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Introduction
Anaphvlax is  is  a  progress ive,  potent ia l ly  fa ta l ,  IgE-
mediated react ion assoc ia ted wi th  the rap id  re lease of
histamine into the systemic circulat ion, producing hypo-

tension, hypoxia and airway edema. Survival requires
rap id  d iagnos is  and the prompt  in i t ia t ion o f  medica l

t reatment .  A re t rospect ive s tudy [1 ]  f rom the Mavo Cl in ic
found that 20% of patients treated for anaphylaxis had n<;
identi f iable cause, while the known causes included fcrod
re  ac t i ons  (33%) ,  i nsec t  s t i ngs  (14%) ,  d rug  reac t i ons  (13%)

and exerc ise (7%).

' l 'he 
inc idence of  anaphy lact ic  react ions in  the opcrat ing

room ranges from 1 in 4500 cases [2] to I  in ?5 000 cases

[3] with an estimated mortal i ty rate between 3 and 6%

[4] .  
' I 'he 

management  o f  these pat ients  is  more chal len-
g ing because they rece ive mul t ip le  medicat ions,  present

init ial ly with more advanced symptoms and progress

more rap id ly  than pac ients  exper ienc ing anaphy lax is  in

othcr sett ings. A coordinated effort by anesthesiologisrs,

surgeons and al lergists is important after the event to help

identi fy the cause and establ ish a plan to prevent future

events .

1068-9508 e 2008 Wolters Kluwer Health I  Lippincott Wil l iams & Wilkins

Purpose of review
The present art icle reviews the l i terature on anaphylactic reactions occurring in the

operating room sett ing. The causes of anaphylaxis are discussed along with the cl inical

features, treatment and appropriate fol low-up for patients who experience this reaction.

Recent findings

Anayphylaxis in the operating room can be caused by lgE-mediated reactions,

non-lgE-mediated immunologic reactions as well  as nonimmunologic reactions, The

most common causes are neuromuscular blocking agents and latex, fol lowed by

antibiot ics and other induction medications. Reactions may present with severe

symptoms such as bronchospasm or cardiovascular col lapse. Early recognit ion,

fol lowed by the administrat ion of epinephrine, f luids, oxygen and airway control,  is the

key to a successful outcome. Fol low-up test ing, through in-vitro and in-vivo methods, is

helpful in determining which agent caused the reaction.

Summary

The management of anaphylaxis in the operating room requires a col laborative effort

between anesthesiologists, surgeons and al lergists. Protocols for the management of

suspected anaphylactic events and subsequent test ing should be in place. To prevent

future events, patients must receive adequate fol low-up and high-r isk patients should be

identi f ied before they enter the operating room.

Keywords

anaphylactoid, anaphylaxis, lgE, latex, mast cel l  tryptase, mast cel ls, neuromuscular

blocking agent, operating room

Curr  Op in  Oto la ryngo l  Head Neck  Surg  16 :280-284
O 2008 Wol te rs  K luwer  Hea l th  I  L ipp inco t t  Wi l l iams & Wi lk ins
1  068-9508

Causes of anaphylaxis
' l 'he  

degranula t ion o f  pre formccl  h is tamine f rom mast

ce l ls  produces f lu id  leakage f rom b lood vessels ,  caus ing

edema,  bronchospasm and hypotens ion.  Large,  mul t i -

center  s tud ies [5 ' ,6 ,7)  have est imated the inc idence of

IgE-mediated reactions to bc bctween 50 and 70% oî al l

severe operat ing room react ions.  Anaphy lacto id  react ions

are c l in ica l lv  s i rn i la r  co IgE-mediated anaphy lax is ,  but  are

mediated by IgG,  IgNI ,  complcment  and k in ins.  Anaphy-

lac to id  react ions may a lso occur  wi thouc the invo lve ment

of  any spec i f ic  immunolog ic  mechanisms.  Drugs such as

morphine,  codeine and ncuromuscular  b lock ing agents
(NNIBAs)  may pr roduce d i recr  act ivat ion o f  mast  ce l ls .  As

immune  sens i t i za t i on  i s  no t  occu r r i ng ,  p rev ious  con tac t

with these substanccs is not l ìecessary for a reaction to

occur [8].  Anaphylactoid reactions tend to be less severe

and more dose-dependent  than anaphy lax is  and,  in  the

case of  NMBAs,  i t  is  l i ke ly  that  both tvpes of  react ions are

occurr ing [9" ] .

