o x y g e n  s a tu ra tio n  d e c re a s e d  to  92% . T h e  a n e s th e s ia  

p ra c ti t io n e r  q u ick ly  su sp ec ted  lo c a l  a n es th e tic  to x ic ity  and  2 0%  lip id  em u ls io n  w a s  rap id ly
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in je c ted  o v e r  3 m inu tes . W ith in  2 m in u te s  h e r  e le c tro c a rd io g ram  re tu rn e d  to  n o rm a l c om p lex  

Q RS  w ith  n o te d  ST  d ep re ss io n , w h ich  p e rs is ted  fo r  a p p ro x im a te ly  30  m inu te s . T h e  c lin ic ian s  

e le c ted  n o t to  in it ia te  an  in fu s io n  du e  to  h e r  h em o d y n am ic  s tab il ity .

N o t o n ly  d id  th is  c ase  p rov id e  c lin ic a l  e v id e n ce  o f  th e  e f fe c tiv e n e s s  o f  l ip id  em u ls io n  

in fu s ion  fo r  L A ST  in  th e  p e d ia tr ic  p a tie n t  p o p u la tio n , it a lso  g a in ed  p re c ed e n c e  fo r  th e  th eo ry  

su gg e s tin g  o n e  fo rm u la tio n  o f  lip id  em u ls io n  su p e r io r  o v e r  an o th e r . In  th is  p a r t ic u la r  sc en a rio , a  

p e d ia tric  2 0%  lip id  em u ls io n  ro u tin e ly  u se d  fo r  in tra v e n o u s  n u tr it io n  o f  p e d ia tr ic  p a tie n ts  w a s  

u sed . T h e  l ip id  fo rm u la tio n  d e sc r ib ed  in  p rev io u s  h um an  c ase  re p o r ts  d iffe red  f rom  th is  u n iq u e  

case , th e re fo re  su gg e s tin g  e f fe c tiv en e ss  am o n g  a  v a r ie ty  o f  p rep a ra tio n s .

T h e  o n ly  o b s te tr ic  c a s e  p u b lish ed  to  d a te  o f  a  p a r tu r ie n t re c e iv in g  l ip id  rev e rs a l  fo r  

b u p iv ac a in e  to x ic ity  w as  rep o r ted  in  2 0 0 7  by  A n d rew  G . S p en ce . A n  18 y ea r  o ld  p r im ag rav id a , 

p re s en tin g  a t 38  w eek s  g e s ta tio n , re c e iv e d  lip id  em u ls io n  th e rap y  fo r  s ig n s  and  sym p tom s  

su g g e s tiv e  o f  LA ST . E p id u ra l  a n e s th e s ia  w a s  req u e s te d  and  w as  p e r fo rm ed  in  th e  s i tting  

p o s it io n , a t  th e  L 1 -L 2  in te rsp a ce  u til iz in g  th e  lo ss  o f  re s is ta n c e  to  s a lin e  te ch n iq u e . T h e  p a tie n t  

re c e iv e d  a  4 m L  lid o ca in e  2%  te s t  d o se  w i th  n e g a tiv e  re sp o n se  fo r  in tra v e n o u s  o r  sp in a l e ffe c ts  

a fte r  5 m in u te s . A n  in it ia l  b o lu s  in je c tio n  o f  b u p iv ac a in e  0 .2 5%  w a s  g iv en  w ith  g o o d  p a in  r e l ie f  

w ith in  10 m in u te s . T he  ep id u ra l  c a th e te r  w a s  la te r  in je c te d  w ith  100 p g  fen tan y l a n d  10 m L  o f  

b u p iv ac a in e  0 .5%  in  a n tic ip a tio n  o f  c e s a re an  d e liv e ry . T h e  p a tie n t  re sp o n d ed  w ith  a g ita t io n , 

re s tle ssn e ss , a n d  e v en tu a lly  b e cam e  u n re sp o n s iv e  w ith  n o ted  tw itc h in g  o f  h e r  fa c e  and  

ex trem itie s . T h e  p ra c tit io n e r  a g a in  a sp ira te d  th e  e p id u ra l  c a th e te r , re v e a lin g  o b v io u s  v en o u s  

