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ABSTRACT

Background: Previously reported incidences for intraoperative hypersensitivity reactions vary more than 15-fold. The goal
was to determine the incidence of intraoperative hypersensitivity events at a U.S. surgical center.

Methods: With institutional review board (Cleveland, Ohio) approval and waiver of written/informed consent, the anesthesia
records of adult patients undergoing noncardiac surgery from 2005 to 2011 at the Cleveland Clinic were queried using a
novel electronic search protocol developed to identify potential hypersensitivity reactions: cardiovascular collapse defined
as systolic arterial blood pressure less than 50 mmHg; administration of epinephrine; administration of diphenhydramine;
physician comments in the anesthesia record suggestive of hypersensitivity reactions; laboratory tests for histamine, tryptase,
or immunoglobulin-E within 24 h of surgery; and International Classification of Diseases, Ninth Revision, codes suggestive
of hypersensitivity reactions. Each electronically identified candidate chart was evaluated by an adjudication committee.
Hypersensitivity reactions were graded on a 5-point severity scale. From these data, the authors determined the proportion of
operations having adjudicated hypersensitivity reactions, and calculated the 95% exact binomial CIL.

Results: Among 178,746 records, 4,008 charts were identified by the search strategies. After adjudication, 264 hypersensitiv-
ity cases were identified. The overall incidence of hypersensitivity reactions was 1:677 surgeries, corresponding to 15 (95%
CI, 13 to 17) cases per 10,000 operations. The incidence of severe hypersensitivity reactions (grades 3 to 5) was 1:4,583, cor-
responding to 2 (95% CI, 2 to 3) cases per 10,000 operations.

Conclusions: The incidence of severe hypersensitivity reactions was similar to previous reports. However, the overall incidence
of hypersensitivity reactions was much greater than reported elsewhere, possibly because of a comprehensive search strategy.

(ANESTHESIOLOGY 2015; 122:551-9)

UILDING upon Emil von Behring’s (1854-1917)
and Louis Pasteur’s (1822—1895) vaccination work,

Paul Portier and Charles Richet' attempted to immunize ¢ The reported incidence of intraoperative hypersensitivity reac-
tions ranges from 1 in 1,480 to 1 in 10,000 anesthetics

e The methodological challenges of identifying, evaluating, and
: . . characterizing hypersensitivity reactions need to be addressed
toxin—and that subsequent tiny doses proved lethal.? This to estimate the true incidences accurately
new phenomenon was deemed anaphylaxis.

Anaphylaxis, defined as a severe hypersensitivity reac-
tion, may be mediated by immunoglobulin-E (IgE), termed ¢ A novel methodology combining electronic search strategies

and clinical adjudication was used to identify occurrences of

hypersensitivity reactions

What We Already Know about This Topic

dogs with purified sea anemone actinotoxin in 1902. The
paradoxical effect was that the animals were sensitized to the

What This Article Tells Us That Is New

immunologic, such as with B-lactam antibiotics,® but it

turns out that this is but one mechanism. Nonimmuno- e The overall incidence of hypersensitivity reactions identified
logic etiologies, such as with opioids and vancomycin,? and from the electronic records of 178,746 procedures performed
idiopathic etiologies* also contribute to hypersensitivity ?r;r:ioéégz patients was 1 In 677 and that of anaphylaxis was
reactions. Regardless of the mechanism, the clinical spec- o : - .