' l 'he  
most  common cause of  anaphy lax is  in  the operar ing

room has been for-rnd to be NNIBAs, with the incidencc in

t l re  l i te ra ture ranges between 50 and 70% U0-121.  IgE



has been detected against  the i r  two quar ternary

ammonium groups (NH+-) ,  g iv ing chese drugs the i r

anaphy lact ic  potent ia l  [13] .  Most  people  are exposed

to quar ternary  ammonium groups through contact  w i th

foods, cosmetics, disinfectants and drugs, and this may

explain why 55% of patients presenting with anaphylaxis

co NMBAs have never  been exposed to  them [14] .  I t  has

also been suggested t l-rat NMBAs may tr igger mast cel l

degranula t ion by act ivat ing the n icot in ic  acety lcho l ine

receptors  on the ce l l  sur face [15] .

Al lergy to latex has been re ported to account for 16.9% of

anaphy lact ic  react ions in  thc  operat ing room t16] .
I .- i f ty percent of latex reactions occur during obstetr ics/

gynecology procedures,  20% occur  dur ing abdominal

surgerv and l0% occur during orthopedic proceclures

l l7l.  l ìactors associated with high r isk for latex reac-

t ions inc lude ear ly  exposure to  surgery ,  mul t ip le

surger ies ,  repeaced inser t ion o f  la tex catheters  or  chron ic

indwel l ing catheters  and ch i ldren wi th  sp ina b i f ida

[18 ,19 ] .  l n  che  ped ia t r i c  popu la t i on ,  i t  has  been  es t ima ted

that 80% of intraoperative anaphylaxis episodes are duc

to la tex a l lergy [20] .

Antibiot ic reactions, considered to be the third most com-

mon cause of anaphylaxis in the operating room, general ly

present in the perianesthetic period t4l.  
' I 'he 

most com-

mon agents implicated are the B-lactam antibiot ics and

vancomycin 1211. Anaphylaxis from parenteral penici l l in

occurs in approximately 0.001 Vo of sublecrs 1221. Alt l-rough

sk in  and b lood test ing is  ava i lab le  for  penic i l l in  a l lergv,  the

major  determinant  product  is  s t i l l  not  commerc ia l ly  ava i l -

ab lc .  Vancomycin  react ions are most  cc lmmonly  caused by

d i rect  mast  ce l l  ac t ivat ion ra ther  than IgE-mediated.

Quinolones produce lgE-mediated reactions 50% of the

time, but there are no val idated skin reagents or IgE assays

current ly  ava i lab le  [23] .

Approximately 300 cases of anaphylaxis to barbiturates,

part icularly thiopental,  have been reported. 
' l 'hese 

reac-

t ions are be l ieved to  be pr imar i ly  IgE-mediated,  and

women are affected three t imes more than men [24].
Nonbarbiturate hypnotics, such as propofol,  may be useful

in patients lvi th previous rcactions to barbiturates.

Anaphylactic reactions have also been reported for opioids,

acetylsal icyl ic acid, nonsteroidal anti- inf lammatory drugs,

protamine, aprotinin, benzodiazepines, local anesthetics,

chlorhexidine, hyaluronidase, oxytocin and patent blue

dye  [ 25 ' ] .

