
July 2012  Q  Volume 76  Q  Number 746

Case 2012-7: Fool me once …
“ Life can only be understood backwards, but it must be lived 
forwards.”  — Soren Kierkegaard (1813-1855)

 
 An ASA IIIE adolescent female, 22 kg, with history of failed 
cadaveric renal transplant and refractory hypertension was 
scheduled for transplant nephrectomy. Induction of anesthesia 
with propofol was uneventful; the patient then received cefazolin 
and fentanyl. Three minutes later, she developed sudden hypoxemia 
JSPPS[IH�F]�FVSRGLSWTEWQ��GYXERISYW�¾YWLMRK��L]TSXIRWMSR�����
mmHg) and hypocapnea (end-tidal CO

2 8 mmHg). She required 
escalating doses of epinephrine to improve bronchospasm, 
ventilation and hypoxia. Hypotension was unresponsive to 
TLIR]PITLVMRI� ERH� MQTVSZIH� SRP]� EJXIV� ������ QP� GV]WXEPPSMH�
TPYW�ITMRITLVMRI�����QGK��7LI�[EW�KMZIR�L]HVSGSVXMWSRI����QK�
and diphenhydramine 25 mg. An arterial line was placed, which 
WLS[IH�FPSSH�TVIWWYVI�SJ�������QQ,K��7YTTSVX�[EW�GSRXMRYIH�
[MXL�ITMRITLVMRI�EX�����QGK�OK�QMR��RSVITMRITLVMRI�����GK�OK�QMR�
ERH�ZEWSTVIWWMR�����YRMXW�QMR��,IV�GSRHMXMSR�WXEFMPM^IH�ERH�WLI�
was transported to the ICU. The nephrectomy was performed 
three days later; no cefazolin was used and the procedure was 
completed without incident.

Background
 The patient had undergone multiple previous procedures with 
anesthesia and had received cefazolin many times. Six months 
earlier the patient had anesthesia for peritoneal dialysis catheter 
placement. At that time she suffered cardiovascular collapse 
several minutes after tracheal intubation, characterized by ET 
CO2�SJ���QQ,K�ERH�FPSSH�TVIWWYVI�������QQ,K��FYX�[MXL�RS�
IZMHIRGI�SJ�FVSRGLSWTEWQ��7LI�VIWTSRHIH�XS�E�����QP�¾YMH�FSPYW��
����QGK�ITMRITLVMRI�MR����QGK�FSPYWIW�ERH�L]HVSGSVXMWSRI����
QK�� 7LI� WXEFMPM^IH� [MXL� ER� ITMRITLVMRI� MRJYWMSR� ����� QGK�OK�
QMR��*YPP�RIYVSPSKMGEP�JYRGXMSR�VIXYVRIH�[MXL�RS�JSGEP�HI½GMXW����
minutes after anesthesia was discontinued. 
 The drug that caused this initial allergic reaction was not 
clear. The patient had received cefazolin, propofol and fentanyl  
in the period prior to the adverse event, and the surgical site 
had been prepped with chlorhexidine. Cefazolin was considered 
an unlikely culprit because at the time the patient was taking 
oral cephalexin for a urinary tract infection. Radioallergo-

WSVFIRX� XIWXMRK� �6%78� JSV� WIVYQ�WTIGM½G� MQQYRSKPSFYPMR�
E (IgE) showed no reaction to any agent used during the 
procedure. Subsequent to this initial reaction the patient 
had two uneventful general anesthetics, but did not receive  
cefazolin or propofol on either occasion.