b loo d  and  c o n f irm in g  in ad v e r te n t in tra v a sc u la r  in je c tio n  o f  b u p iv ac a in e . T w o  lip id  em u ls io n  

th e rap y  b o lu se s  o f  50  m L  2 0%  lip id , w e re  in it ia ted  in  a  t im e ly  re sp o n se , w ith  r e tu rn  o f  

c o n sc io u sn e s s  w ith in  30  second s . T h e  rem a in in g  4 0 0  m L  o f  l ip id  in fu s io n  w a s  a dm in is te re d  and
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an  em e rg en cy  c e s a re an  d e liv e ry  w as  p e r fo rm ed  u n d e r g e n e ra l  a n e s th e s ia . T he  n e o n a te  and  

m o th e r  w e re  d isc h a rg ed  h om e  w ith o u t fu r th e r  c om p lic a tio n s . T h is  rep o r t p rov id e s  b o th  c lin ica l  

e v id e n ce  and  re a f firm a tio n  in  th e  p ro p o se d  c lin ic a l e ff ic a cy  o f  lip id  em u ls io n  th e rap y , a s  loca l 

a n e s th e tic  to x ic ity  in  p reg n an cy  rem a in s  a  c ri t ic a l  issue  (S p en ce , 2 007 ).

It h a s  b e e n  p ro p o se d  th a t  w ith  th e  em e rg in g  te c h n o lo g ie s  o f  u ltra so u n d  g u id ed  reg ion a l 

a n e s th e s ia  a d e c re a s e  in  th e  o v e ra ll  in c id en c e  o f  loca l a n e s th e tic  to x ic ity  w ill  o ccu r. T h e  u se  o f  

u ltra so un d  h a s  th e  p o ten tia l  to  p rov id e  a  m o re  p rec ise  lo ca l a n es th e tic  d e p o s it io n  a t th e  n eu ra l 

ta rg e t, u lt im a te ly  le a d ing  to  a  d e c rea se d  re q u ire d  d o se  o f  d ru g . H ow ev e r, e v id e n ce  is  

in co n c lu s iv e  in d e te rm in in g  a  red u c tio n  in  lo ca l a n e s th e tic  to x ic ity  w h en  u ltra so u n d  g u id a n c e  fo r 

reg ion a l a n e s th e s ia  is em p lo y ed  (D illan e  &  T su i, 2 010 ). In  fac t, rec en t re s e a rch  h a s  b e e n  

c o n du c ted  and  re la y ed  th a t  u ltra so u n d  g u id a n c e  m ay  red u ce , b u t no t e l im in a te  th e  m o s t com m on  

c om p lic a tio n s  a sso c ia ted  w ith  reg ion a l a n es th e s ia :  b lood  v e sse l p u n c tu re , in ad v e rten t 

in tra v a sc u la r  in je c tio n , o r  in tra n eu ra l  in je c tio n  o f  loca l a n e s th e tic  (H ad z ic , S a lla -B lan ch , &  X u, 

2 008 ).

C ase  s tu d ie s  h av e  b e e n  p u b lish ed  sp e c if ic a lly  su r ro u n d in g  a d v e rse  e v en ts  o f  v a s c u la r  

p u n c tu re  o c cu rr in g  u n d e r  u ltra so u n d  g u id ed  reg ion a l a n e s th e s ia  b lo ck ad e . A  82 y e a r  o ld  w om en  

s ch ed u led  fo r an  e x c is io n  o f  to e  o s te o p h y to s is  e x p e rien c ed  c a rd ia c  a r re s t d u r in g  a  c om b in ed  

u ltra so u nd  g u id e d  and  n e rv e  s t im u la tio n  s c ia tic  n e rv e  b lo ck . T he  c lin ic ian  p e rfo rm in g  th e  b lo ck  

d o cum en ted  u ltra so u nd  g u id an c e  v isu a liz a tio n  o f  th e  m a in  lan dm a rk s  a s  w e ll a s  o b se rv in g  an  