Glinical features
In a study from Norway, bronchospasm rvas found to be

the most  common present ing s ign c l f  operat ing room

anaphylax is  (78.3%),  fo l lowed by hypotens ion wi th  a

systo l ic  b lood pressure less than 60 mmHg (63.9%),  rash
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(54.2%),  hypoxemia wi th  ano2 saturat ion less than 90%

(49.4%),  angioedema(16.9%) and card iac ar rest  (6 .0%). ln

three of the 83 cases, bronchospasm was the sole feature

[6 ] .  In  aT-year  s tudy in  l ì rance [10] ,  compar ing the s igns

of  anaphy lax is  and anaphy lacto id  react ions,  card iovascu-

lar symptoms were seen in 74.7 versus 33.9Vo, whereas

bronchospasm was noted in  39.8 versus 19.2% and

cutaneous symptoms were seen in  71.9 versus 93.7Vo.

Anaphy lact ic  react ions occurr ing wi th in  minutes o f

induct ion are l ike ly  due to  in t ravenous agents  t26) .
React ions occurr ing more than 15min af ter  induct ion

are more l ike ly  due to  agents  that  have contacted che

sk in  or  mucosa,  such as la tex or  ch lorhex id ine 127") .
Rapid  in fus ion of  vancomycin  may produce prur i t is ,  a

burning sensation and ervthema across the face, neck and

upper  torso.  Bronchospasm, which is  a  common symptom

of  anaphy lax is ,  rare ly  occurs  wi th  d i rect  h is taminc re lease

or after experimental histamine infusicln and this suggests

that  o ther  mediators  bes ides h is tamine are rec lu i red for

anaphylaxis to occu r f9",281.

' l 'he 
d iagnos is  o f  anaphy lax is  is  d i f f icu l t  because pat icnts

under  anesthes ia  cannot  verba l ize compla in ts  and sk in

f ind ings may be h idden undcr  surg ica l  drapes.  Jacobsen
et a/.  [29] studied this by placing 2l parrs of anesthesiol-

og is ts  in  a  fu l l -sca le  anesthes ia  s imulator .  None of  the

teams could correctly identi fy the diagnosis of anaphylaxis

wi th in  10min.  Af ter  15 min and h in ts  f rom the ins t ructor ,

only six of 2l teams considered the correct diagnosis. 
' l 'he

differential diagnosis of anaphylaxis in the operating room

inc ludes asthma exaccrbat ion,  ar rhythmia,  hemorrhage,

rng ioedema,  n ìastocvtos is .  r tcute  mvoct r t l ia l  in farc t ion,

drug overdose,  per icard ia l  tamponade,  pu lmonary ec iema,

pu lmonary embolus,  seps is ,  tens ion pneumothorax,  vaso-

vagal reaction, venous air embolus, laryngospasm, blood

transfusion reaction and malignant hyperthermia [9"].

Treatment
' l 'he  

in t raoperat ive t reatment  p lan is  gu ided by the most

l i fe-t l"rreatening effects of anaphylactic re aotions: cardio-

vascular  co l lapse,  bronchospasm and edema of  the a i rway,

part icLrlarly the larynx. 
' l ' reatment 

consists of the instant

in ter rupt ion o f  medicat ions or  procedurcs that  might  be

caus ing i t  a long wi th  e  p inephr ine,  100% oxygcn,  vo lume

suppor t  and in tubat ion.

' I 'he 
cr-agonist propert ies of epinephrine reverse vasodi-

la ta t ion,  whereas i ts  B-agonis t  proper t ies  re lax the smooth

musc le  o f  the a i rway,  increase my<lcard ia l  cont ract i l i ty

and suppress the re lease of  in f lammatory  mediators  such

as h is tamine anc l  leukot r ienes [30] .  Ep inepl - r r ine,  w i th  a

hal f - l i fe  o f  15 min,  is  metabol ized rap id ly  in  the l iver  and

may need to  be readmin is tered.  Cont inuous ep inephr inc

in fus ion should  be cons idered i f  repeat  doses are requi red
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[31] .  Larger  doses of  ep inephr ine may be requi red for

pat ients  who are on B-b lockade,  but  caut ion must  be

taken to avoid a subsequent hypertensive crisis from

unopposed a activation. 
' l 'he 

successful usc of isoproter-

enol in a patient with refractory anaphylaxis in the

operating room because of B-blocker therapy has been

repor ted Í32 '1 .