Discussion
 It appears clear in hindsight that the patient suffered a severe 
allergic reaction to cefazolin on both of these occasions. In this 
ERH�QER]� SXLIV� GEWIW�� MHIRXM½GEXMSR� SJ� XLI� EPPIVKIR� MW� VIEGLIH�
only after a lengthy process of deduction and elimination. After 
XLI� ½VWX� VIEGXMSR�� XLIVI� [IVI� WIZIVEP� TSXIRXMEP� GYPTVMXW�� XLI�
TEXMIRX�LEH�VIGIMZIH�JIRXER]P��TVSTSJSP��GIJE^SPMR�ERH�WIZS¾YVERI�
for anesthesia. In addition, chlorhexidine prep solution had been 
ETTPMIH�XS�XLI�TEXMIRX Ẃ�WOMR��+EVZI]��6SIH�4IXIVWIR�IX�EP��������
and an endotracheal tube sterilized by ethylene oxide (Bache, 
4IXIVWIR�IX�EP�������LEH�FIIR�TPEGIH��%�WIZIVI�EPPIVKMG�VIEGXMSR�
to any of these is possible.
 The anesthesia team for the second event was misled into 
thinking it was safe to administer cefazolin by a couple of factors. 
First was a note following the initial event stating that cefazolin 
was unlikely to have caused the allergic reaction because the 
TEXMIRX� [EW� XEOMRK� SVEP� GITLEPI\MR� GSRGYVVIRXP]� [MXL� XLI� ½VWX�
operation. However, being able to safely take one cephalosporin 
does not rule out allergy to another. Cross-reactivity between 
GITLEPSWTSVMRW� MW� WMHI�GLEMR��RSX�FIXE�PEGXEQ�� WTIGM½G� �-KIE��*VEN�
IX� EP�� ������'IJE^SPMR� ERH�GITLEPI\MR�LEZI�UYMXI�HMJJIVIRX� WMHI�
chains and cross-reactivity may not occur. It is quite possible for 
E�TEXMIRX�XS�LEZI�-K)�WTIGM½G�WIRWMXM^EXMSR�XS�SRI�HVYK��GIJE^SPMR��
and not to the other, cephalexin.
 The second factor giving the anesthesia team a false sense 
SJ� WEJIX]�[EW� XLI�6%78� XIWX�TIVJSVQIH�EJXIV� XLI�½VWX� MRGMHIRX��
which did not identify an allergy to cefazolin. In a patient such as 
this, even following a severe IgE mediated anaphylactic reaction, 
sensitivity of the RAST is only 75 percent, i.e., a false-negative test 
MW�UYMXI�TSWWMFPI��*SRXEMRI��1E]SVKE�IX�EP��������
� -R�VIEPMX]��MX�GER�FI�HMJ½GYPX�XS�MHIRXMJ]�XLI�GEYWI�SJ�ER�EPPIVKMG�
reaction in the operating room. The patient is exposed to many 
substances over a brief period of time, and identifying the true 
allergen is not always possible. Following a serious intraoperative 
allergic reaction, the drug reported as the most likely cause was 
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shown to be wrong 73 percent of the time (Kroigaard, Garvey et 
EP��������8LMW�MW�MR�TEVX�FIGEYWI�SJ�VITSVXMRK�FMEW�FEWIH�SR�SPH�ERH�
outdated concepts.
 According to conventional wisdom, neuromuscular-blocking 
drugs are responsible for most of the severe intraoperative 
EPPIVKMG� VIEGXMSRW� �,ITRIV� ERH�'EWXIPPW� ������8LMW� FIPMIJ� RIIHW�
to be re-examined. In Denmark, the Danish Anaesthesia Allergy 
Center conducts a formal and rigorous follow up on all reports 
of severe intraoperative allergic reactions anywhere in the nation. 
Their analysis shows that muscle relaxants are not the most 
common cause of intraoperative allergic responses (Garvey, 
6SIH�4IXIVWIR� IX� EP�� ������8LI� XLVII�QSWX� GSQQSR� EPPIVKIRW�
were, in descending order, chlorhexidine, antibiotics and latex 
�+EVZI]��6SIH�4IXIVWIR�IX�EP��������/VSMKEEVH��+EVZI]�IX�EP��������
3RP]�SRI�GEWI�SJ�RIYVSQYWGYPEV�FPSGOIV�WIRWMXMZMX]�[EW�MHIRXM½IH��
and that was to cisatracurium. The Danish results have since been 
GSR½VQIH�F]�E�WXYH]�MR�XLI�9RMXIH�7XEXIW��+YVVMIVM��;IMRKEVXIR�
IX�EP�������
 The incidence of life-threatening allergic reactions during 
ERIWXLIWME� ZEVMIW� F]� GSYRXV]� JVSQ�������� MR� 2SV[E]� XS� 
����������E� PMOIP]�YRHIVIWXMQEXI� MR�XLI�9RMXIH�7XEXIW��+YVVMIVM��
;IMRKEVXIR� IX� EP�� ������8LIWI� IWXMQEXIW�[SYPH� I\XVETSPEXI� XS�
any given anesthesiologist seeing one to two cases every decade 
SJ�GPMRMGEP�TVEGXMGI��-R�XLI�9RMXIH�/MRKHSQ�����TIVGIRX�SJ�WIZIVI�
allergic reactions associated with anesthesia are fatal. Compare this 
with malignant hyperthermia, a much less common complication 
with a current mortality of around 5 percent (Rosero, Adesanya 
IX�EP�������

Lessons
� ;LEX�PIWWSR�HSIW�XLMW�GEWI�LEZI�JSV�XLI�GPMRMGMER#�8LI�QSWX�
obvious is that allergies can present despite previous negative 
screening tests and that no patient’s care can be taken for granted. 
In other words, the previous history of an allergic event should 
have increased concern more than the subsequent negative 
testing reduced it. 
 A more generic lesson is the importance of preparing for an 
allergic reaction at any moment. Allergic reactions in the O.R. must 
FI�XVIEXIH�EKKVIWWMZIP]��7IZIVI�EPPIVKMG�VIWTSRWIW�LEZI�E�WMKRM½GERX�
morbidity and mortality. The cornerstones of treatment are rapid 
recognition, aggressive intravascular resuscitation and early use of 
ITMRITLVMRI��+EVZI]��&IPLEKI�IX�EP��������0II�ERH�:EHEW������
 Another lesson is that the presentation may be limited to one 
W]WXIQ�SRP]��XLI�QSWX�GSQQSR�FIMRK�GEVHMSZEWGYPEV�GSPPETWI��0II�
ERH�:EHEW�������0EGO�SJ�TYPQSREV]�SV�GYXERISYW�QERMJIWXEXMSRW�
HSIW�RSX�VYPI�SYX�ER�EPPIVKMG�VIEGXMSR��;MXL�XLI�½VWX�IZIRX��WIZIVI�
hypotension was the principal feature. In the second incident, 
pulmonary and cutaneous manifestations also presented. 
 As they do for malignant hyperthermia, hospitals should 
develop an a priori plan, the “anaphylaxis drill,” for management 
SJ�WIZIVI�EPPIVKMG�VIEGXMSRW��/VSMKEEVH��+EVZI]�IX�EP��������%%+&-�
������ ,EZMRK� WYGL� E� TPER� ERH� EGXMZEXMRK� MX� IEVP]� QE]� MQTVSZI�
SYXGSQI��%\SR�ERH�,YRXIV������ERH�QE]�WIVZI�EW�XLI�FEWMW�JSV�
team-based simulator training. In addition, the plan can include 
recommendations for formal post-hoc testing, e.g., drawing blood 
for a tryptase assay, and consultation with allergy experts.

 Propagating communication of the patient’s allergies should 
be a core function of electronic health care records (EHR). In 
addition to making sure that a previous reaction is not forgotten 
or overlooked, the EHR could integrate expert opinion (the 
pharmacist who would know about cephalosporin side-chain 
differences) and decision support (“the patient has had a previous 
anaphylactic reaction”). More advanced systems can integrate 
with syringe bar-code technology to reduce the risk of even 
accidental administration of a contraindicated medication. 
 Finally, in the management of severe allergic reactions, it is 
not useful to worry about whether the underlying mechanism is 
SV�MW�RSX�-K)�QIHMEXIH�¯�XLI�ERETL]PEGXMG�ERETL]PEGXSMH�UYIWXMSR��
Regardless of the mechanism, the event can be severe and life-
threatening, and clinical management is the same. Some experts 
WYKKIWX�HSMRK�E[E]�[MXL�XLI�HMJJIVIRXMEXMSR�ERH�NYWX�YWMRK�XLI�XIVQ�
“anaphylactic.” 
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Self-Education and Evaluation

SEE Question
Which of the following is MOST likely true regarding etomidate?

T  (A)  The median lethal dose to median effective dose ratio (LD50/ED50 ratio) is signi!cantly higher than other general 
anesthetics (i.e., there is a larger margin of safety).

T  (B)  Etomidate effectively blocks the sympathetic response to laryngoscopy.

T  (C)  An induction dose of etomidate is as likely to cause apnea as an induction dose of propofol.

T  (D)  Etomidate is a gamma-aminobutyric acid (GABA) receptor antagonist.

 

 One measure of the safety of a drug is its LD50/ED50  
ratio. A drug has a large margin of safety if the LD50 is 
many times higher than the ED50. Etomidate has a high  
LD50/ED50 ratio. Early studies of etomidate in rats found 
that it had a favorable ratio of approximately 12 and later 
work suggested it may be as high as 26. In comparison, the  
LD50/ED50 ratio for barbiturates ranges from three to five.  
The safety of etomidate administration is related to its  
minimal ability to cause hemodynamic instability and a  
tendency to maintain spontaneous breathing after admini-
stration of the drug.
 Etomidate does not directly affect sympathetic tone or 
depress myocardial function in normal volunteers. For this 
reason, etomidate is often the drug of choice in patients 
with ischemic heart disease, decreased ejection fraction or 
valvular heart disease. However, etomidate does not block 
the sympathetic response to laryngoscopy because it does not 
alter sympathetic tone. Generally, opioids are administered 
with an induction dose of etomidate to prevent tachycardia 
and hypertension during intubation. In addition, etomidate is 
associated with myoclonus, pain on injection, and nausea and 
vomiting. In patients with a high sympathetic tone, such as 
trauma patients with pain and hypovolemic shock, etomidate 

will decrease catecholamine production and may precipitate 
hemodynamic collapse. As with all induction agents in this 
situation, the cautious use of a reduced dose is recommended. 
 It is well established that the molecular target of  
etomidate is the GABA type A (GABAA) receptor. GABA 
is the major inhibitory neurotransmitter in the nervous 
system, and many anesthetics facilitate GABA effects either 
directly or indirectly. Etomidate positively modulates GABAA  
receptor activation by endogenous agonists, resulting in 
GABAA receptor activation at lower concentrations of  
GABA than would normally be required. Additionally, 
etomidate slows the postsynaptic current decay mediated 
by endogenous GABA, resulting in prolonged inhibition. 
Etomidate enhances activation of extrasynaptic GABAA 
receptors. Etomidate also has direct effects on the GABAA 
receptor and can act as an allosteric agonist, although this is 
generally seen at supraclinical dosages. 
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Answer: A
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