a p p ro p r ia te  n e u ro s tim u la tio n  re sp on se . F o llow in g  m u ltip le  n eg a tiv e  a sp ira tio n  te s ts , 2 0  m L  0 .5%  

ro p iv ac a in e  a n d  50  p g  c lo n id in e  w e re  in je c te d  o v e r a p p ro x im a te ly  90  s e co nd s . W ith in  se co n d s  

o f  in je c tio n , th e  p a tie n t  b e c am e  u n co n sc io u s  an d  e x p e r ien c ed  a  to n ic  c lo n ic  se izu re . H e r  a irw ay  

w a s  im m ed ia te ly  s ecu red  a n d  th e  se izu re  w a s  s topp ed  w ith  th e  a dm in is tra tio n  o f  th io p e n ta l  and
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su x am e th o n ium . O n e  m inu te  fo llow in g  th e  s e iz u re  a c tiv ity , v e n tr ic u la r  f ib r i l la t io n  o c cu rre d  and  

c h e s t  c om p re s s io n s  w e re  in itia ted . T w o  d e f ib r i l la t io n s  w e re  req u ired  to  re tu rn  to  the  p a tie n t’s 

in it ia l  rhy thm  o f  a tr ia l  f ib ri lla t io n  and  o b ta in  h em o d yn am ic  s tab il ity . A m io d o ro n e  and  a  2 0%  

lip id  em u ls io n  in fu s io n  w e re  a dm in is te red  u p o n  tra n s fe r  to  th e  in ten s iv e  c a re  un it. T h e  p a tie n t  

h ad  an  u n ev en tfu l  re c ov e ry  and  w a s  d isc h a rg ed  w ith o u t n e g a tiv e  n e u ro lo g ic  sequ e lae  (G n aho , 

E y r ie u x , &  G en til i,  2 009 ).

G naho  and  c o lle ag u e s  (2 0 0 9 )  p o s tu la te d  a c c id e n ta l  in tra v a sc u la r  in je c tio n  a s so c ia te d  w ith  

n e rv e  s t im u la tio n  and  p a tien t  m o to r  m o vem en t. A d d itio n a lly , th e y  su g g e s ted  th e  p o s s ib il i ty  o f  

th e  u ltra so un d  p ro b e  c om p re s s in g  th e  v a sc u la r  s tru c tu re s  c a u s in g  an  o b s tru c te d  v iew  o f  an  

in tra v a scu la r  p la c em en t o f  th e  in su la ted  n eed le . A lth o u gh  a  c le a r  u n d e rs ta n d in g  o f  w ha t th e  ex ac t 

fa u lt  in  tec hn iqu e  m ay  h av e  b een  w a s  n o t e s ta b lish e d  from  th is  c a se  s tudy , it  p ro v id e s  fu r th e r  

e v id e n c e  o f  th e  b en e f ic ia l  e ffe c ts  o f  lip id  em u ls io n  th e rap y  a s  tre a tm en t fo r  L A ST .

A m ong s t c a s e  rep o r ts  o f  su cce ss fu l  u se  o f  l ip id  em u ls io n  th e rap y  in  re su sc ita tio n  fo r  loca l 

a n e s th e tic  s y s tem ic  to x ic ity , in e ffe c tiv en e s s  o f  l ip id  in fu s io n  a dm in is tra tio n  h a s  b een  p u b lish e d . 

A  51 y ea r  o ld  fem a le , 57  kg , p lan n e d  fo r le f t h a llu x  v a lg u s  su rg e ry  u n d e r  a n  u ltra so un d  g u id ed  

sc ia tic  n e rv e  b lo c k  su f fe red  from  n eu ro lo g ica l sym p tom s  a f te r  in je c tio n  o f  30  m L  o f  a  5 0 /5 0  

m ix tu re  o f  l id o ca in e  20  m g  m L  and  ro p iv ac a in e  7 .5  m g  m L  so lu tio n . F iv e  m in u te s  la te r , a  

s a p h en o u s  n e rv e  b lo c k  w a s  a ch iev e d  by  a dm in is te r in g  100 m g  o f  l id o ca in e . A v e lin e , C o g n e t and  

B o n n e t (2010 ) rep o r t  th e  p a tien t e xp e r ien c ed  a g ita tio n , c o n fu s io n , and  je rk in g  m ov em en ts  th ir ty  

m in u te s  a fte r  th e  sc ia tic  n e rv e  b lo ck  in je c tio n  (A v e lin e , G o g n e t, &  B onn e t, 2 0 10 ).