. R R e The incidence of anaphylaxis was similar to that reported in
trum ranges from benign urticaria to cardiovascular and previous studies but that of hypersensitivity reactions was
pulmonary collapse.’> Hypersensitivity reactions remain nearly seven times higher
concerning because the effects are generally unanticipated,
sometimes difficult to diagnose, and can have grave conse- hypotension and cardiac arrest to be the first clinical indica-

quences.6 It is not unusual, for example, for life-threatening tion of intraoperative anaphylaxis.&“

This article is featured in “This Month in Anesthesiology,” page 1A.
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The estimated incidence of intraoperative hypersensitiv-
ity reactions varies widely among studies ranging between
approximately 1 in 1,480 and 1 in 10,000° anesthetics,
with severe, life-threatening anaphylaxis ranging between 1
in 6,000" and 1 in 20,000'° anesthetics. Retrospective stud-

ies purport fewer incidences”!’

possibly due to limited data,
while prospective studies'? !4 benefit from established testing
and reporting protocols. Nonetheless, studies which estimate
incidences of voluntary self-reporting are still vulnerable to
underreporting.’> One epidemiological study has attempted
to lessen the underestimate by comparing multiple inde-
pendent reporting systems'®; however, it too was subject to
reporting bias. Accurate estimates of the true incidence will
need to address the methodological challenges of identifying,
evaluating, and characterizing hypersensitivity reactions.

The Cleveland Clinic possesses a comprehensive search-
able electronic database that combines complete intraop-
erative anesthesia records including hemodynamics and
medication administration, inpatient and outpatient labora-
tory results, diagnoses, and allergies. We developed a novel
methodology, combining electronic search strategies and
clinical adjudication, to identify occurrences of hypersensi-
tivity reactions.

Our primary goal was to identify potential instances of
hypersensitivity reactions, designated by clinical manifesta-
tions and interventions, and to determine the incidence and
severity of intraoperative hypersensitivity events in a large
U.S. surgical population. Secondarily, we assessed patient
characteristics associated with hypersensitivity reactions,

including the previously identified risk factors of sex,'”'8

muscle relaxants,!” and antibiotics.!$!?

Materials and Methods

Search Strategy

With the approval of the Cleveland Clinic Institutional
Review Board, Cleveland, Ohio, and waiver of written
informed consent, we assessed electronic records from
adult patients who had noncardiac surgery between April
2005 and December 2011 using the Cleveland Clinic Peri-
operative Health Documentation System. This registry
contains laboratory data, pharmacy data, discharge Inter-
national Classification of Diseases, Ninth Revision, codes,
and the complete electronic anesthetic records including
provider-entered free-text comments. During that period
120,242 patients had 179,621 noncardiac procedures, 28%
(n = 33,627) of patients had multiple surgeries and 875 sur-
geries were excluded from all analyses after retaining the first
10 surgeries per patient. We thus studied 178,746 proce-
dures performed on 120,242 patients.

Delphi Process

Ten senior anesthesiologists participated in a Delphi process
using the diagnostic clinical criteria for anaphylaxis proposed
by Sampson,” the most common treatments, and the most
common confirmatory tests as a starting point to develop
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independent search strategies to identify search criteria that
could be used to detect potential hypersensitivity reactions
in the electronic database.

Rationale for the Search Strategies

The Sampson criteria (hypotension, skin manifestations, and
airway compromise) were designed to identify reactions in
the nonoperative setting.” The hypotension criterion (sys-
tolic blood pressure <100 mmHg) is unsuitable for the intra-
operative period because transient hypotensive episodes are
not uncommon. Our Delphi team thus felt a lower sustained
threshold would be more appropriate.

The most common initial medications given to patients
suspected of having hypersensitivity reactions are diphenhydr-
amine and vasopressors depending on the severity. Epineph-
rine is the preferred vasopressor in suspected anaphylaxis,'!
with other vasopressors given as second-line treatments.

Comments are nonstructured fields and must be manually
entered in the anesthetic record. An extensive array of terms
must be queried to assess the variable documentation of reac-
tions. An expected nonhypersensitivity reaction, such as a
patient flushing after atracurium administration, is unlikely
to be manually documented. If documented, it would not
be deemed a reaction in the subsequent adjudication com-
mittee. Conversely, hypersensitivity reactions are unexpected
and thus unlikely to be completely unmentioned.