As of  the f lu id  that  has leaked out  o f  the c i rcu la tory

system,  rep lacement  wi th  crvs ta l lo id  or  co l lo id  is  necess-

ary  to  suppor t  b lood pressure.  Other  medicat ions,  such as

ant ih is tamines and s tero ids,  are  usefu l  to  d imin ish

immediate  svmptoms as wel l  as  la te-phase react ions that

may occur up to 24hafter the init ial  reaction [33]. Recent

work has been done examin ing the ro le  o f  n i t r ic  ox ide in

the refractory hypotension that may occur during

anaphy lax is .  
' |akano 

and co l leagues [34" ]  determined

that I ,-NAN{E (.n/-nitro-r.-arginine methyl ester),  a nitr ic

oxide synthase inhibitor, was able to attenLrate this

hypotens ion in  mice. ' l 'he use of  ter l ip ress in  for  re f ractory

hypotens ion af ter  anaphy lax is  to  neuromuscular  b lock-

adc has a lso been repor ted [35 ' ] .

Fol low-up
Reactions are classified into three groups according to
Ring and Nf essmer in 1977 [36],  modif ied by Gal lct ly and
' I ' reuren in 19t15 [14]:

decl ine in levels should be dcmonstrated Z4h after symp-

toms have improvecl to rule out mastocytt-rsis [5' ,6,38,401.

It  has been found that in cases of fatal and near-fatal

anaphy lax is ,  the MC' l '  i s  not  e levated,  poss ib ly  becausc

the react ions were not  mast  ce l l  dependent  [41] .  Basophi ls ,

which produce 1/500 the tryptasc of mast cel ls, may be

the effector cel ls along with other mediators such as

complement  or  k in ins .  l ìa lse negat ives are secn in  tes t ing

for tryptase, so a negative N{C'l '  does not remove the

nee d for continued test ing to f ind the cause of che reaction

142)

In a retrospcctive review of 67 cascs of operating room

anaphylax is ,  thc  suspected cause d id  not  match the resu l ts

of  subsequent  invest igat ion 73% of  the t ime,  and th is

underscores the importance of developing an evidence-

based test ing protoco l  l27" l .One poss ib i l i ty  for  invest i -

gation is the dete rmination of serum IgE levels for relevant

agents such as latex, N\4BAs, morphine and antibit .r t ics.

Unfortunately, spccial ized laboratories, which are able to

test for anesthctic agcnts, are not avai lable in everv

country. l ìor many years, the only widely avai lable

NNlBA-specif ic lgl ì  assay was fcrr suxamethonium, but

F.bo et al.  [43"] recently reported a rel iable IgE assav for

rocuronium using the ImmunoCAP technique. In-vitrct

test ing is recommended for latex bccause of the wide-

spread ava i lab i l i tv  o f  a  s tandard ized assav and the dangers

of skin test ing with nonstandardized latex reagents [9"].

I t  is  commonly  be l ieved that  IgE test ing should  not  be

done for  a t  least  2-3 weeks af ter  an anaphy lact ic  react ion

because of  the presume d consumpt ion of  IgFì  dur ing the

react ion [44] .  Never the less,  IgE leve ls  takcn up to  6h

after the reaction have been found to be similar to levels

taken days or weeks aftcr the event [45"].  IgE test ing

should  be done wi th in  6  months o f  the react ion,  because

of the slow decl ine in levels over t ime, or even so<-rner i f

ch lorhcx ic l ine is  a  suspect  [46] .