C a rd io v a sc u la r  c o llap se  d id  n o t o ccu r;  h ow ev e r, tw o  m in u te s  fo llow in g  t im e ly  a dm in is tra tio n  o f  

100 m L  lip id  em u ls io n  b o lu s , th e  p a tien t  rem a in e d  u n re sp o n s iv e  w ith  p e rs is t in g  je rk y  

m o v em en ts . A  se co n d  b o lu s  w a s  a dm in is te re d  w ith o u t a p p a re n t c h an g e  in  p a tie n t  s ta tu s . E le c tiv e
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tra c h ea l in tu b a tio n  w a s  p e rfo rm ed  w ith  th io p en ta l  a n d  su x am e th on ium  and  im m ed ia te  

im p ro v em en t o f  n e u ro lo g ica l  sym p tom s  re su lted . T h e  p a tien t  u n d e rw en t e x te n s iv e  m e tab o lic  an d  

e le c tro ly te  e v a lu a tio n s , a s  w e ll as a  th o ro u g h  n e u ro lo g ica l  e x am in a tio n ; f in d in g s  w e re  c o n c lu d ed  

to  b e  n o rm a l.

U n iq u e  c o n s id e ra tio n s  a rise  w ith  the  d o c um en ta tio n  o f  th is  c a se  rep o r t.  It d e sc r ib e s  an  

in c id en c e  o f  u n su c ce s s fu l  rev e rsa l  o f  L A ST  w ith  l ip id  th e rapy , a s  w e ll as a d d re s se s  the  u se  o f  

u ltra so u n d  g u id an c e  w ith  re su ltin g  to x ic ity . D is c u s s io n  p ro v id ed  by  th e  c lin ic ian s  h y p o th e s iz ed  

the  in e ffe c tiv e  u se  o f  l ip id  em u ls io n  th e rap y  in  rev e rs a l  o f  l id o c a in e  in d u ced  to x ic ity  a s l id o c a in e  

is le s s  l ip id  so lub le  th a n  rop iv ic a in e  o r  b u p iv ac a in e . T h e  p a tie n t’s cu r re n t m ed ica l  reg im en  w a s  

a lso  d isc u s s e d  as sh e  w a s  tak ing  c a rb am az ep in e  fo r  tre a tm en t o f  tr ig em in a l n e u ra lg ia . T h ey  

c o n c lu d ed  w ith  re com m en d a tio n s  o f  in s titu tin g  l ip id  em u ls io n  th e ra p y  o n ly  in  an  ev en t w h e re  

l ip id -so lu b le  loca l a n e s th e tic  in to x ic a tio n  o ccu rs .

A n  ed ito r ia l  in  re sp o n se  to  A v e lin e  e t al. (2 0 1 0 )  w a s  p u b lish e d  in  th e  European Journal 

of Anaesthesiology in  2 0 1 1 . U n d o u b ted ly  b o th  a u th o rs  a g re ed  th a t  th e  p a tie n t  e xh ib ited  

sym p tom o lo g y  su g g e s tiv e  o f  LA ST , h ow ev e r  sp e cu la tio n s  o f  th e  in e f fe c tiv e  re su lt  o f  l ip id  

em u ls io n  th e ra p y  d if fe re d . U n c les , W ille rs , S am u e ls , &  C h ak la d e r (2011 ) a ck n ow le d g ed  th e  

t im e ly  re c o g n it io n  and  a c c u ra te  d ia g n o s is  o f  L A ST , b u t s u g g e s ted  p o ss ib le  e x p la n a tio n s  fo r  th e  

fa ilu re  o f  l ip id  tre a tm en t in  th e  c ase  rep o r t.  C a lc u la tio n  o f  th e  c um u la tiv e  a dm in is te re d  d o se  o f  