Perioperative immunological laboratory testing indicates
a clinician’s intention to diagnose a potential allergic reac-
tion. The values of histamine?' and tryptase’?® are time-
dependent; therefore, values in the normal ranges do not
necessarily negate a hypersensitivity reaction. Conversely, an
increased IgE level in patients with asymptomatic sensitiza-
tion is common.?* The diagnosis of anaphylaxis based on
clinical symptoms is valid regardless laboratory tests.?*

International Classification of Diseases, Ninth Revision,
codes may represent hypersensitivity reactions, but they are
not specific to the intraoperative period; therefore, presence
and timing of the reaction needs to be assessed in the subse-
quent adjudication process.

Identification of Episodes

The Delphi committee agreed that the following six responses
were reasonable search criteria to identify potential hyper-
sensitivity reactions:

1. Cardiovascular collapse, systolic blood pressure 20 to 50
mmHg for 3 min or more.
2. Intravenous administration of epinephrine.

bt

Intravenous administration of diphenhydramine.

4. Physician comments, free-text comments in anesthe-
sia record suggestive of a hypersensitivity reaction.
Specifically, we included “Preferred Terms” for index-
ing anaphylactic reactions from the Medical Diction-
ary for Regulatory Activity (Northrop Grumman, Los
Angeles, CA): allergic, allergy, anaphylactic, anaphy-
lactoid, anaphylaxis, asthma, blood pressure decreased,
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bronchospasm, cardiac arrest, cardiorespiratory distress,
cardiovascular insufficiency, chest discomfort, choking,
circulatory collapse, cough, cardiopulmonary resusci-
tation, dyspnea, edema, erythema, first use syndrome,
fixed eruption, flushing, hives, hypersensitivity, hyper-
ventilation, hypotension, Kounis syndrome, laryngo-
spasm, obstruction, pruritus, rash, reaction, respiratory
arrest, respiratory distress, respiratory failure, sensation
of foreign body, shock, sneezing, spasm, stridor, swell-
ing, swollen, throat tightness, urticaria, and wheezing.

5. Laboratory tests for histamine, tryptase, or IgE (total or
specific) within 24 h of surgery.

6. International Classification of Diseases, Ninth Revision,
codes suggestive of hypersensitivity reactions

* 693.0

Dermatitis medicamentosa, not otherwise

specified
* 782.62 Flushing
* 995.0  Other anaphylactic shock
* 995.27 Other drug allergy
* 995.3  Allergy, unspecified
* 995.4  Shock (due to) anesthetic.
Case Adjudication

We considered patients identified viz one or more of the
above search criteria as candidates for an intraoperative
hypersensitivity reaction. We subsequently compiled all
available resources including patient history, anesthesia
records, surgical reports, inpatient notes, laboratory data,
and outpatient consultations. These records were presented
to an adjudication committee consisting of three experi-
enced anesthesiologists.

Hypersensitivity Criteria. Two members of the adjudication
committee (L.S. and A.T.) independently evaluated each
candidate identified by the electronic search process for the
occurrence of a hypersensitivity reaction by clinical symp-
toms, arguably the principal factor in the evaluation of reac-
tions.?*?> The adjudicators used the classical clinical criteria
for anaphylaxis: mucocutaneous signs; airway compromise;
or significant reduction of blood pressure without plausible
alternative explanation (i.e., brisk blood loss).”!!

Treatment of these clinical symptoms by pharmacologic
means and confirmation by immunologic testing were used
as supporting evidence; treatment alone was insufficient
to assess a hypersensitivity reaction, and lack of immuno-
logical testing was insufficient to reject a hypersensitivity
reaction. We did not consider hypersensitivity reactions as
diagnoses of exclusion when we could not find a discern-
ible reason for treatment administrations; we still required
at least one classic symptom above. Symptomatic manifesta-
tions of preexisting conditions (such as an asthmatic having
postinduction bronchospasm) or exaggerated responses to
medications (such as an elderly patient) were not deemed
hypersensitivity reactions because they could reasonably be
attributed to other causes.
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Severity Grading of Hypersensitivity Reaction. The severity
of the hypersensitivity reaction was graded 1 to 5 correspond-
ing to minor, low severity, life-threatening symptoms, cardiac
or respiratory arrest, and death.!320?7 Severe reactions, grades
3 to 5, were considered and termed anaphylaxis. If there was
nonconsensus on hypersensitivity occurrence or grade, a final
determination was made by the third adjudicator (A.K.).