Af ter  negat ive in-v i t ro  tcs t ing,  or  i f  in -v i t ro  rest ing is

unavai lab lc ,  sk in  tes t ing may be per formed 6 weeks af tc r

the react ion us ing sk in  pr ick  tes t ing and/or  in t radermal

test ing.  In  genera l ,  sk in  tes t ing is  thought  to  be more

sens i t ive  than in-v i t ro  tes t ing,  but  the t rue sens i t iv i ty  is

cur re  n t ly  unc lear  because of  the lack o f  s tandard izat ion o f

gu ide l ines and the inherent  d i f f icu l t ies  in  determin ing

the false negative rates with this infrequent event. Skin

pr ick  tes t ing in  heal thy  vo lunteers  to  undi lu ted rocuro-

n ium and vecuron ium resu l ted in  50 and 40% pos i t ive

react ions,  respect ive ly  I47 l  In t radermal  tes t ing for

NNIBAs,  however ,  has a lso been cr i t ic ized for  caus ing

nonspcc i f ic  sk in  react iv i ty ,  and i t  has been specula ted

that  th is  leads to  an overest imat ion o f  the inc idence of

true anaphylactic reactions to these agents [48,49].In an

attempt to improve the specif ici ty of this test ing, Mertes

Class I

Class ll

Class l l l

Mi ld react ions resolv ing spontaneously,  usual ly
involving only one organ system (e.g. urticaria,
angioedema, rash)

More severe reactions requiring treatment but
reso lv ing  w i th in  1O-20min ,  usua l l y  i nvo lv ing  one
or more organ systems (e.9. hypotension,
bronchospasm and urticaria)

Very severe reactions requiring prolonged treatment
(e.9. anaphylactic shock, usually involving more
than one organ system

Cìontroversy cxists whether or not patients in class I

should  be tested,  but  proponents  o f  th is  s ta te  that  detcc-

t ion of the offending agenc rnay be useful in preventing a

fu ture,  poss ib ly  morc severe,  event .  Genera l lv ,  c lass I

react ions do not  rec lu i re  spec i f ic  fo l low-up.  One excep-

t ion to this is local ized or general ized urt icaria occurring

after chlorhexidine exposure, in which mild reactions

may precede a more severe react ion [37] .

Any react ion beyond c lass I  should  undergo immediate

blood test ing to help detcrmine the nature of the reac-

t ion.  H is tamine,  wi th  a  ha l f - l i fe  o f  on ly  a  few minutes,

peaks at approximately 5 min and returns to basel ine by

15-30min [38] .  N last  ce l l  t ryptase (MC' l ' ) ,  w i th  an e l im-

ination half- l i fe of 2.5 h, makes i t  a more useful marker

for  anaphy lax is  prov ided that  leve ls  are obta ined wi th in

l -?h of  the event  [39] .  
' l 'he  

cuto f f  for  pos i t ive  NIC' I '

levels ranges in the l i terature from 10 to 24 p/ l  and a



et al.  [50"] have determined the maximal nonreactive

concentrarions for common NMBAs in healthv, NN'IBA-

naive volunteers.

A previous severe reaction to anesthesia or documented

anaphy lax is  whereas under  anesthes ia  represents  a

s ign i f icant  r isk  fac tor  for  a  subsequent  event  t lZ l .
Pat ients  must  have the resu l ts  o f  the i r  pr ior  tes t ing so

that  surgeons and anesthes io log is ts  can dec ide rvhether  or

not  e lect ive procedures should  be per formed,  whether

other  forms of  anesthes ia  (such as loca l  or  rcg ion)

should  be used or  which a l ternate agents  should  be r - rsed.

Selecting alternate agents for NMBAs may not be straight-

forward, given the 60% cross-reactivi ty rate for skin

testing and 80% for in-vitro test ing [51]. Cross-reactivi ty

patterns may also vary from patient to patient. I f  mult iple

NMBAs test posit ive, one of thc ones that tested negative

should  be used subsequent lv  i f  neuromuscular  b lockade

is necessary. Cases have, however, been reported in

which anaphv lax is  occurred wi th  an agent  that  tcs ted

negat ive [521.