l id o c a in e  in je c ted  w ith  th e  c om b in a tio n  sc ia tic  an d  sap h en ou s  n e rv e  b lo ck  o v e rc om e s  the  

re c om m en d ed  m ax im um  d o se  o f  p la in  lid o ca in e  w i th  a  to ta l o f  7 .02  m g /kg . C e n tra l n e rv o u s  

sy s tem  s ig n s  o f  L A ST  m ay  be  e x p la in e d  by  b o th  th e  sy s tem ic  a b so rp tio n  o f  th e  in c rea s ed  d o s in g  

reg im en , a s  w e ll a s th e  ad d itiv e  e f fe c t  o f  th e  ro p iv a c a in e  c om po n en t in  th e  m ix tu re  (U nc le s , 

W ille rs , S am ue ls , &  C h ak lad e r , 2 0 11 ). T he  e d ito r ia l  fu r th e r  d is c u s se d  th e  p o s s ib il i ty  o f  d ru g
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in te rfe ren ce  a n d  p ro te in  b in d in g  in  re la tio n  to  th e  c om b in ed  a dm in is tra tio n  o f  c a rb am a ze p in e , 

l id o ca in e , a n d  ro p iv a c a in e . D ue  to  th e  r isk  o f  c om p e tit io n  fo r p ro te in  b in d in g  s i te s  leav in g  a 

h ig h e r  am o u n t o f  free , u n b o u n d  lo ca l a n e s th e tic , a  la rg e r  v o lum e  o f  l ip id  em u ls io n  

a dm in is tra tio n  m ay  h av e  b een  n ece ssa ry .

Discussion

L oca l a n es th e tic  to x ic ity  and  l ip id  rescu e  re su sc ita t io n  rem a in s  o n  th e  fo re f ro n t o f  

d is c u ss io n  su r ro u n d in g  a n e s th e s ia  c l in ic a l  p rac tic e . In tra v a sc u la r  in je c tio n  o f  lo ca l a n e s th e tic s  

rem a in s  a  m a jo r  r isk  o f  re g io n a l a n e s th e s ia  and  p e r ip h e ra l  n e rv e  b lo ck s  e v en  c o n s id e r in g  the  

em e rg in g  te c h n o lo g ic a l  a d v an c e s  o f  u ltra so u n d  g u id a n c e . A n im a l s tu d ie s , o n g o in g  c lin ica l 

re s ea rch , a n d  c ase  re p o r ts  h av e  d em o n s tra te d  th e  e ffe c tiv e n e s s  o f  l ip id  in fu s io n  in  trea tin g  

c a rd io v a sc u la r  c o llap se  d u e  to  LA ST . W ith  th e  in c re a s in g  u se  o f  lo ca l a n e s th e tic s  in  

p e r io p e ra tiv e  reg ion a l a n e s th e s ia  an d  la b o r  su ite s , a n e s th e s ia  p ro v id e rs  w ho  d e liv e r  p o ten tia l ly  

d an g e ro u s  d o se s  o f  lo ca l a n e s th e tic s  m u s t be  ab le  to  rap id ly  rec o g n ize  an d  e f fe c tiv e ly  m an ag e  

L A ST  in  o rd e r  to  fa c ili ta te  reco v e ry .

Interpretation

A lth o u g h  p rom is in g  an im a l re s e a rc h  c o n d u c te d  in  the  1990s and  th e  f irs t  h um an  case  

rep o r ts  o f  l ip id  re s cu e  em e rg e d  in  th e  m id -2 0 0 0 s , th e  a p p ro p r ia te  m an a g em en t an d  tec h n iq u e  o f  

re su sc ita t io n  rem a in s  an  e v o lv in g  top ic . D isc u ss io n  c o n tin u e s  su r ro u n d in g  the  m ec h an ism  o f  

a c tio n  in  l ip id  re su sc ita t io n  as w e ll as v a ria tio n s  in  m e th o d s  fo r tre a tin g  LA ST . H ow ev e r, th e  

e v id e n ce  o f  b e n e f its  a n d  lack  o f  a p p a ren t r isk  c o n tin u e s  to  g u id e  an  o v e ra ll a cc ep tan c e  o f  l ip id  

em u ls io n  th e ra p y  a dm in is tra tio n  in th e  se tt in g  o f  L A ST .