Statistical Analysis

Our primary goal was to estimate the incidence of intra-
operative hypersensitivity reactions and anaphylaxis. Our
secondary goal was to identify baseline and intraoperative
factors independently associated with hypersensitivity reac-
tions. In all analyses, the unit of observation was the opera-
tion rather than the patient, some of whom had more than
one operation.

We determined the proportion of operations having
adjudicated hypersensitivity reactions, and calculated its
95% exact binomial CI. We further assessed the relation-
ship between hypersensitivity reactions and all baseline and
intraoperative variables using a multivariable generalized
estimating equation logistic (i.c., logit link) model and com-
pound symmetry within-subject correlation structure. This
included the a priori specified interaction between sex and
use of a neuromuscular blocking agent, with significance
criterion of P value less than 0.10. All factors were forced
into the model regardless of statistical significance. Factors
were considered significant when P value less than 0.05/34
= 0.0015, using a Bonferroni correction for 34 potential
preoperative and intraoperative factors to maintain an over-
all significance level of 0.05. We a priori excluded steroids,
diphenhydramine, and vasopressors from our analytical
model because they are rarely implicated as causative agents
and more likely to be a false association due to their use as
treatments for hypersensitivity reactions. We assessed diag-
nostics for the generalized estimating equation model by
assessing the distribution of standardized “dfbeta” statistics
for each predictor variable, with the goal of identifying any
individual patient clusters (i.e., multiple surgeries on same
patient) having undue influence on the results.

SAS statistical software (SAS Institute Inc., Carey, NC)
was used for all analyses.

Results

We considered 178,746 surgeries for our analysis. The six
electronic search strategies described above yielded 4,008
(2% of the study population) candidate operations, all
of which were adjudicated for potential hypersensitivity
reactions (fig. 1). Table 1 details the number of candidate
patients identified by either 1, 2, 3, or 4 search criteria.
The Adjudication Committee determined that 264 (7%)
candidate operations were in fact hypersensitivity reactions
(table 1). Among the 4,008 cases that were each evaluated by
two anesthesiologists, only 27 were referred for adjudication
by a third investigator.
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Study Population
n=178,746

| | ]

Cardiovascular Epinephrine Diphenhydramine Physician Laboratory Tests ICD-8 Codes
Collapse Administration administration Comments
n=306 n=880 n=810 n=1655 n=13 n=687
| | | | | ]
Unique
Candidates
n=4,008
22%
| 1
Adjudication Adjudication
No Hypersensitivity Reaction Hypersensitivity Reaction
n=3744 n=264
93.4% 6.6%
Cardiovascular Epinephrine Diphenhydramine Physician Laboratory Tests ICD-9 Codes
Collapse Administration administration Comments
n=4 n=20 n=150 n=194 n=5 n=25
1.5% 7 6% 56 8% T735% 1.9% 95%

Fig. 1. Study population, identification of candidates, and adjudication results of 178,746 adult patients who had noncardiac
surgery at the Cleveland Clinic between April 2005 and December 2011. ICD-9 codes = International Classification of Diseases,

Ninth Revision.