Although routine screening for al l  patients entering the

operating room cannot be just i f ied, who should be con-

sidered at high r isk? It  has been found that40% of patients

experiencing anaphylaxis under anesthesia have a history

of atopy or al lergies, f ive t imes higher than patients who

had no anaphy lax is  whi le  in  the operat ing room t531.
Never thc lcss.  ex t raprecaut ions or  preoperat ive scrcening

is  not  rout ine ly  recommended for  every  pat ient  w i th

inha lant  a l lerg ies who enters  the opcrat ing room.

l ìemales exper iencc react ions a t  a  ra te  o f  4 :1 ,  but  th is

may ref lect the fact that they undergo more high-r isk

procedures than men. In addit ion, females have been

found to be approximately 10 t imes as sensit ive to

NMBAs as males [ .5a] .  A l though th is  has been thought

to  be due to  the cosmet ic  use in  females,  no ev idence

supporcs a  h igher  inc idence of  NNIBAs a l lergy in  pat ients

wi th  a l lerg ies to  cosmet ics  [55] .

Patients who have a known history of latex al lergy

should  have la tex precaut ions in  p lace,  and these

steps should also be considered for anv patient rvi th a

history of a severe anesthesia reaction who tcsted

negative or was never worked-up. 
' l 'here 

has also been

founcl to be an associat ion between fruit  and vegetable

sens i t iv i ty  among pat ients  wi th  la tex a l lergy,  par t icu-

larly bananas, avocados, kiwi, mango, papaya, tomatoes

and potatoes [56,57] .  Many hospi ta ls  create spec ia l
' la tex- f ree '  su i tes ,  but  i f  regu lar  operat ing rooms rooms

are used,  equipment  should  be wiped down by personnel

wearing synthetic gloves. Latex-free anesthesia and

procedure car ts  should  a lso be ava i lab le  and h igh-r isk

cases should be f irst of the dav so latex in the air is

the lowest.
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Pretreatment with antihistamines and steroids has been

found to be useful in diminishing or prcventing adverse

ef fects  assoc ia ted wi th  d i rect  h is tamine re lease,  but  has

not been found to be beneficial in preventing severe,

IgE-mediated react ions [58,59] . ' l 'herefore,  the cur rent

data only supports the usefulness of pretre atment in the

prevent ion o f  anaphy lacto id  react ions,  but  not  for

anaphy lax is  [9" ] .  C) ther  management  s t ra teg ies for

pat ients  who have reacted to  agents  and requi rc  sub-

sequent  procedures are cur rent ly  under  invest igac ion,

such as desens i t iza t ion and the admin is t ra t ion o f  smal l

test doses of the drr-rg. l)rugs that arc known to release

his tamine should  be avo ided or  in jec ted s lowly ,  one

bv one.

Conclusion
Anaphylaxis in the operating room is an infrequent, but

potential ly fatal event. Uniform standards need to be

adopted worldwide for t l -re screening of high-r isk

patients, the workup that occurs after a reaction and

the report ing of the event. Currently, there are specizi l-

ized Anesthesia Al lergy Centers in Denmark, l ìrance,

New Zealand, Austral ia and the lJnited Kingdom, but

centers  need to  be ava i lab le  wor ldwide.  In-v i t ro  tes t ing

needs to  be more wide ly  ava i lab le  and cont inued research

is needed to better define the role of skin te st ing as part of

the subseqLlent  invest igat ion.  Anest l - res io log is ts  should

rece ive regular  t ra in ing on the recogni t ion and manage-

ment  o f  anapl - ry lax is  and the thrcshold  for  in i t ia t ing la tex

preca l l t ions should  remain low.
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