F o llow in g  a  th o ro u g h  c r it iq u e  o f  p u b lish ed  c a s e  rep o r ts , th e re  is e v id e n ce  o f  c le a r 

d is c re p a n c ie s  b e tw e e n  th e  re c om m en d ed  g u id e lin e s  a n d  m an a g em en t se t  fo rth  by  A S R A  and
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w h a t is  a c tu a lly  b e in g  tra n s la te d  in to  c lin ica l  p rac tic e . C o n tro v e rs ie s  su r ro u n d in g  th e  u n d e rly in g  

m ech a n ism s  o f  a c tio n  o f  l ip id  em u ls io n , th e  r is k s  a s so c ia te d  w ith  adm in is te r i ng  in tra v e no u s  lip id  

em u ls io n  th e rap y , d e la y  o f  a dm in is tra tio n , a n d  th e  o p tim a l l ip id  em u ls io n  d o se  rem a in s . B ecau se  

th e re  is  no  e th ic a l w ay  to  c o n d u c t c lin ica l  tr ia ls  in v o lv in g  lo ca l  a n e s th e tic  to x ic ity , fu r th e r  case  

re p o r ts  and  a n im a l s tu d ies  a re  w a rran ted . W ith  c o n tin u e d  lab  in v e s tig a tio n  and  fu r th e r  s tu d y  o f  

th e  o u tcom e s  o f  p a tie n ts  w h o  rec e iv e d  l ip id  em u ls io n  th e ra p y  fo r L A ST , c la r if ic a tio n  o f  th e  idea l 

t im in g  o f  lip id  em u ls io n  th e rap y , a lo n g  w ith  id en tif ic a tio n  o f  ad v e rse  e v en ts  and  long  te rm  

e f fe c ts  m ay  c e r ta in ly  b e  a ch iev e d .

Outcome/Dissemination

F o llow in g  a  c om p reh en s iv e  rev iew  o f  l ite ra tu re , th e  in fo rm a tio n  w a s  g a th e red  and  

o rg a n iz e d  in to  a  b o th  a  fo rm a l p re s en ta tio n  an d  c lin ica l  re fe re n c e  b ro c h u re . T h e  c lin ica l lite ra tu re  

d a ta  an d  tre a tm en t g u id e lin e s  w e re  p ro v id ed  to  C R N A s a n d  a n c illa ry  o p e ra tin g  ro om  s ta f f  at 

th re e  loca l a n e s th e tic  to x ic ity  w o rk sh o p  s e s s io n s  a t S an fo rd  H ea lth , F a rg o , N o rth  D ak o ta , and  

w ill  b e  d e liv e red  to  a tte n d e es  o f  th e  N o r th  D ak o ta  A s so c ia tio n  o f  N u rs e  A n e s th e tis ts  b i-an n u a l 

m e e tin g  in  B ism a rc k , N o r th  D ako ta . E ffe c tiv e n e s s  o f  th e  w o rk sh o p  w a s  e v a lu a te d  b y  a  

p a r t ic ip a n t c o u rs e  e x am in a tio n  a t  th e  end  o f  th e  se ss io n . A n  e v a lu a tio n  to o l w as  d is tr ib u te d  a t the  

N o r th  D ako ta  A s so c ia tio n  o f  N u rs e  A n e s th e tis ts  fa ll m e e tin g  to  a sse ss  th e  q u a li ty  o f  th e  

P ow erP o in t p re s en ta tio n .