Table 1. Unique Candidates |dentified by Search Criteria

Positive

Number of Categories that Hypersensitivity
Identified Candidate (n) Reactions

1 search category 3,701 148 (4.0%)

2 search categories 273 99 (36%)

3 search categories 32 16 (50%)

4 search categories 2 1 (50%)
Total of all search categories 4,008 264 (6.6%)

The overall incidence of hypersensitivity reactions was
1:677 surgeries, corresponding to 15 (95% CI, 13 to 17)
cases per 10,000 operations. Reaction severity was grade
1, 2, 3, and 4 in 67, 18, 10, and 5% of cases, respectively.
No patients died consequent to a hypersensitivity response,
and thus none of the reactions was deemed grade 5. The
incidence of anaphylaxis, severe hypersensitivity reactions
(grades 3 to 5), was 1:4,583, corresponding to 2 (95% ClI,
2 to 3) cases per 10,000 operations (table 2).

The mean age + SD was 56 + 16 yr and 53% were female in
cases without hypersensitivity reactions, while in the hypersen-
sitivity cases, age was 54 + 16 yr and 63% were female. Patients
who demonstrated and did not demonstrate hypersensitivity
reactions did not differ strikingly on distributions of American
Society of Anesthesiologists physical status classification, body
mass index, urgency case, or medical history (table 3).

In our multivariable model (table 3), factors that were
significantly associated with experiencing a hypersensitiv-
ity reaction after Bonferroni correction were type of surgery
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(P=0.001 overall), lower body mass index (odds ratio [99.8%
CI] of 0.86 [0.75 to 0.99] for a 5-unit increase), having pre-
existing allergies (1.4 [1.1 to 1.8]) and receiving hetastarch
(1.3 [1.0 to 1.6]). Use of neuromuscular-blocking agents was
not significantly associated with experiencing hypersensitivity
reactions (P = 0.034), and the relationship between neuro-
muscular blocking agents and hypersensitivity reactions did
not depend on sex (interaction P = 0.56). Our generalized
estimating equation model diagnostics looked good and did
not identify any influential data points or patient clusters.

Discussion

We identified hypersensitivity reactions in 1:677 patients,
and anaphylaxis in 1:4,583 patients. Anaphylaxis is relatively
easy to identify because of their impressive clinical presenta-
tions. Where we differ is in also identifying a large number
of minor-to-low severity cases which appear to have been
missed in many previous studies. Both incidences are greater
than previously reported,”!%13.1416.28-30 considerably greater
in total reactions, possibly due to differences in methodolo-
gies such as prospective voluntary reporting, dependence on
allergy clinic referrals, and geographic variations.

A systematic review of underreporting of adverse drug
reactions concluded that the most important source of
underreporting in voluntary systems is the reporting of only
severe adverse reactions.’! For example, a prospective Span-
ish study reported the incidence of perioperative hypersen-
sitivity reactions to be 1 in 10,263; however, 56% of the 32
reactions were severe.”’ In a 6-yr prospective study in Nor-
way,?? two thirds of reactions referred to the allergy clinic
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Table 2. Severity Grading Scale and Distributions of Reactions

Severity % of

Grade Definition (n)  Reactions

1 Cutaneous symptoms; a trivial problem, easily dealt 176 66.7% Incidence of ALL
with and not affecting the patient’s condition. hypersensitiv-

2 Measureable but not life-threatening symptoms; a 49 18.5% ity reactions
moderate difficulty, with some effect on the patient, (grades 1-5)
but of a low severity. 1:677

3 Life-threatening symptoms; a serious situation which 25 9.5% Incidence of SEVERE
is either very difficult to manage, or which causes a hypersensitivity reac-
serious deterioration in the patient’s state, and which tions/anaphylaxis
may or may not have postoperative consequences. (grades 3-5)

4 Cardiac and/or respiratory arrest. 14 5.3% 1:4,583

5 Death. 0 0%

were severe; a similar proportions were seen in a prospective
study by Malinovsky e 2/.'% in France which also excluded
patients without allergy skin testing.

Retrospective studies are not immune to reporting and
documentation limitations. A 17-yr retrospective study in
Australia of allergy clinic referrals reported that more than
half of reactions were severe.!® The response rate of a ques-
tionnaire-based retrospective study in Japan only yielded
a 15% response rate and a mortality rate of almost 5%.’
Clearly, previous methodologies favored reporting of severe
reactions. Our methodology differs markedly in that only
15% of the 264 reactions were severe (grades 3 and 4) and
no deaths (grade 5).

Mild reactions, severity grades 1 and 2, are subtle and are
obviously least likely to be identified. For example, clinicians
may easily overlook isolated minor responses such as cutane-
ous reactions covered by surgical drapes. The importance of
mild reactions is not the initial cutaneous reaction, but the
subsequent possibly escalating reaction upon reexposure to
the offending agent. Therefore, the mild reactions are not
unimportant in context of long-term patient safety, and
specific investigations dedicated to these reactions are war-
ranted. We were only able to identify many mild reactions
to the extent that clinicians included text comments in the
anesthesia records. We surely therefore missed some subtle
hypersensitivity reactions (that were presumably also missed
clinically); the true incidence is thus likely to be even greater
than we report. On the other hand, we are confident that
patients designated as having severe hypersensitivity reac-
tions truly did.

Laboratory testing for allergic reactions was rare, except
after anaphylaxis. Furthermore, as is usual, most purely labo-
ratory testing proved nondiagnostic. The causative agent was
usually nonobvious in our patients, and assigning causality
was complicated by the fact that anesthetized patients are
usually given many drugs—often more or less simultane-
ously. That is not to say that follow-up testing is without
merit; on the contrary, allergic testing using both laboratory
and skin tests is essential for diagnostic evaluation and ulti-
mately for patient safety. Interestingly, if we assume that the
patients for whom allergy testing was ordered would also be
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the same patients reported in a voluntary reporting system,
we would have estimated an incidence of 1 in 13,750; strik-
ingly similar to the Perioperative Anaphylactoid Reactions
Study Group’s reported incidence of 1 in 13,000%° using
postoperative testing criteria.

Physician comments proved to be the most useful search
criterion, identifying 74% of the cases eventually deemed to
be hypersensitivity reactions. However, it was also the least
efficient. A broad array of terms was queried to minimize
the number of missed hypersensitivity cases. Several cases of
negative statements were encountered (Z.e., “no rash noted”)
along with affirmative statements of past reactions not per-
taining to current surgery (z.c., “history of rash with opioids”)
resulting in 1,461 cases not deemed to be hypersensitivity
cases. Newer techniques of natural language processing that
consider context and word order in addition to text strings
may make queries of physician comments more useful.?®

The most efficient criterion was laboratory testing with 5
of the 13 tests (38%) adjudicated to be allergic anaphylaxis
cases. The negative cases identified by allergy laboratory test-
ing were found to be surgical evaluation of mastocytosis. The
lack of allergy testing makes us unable to comment, even
broadly, on the distribution of IgE-mediated versus non-
IgE—mediated reactions.

The restrictive search criterion for cardiovascular collapse
(systolic blood pressure 50 to 20 mmHg for 23 min) made
this strategy independently the least useful being positive in
only 4 of the 264 adjudicated hypersensitivity cases. Most
cases of hypotension were aggressively treated and lasted less
than 3 min. The electronic search criterion for epinephrine
boli identified 20 of the 39 severe hypersensitivity reactions,
though an additional 12 of the severe hypersensitivity reac-
tions proved through manual chart review of comments and
paper code sheets to have been given epinephrine boli. The
remaining seven cases were treated with other vasopressors
and/or started on epinephrine infusions. Advancement of
electronic code charting may make this search strategy more
useful in future studies. Interestingly, almost half of severe
reactions (46%) were also noted to have cutaneous symp-
toms, though mild symptoms may fail to be documented
during cardiac or pulmonary arrests.
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Table 3. Multivariable Associations between Baseline/Intraoperative Factors and Hypersensitivity