Implications for Nursing

In  2 010 , th e  A SRA  a n d  P a in  M ed ic in e  P rac tic e  A d v iso ry  on  L A S T  m ad e  a  s tre am lin e  

e f fo r t in  p ro v id in g  e v id e n ce -b a sed  re c om m en d a tio n s  a n d  g u id e lin e s  reg a rd in g  th e  p rev e n tio n , 

d ia g n o s is , and  tre a tm en t o f  lo ca l a n es th e tic  to x ic ity . A  c o n s ta n t am o n g s t th e  m a jo r ity  o f  rec en t 

c lin ic a l case  re p o r ts  is  th e  g u id e lin e s  se t b y  A SR A . R e com m en d a tio n s  fo r  tre a tm en t o f  LA ST
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b e g in  w ith  t im e ly  re c o g n itio n  o f  sym p tom s  fo llow ed  by  p rom p t, e ffe c tiv e  a irw ay  m an ag em en t. 

B e n z od ia z e p in e  a dm in is tra tio n  is  a p p ro p r ia te  i f  se izu re  a c tiv ity  is to  o ccu r. H ow ev e r, i f  

b e n zo d iaz ep in e s  a re  n o t read ily  a v a ila b le , a  sm a ll  d o se  o f  p ro p o fo l m ay  be  a dm in is te re d . I f  

c a rd ia c  a rre s t  o c cu rs , s ta n d a rd  A C L S  tre a tm en t sh o u ld  b e  fo llow ed  w ith  a p p ro p r ia te  

m o d if ic a tio n s  in c lu d in g : sm a lle r  (1 0 -1 0 0  pg ) e p in e p h r in e  b o lu se s  fo r  th e  a d u lt ,  av o id  th e  u s e  o f  

v a so p re s s in , c a lc ium  c h an n e l b lo ck e rs  and  (3 -adrenerg ic  b lo c k e rs , and  f in a lly , in it ia te  

am io d o ro n e  fo r the  tre a tm en t o f  v e n tr ic u la r  a r rh y thm ia s . T h e  u s e  o f  l id o c a in e  o r  p ro c a in am id e  is 

n o t r e com m end ed . L ip id  em u ls io n  d o s in g  g u id e lin e s , as o u tl in e d  by  A S RA , re com m en d  

a dm in is te r in g  a 1.5 m L /k g  2 0%  lip id  em u ls io n  b o lu s  a t th e  f ir s t s ig n s  o f  L A S T , a fte r  a irw ay  

m an ag em en t. A  su b se q u e n t in fu s io n  o f  0 .25  m L /k g  p e r  m in u te  sh ou ld  b e  c o n tin u e d  fo r  10 

m in u te s  a fte r  c a rd io v a sc u la r  s tab ili ty  h a s  b een  a ch iev e d . I f  re f ra c to ry  c irc u la to ry  a rre s t  o c cu rs , a 

re p e a te d  b o lu s  and  in c re a s ed  in fu s io n  ra te  to  0 .5  m L /k g  p e r  m in u te  m ay  b e  co n s id e red . T h e  

u p p e r  l im it  fo r  in it ia l  d o s in g  is  d e fin e d  as 10 m L /k g  l ip id  em u ls io n  fo r 30  m in u te s  (N ea l e t  a l., 

2 0 1 0 ) . C a rd io p u lm on a ry  byp ass  rem a in s  an  a p p ro p r ia te  tre a tm e n t m od a li ty  in  th e  o c cu rre n c e  o f  

an  u n su c c e s s fu l re su sc ita t io n  a ttem p t w ith  l ip id  em u ls io n  a n d  v a so p re s so r  th e rap y .

W ith  th e  a d d it io n  o f  g u id e lin e s  fo r  o p tim iz in g  th e  tre a tm e n t o f  L A S T  and  th e  g row in g  

n um b e r  o f  c lin ica l  c a s e  rep o r ts  d o c um en tin g  l ip id  in fu s io n  fo r  p a tien ts  w ith  lo ca l  a n e s th e tic  

to x ic ity , a  c o u p le  o f  c lin ica l p e a r ls  h a v e  b een  id en tifie d . R e c e n t c ase  re p o r ts  su p p o r t  in it ia t io n  o f  

l ip id  em u ls io n  th e ra p y  a t o n se t  o f  lo c a l  a n e s th e tic  to x ic ity  sym p tom s  ra th e r  th a n  d e la y in g  

a dm in is tra tio n  u n ti l s tan d a rd  re s u sc ita t io n  m ea su re s  fa il (W e in b e rg , 2 008 ). A d d itio n a lly , th e  

a d v iso ry  coun c il d o e s  n o t fav o r o n e  fo rm u la tio n  o f  l ip id  em u ls io n  so lu tio n  o v e r  an o th e r . 

H ow ev e r , it is im po r tan t to  re f ra in  f rom  u s in g  p ro p o fo l as a  s u b s ti tu te  fo r  l ip id  em u ls io n  th e ra p y  

due  to  its  low  lip id  c o n te n t and  h ig h  c a rd iac  d e p re s s a n t e f fe c ts  (N ea l e t a l., 2 0 10 ).
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B a sed  u po n  th e  su c ce ss fu l d a ta  rep o rte d  f rom  b o th  an im a l s tu d ie s  and  c a s e  rep o r ts , l ip id  

em u ls io n  th e rap y  rem a in s  an  e ffe c tiv e  tre a tm en t o f  to x ic  o v e rd o se  f rom  lo ca l a n e s th e tic s  and  

rev e rsa l  o f  a sso c ia ted  c a rd io v a scu la r  sym p tom s . L ip id  em u ls io n  th e ra p y  can  b e  in s trum en ta l  in  

th e  re su sc ita t io n  o f  a  to x ic  e v en t and  sh o u ld  be  em p lo y ed  a t th e  o n se t  o f  n e u ro lo g ic a l  o r 

c a rd io v a scu la r  sym p tom s . In  the  e v e n t o f  lo ca l a n e s th e tic  to x ic ity , e a r ly  re c o g n it io n  and  t im e ly  

a dm in is tra tio n  req u ire s  th e  av a ila b ili ty  o f  l ip id  em u ls io n  th e rap y  in  a re n a s  w h e re  lo ca l 

a n e s th e tic s  a re  c om m on ly  u sed . O p e ra tin g  room s, o b s te tr ic  su ite s , a n d  a reas  w h e re  reg ion a l 

b lo ck s  a re  c o n du c ted  sh o u ld  k eep  an  IV  lip id  em u ls io n  supp ly  and  d o s in g  p ro to co l read ily  

a v a ilab le . P ro f ic ien t a n d  e ffe c tiv e  re su sc ita t io n  e f fo r ts  req u ire  p rom p t in te rv en tio n  and  v ig ila n ce  

by  a n e s th e s ia  c lin ic ian s  in  in s titu tin g  b o th  t im e ly  A C L S  and  l ip id  em u ls io n  th e rap y .

Summary

A lth o u gh  ra re , lo ca l  a n e s th e tic  to x ic ity  rem a in s  a  p o ten tia l ly  fa ta l c om p lic a tio n  o f  

reg ion a l a n e s th e s ia  th a t  c a n n o t be  so le ly  p re v e n ted  b y  any  s ing le  m ea su re  (B e rn  e t  a l., 2 011 ). 

S ym p tom s  o f  L A ST  in it ia l ly  m an ife s t p r im a r ily  th ro u g h  n e u ro lo g ic a l  e x c ita tio n  and  

c a rd io v a scu la r  d y sfu n c tio n , and  e v en tu a lly  p ro g re s s  to  re f ra c to ry  c a rd io v a scu la r  a rre s t . 

T re a tm en t o f  lo ca l  a n e s th e tic  to x ic ity  is  a im ed  a t p ro v id in g  a d eq u a te  o x y g en a tio n , in s titu tin g  

A C L S , a n d  p rom p t a dm in is tra tio n  o f  l ip id  em u ls io n  th e rap y . G u id e lin e s  fo r  the  u se  o f  l ip id  

em u ls io n  th e ra p y  in  t re a tm en t o f  se v e re  lo ca l a n e s th e tic  to x ic ity  h a v e  p a v ed  th e  w a y  fo r  a 

p rom is in g  tre a tm en t m o d a li ty  and  re lia b le  rev e rsa l  o f  lo ca l  a n es th e tic  to x ic ity .
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