Nonhypersensitivity Hypersensitivity Multivariable Odds
Factor Cases (n = 178,482) Cases (n = 264) Ratio (99.85% CI)* P Value*
Number of patients 120,128 260
Age (yr) 56+16 54+16 0.91 (0.79-1.04)t 0.027
Female 53% 63% 1.14 (0.92-1.42) 0.054
Body mass index (kg/m?) 29+8§ 28+6 0.86 (0.75-0.99)t 0.0003%t
ASA class 0.92 (0.67-1.28) 0.44
0 0.6% 0%
1 5% 4%
2 39% 42%
3 47% 45%
4 8% 8%
5 0.2% 0%
6 0.05% 0%
Urgent case 5% 6% 0.87 (0.55-1.37) 0.32
General anesthesia 86% 96% 1.33 (0.73-2.40) 0.13
Type of surgery 0.0010
General 28% 34% Ref. =1
Vascular 8% 13% 1.38 (0.68-2.77) 0.15
Orthopedic 17% 13% 0.70 (0.34-1.43) 0.12
Neuro 13% 13% 0.94 (0.45-1.96) 0.78
Urology 14% 9% 0.72 (0.31-1.64) 0.20
Plastics 7% 11% 1.12 (0.52-2.39) 0.64
Gynecology 6% 5% 0.68 (0.27-1.74) 0.19
Other 8% 3% 0.34 (0.10-1.20) 0.007
Medical history
Asthma (pulmonary disease) 8.4% 8.7% 0.98 (0.69-1.41) 0.89
Atopy 0.13% 0.76% 2.35(0.74-7.52) 0.02
Coronary artery disease 13% 11% 0.95 (0.67-1.34) 0.64
Eczema 1.5% 1.1% 0.84 (0.33-2.15) 0.56
HIV/AIDS 0.25% 0.38% 1.29 (0.26-6.43) 0.62
Hypertension 44% 40% 0.99 (0.79-1.26) 0.94
Preexisting allergies 58% 76% 1.40 (1.10-1.79) <0.001%
Intraoperative medication
Colloids
Albumin 3% 6% 1.06 (0.70-1.63) 0.64
Hetastarch 33% 50% 1.29 (1.02-1.62) <0.001%
Neuromuscular-blocking agents 0.034
None 27% 13% Ref. =1
Depolarizing only 2% 3% 2.60 (0.62-10.9) 0.035
Nondepolarizing only 58% 69% 2.29 (0.80-6.56) 0.012
Depolarizing or nondepolarizing 13% 15% 2.10 (0.67-6.56) 0.039
Opioids 93% 96% 1.14 (0.69-1.91) 0.40
Sedatives
Propofol 87% 88% 1.00 (0.67-1.50) 0.97
Etomidate 3.9% 5.7% 1.09 (0.64-1.84) 0.61
Midazolam 47% 46% 0.98 (0.80-1.20) 0.77
Thiopental/methohexital 1.7% 3.0% 1.03 (0.54-1.96) 0.89
Local/regional anesthetics
Lidocaine 70% 74% 0.96 (0.73-1.25) 0.59
Other local anesthetics 8.5% 4.9% 1.05 (0.65-1.68) 0.75
Antibiotics
Ampicillin/sulbactam 7.7% 6.1% 0.79 (0.50-1.24) 0.096
Cefazolin 43% 33% 0.86 (0.66-1.14) 0.092
Ciprofloxacin 3.6% 7.6% 1.11 (0.68-1.82) 0.49
Clindamycin 2.8% 8.3% 1.49 (0.98-2.26) 0.0026
Gentamycin 1.9% 1.5% 0.93 (0.40-2.19) 0.79
Metronidazole 3.6% 8.3% 1.15(0.70-1.90) 0.37
Vancomycin 6.0% 14% 1.29 (0.91-1.82) 0.02
Other antibiotics 3.5% 6.4% 1.09 (0.68-1.74) 0.57
(Continued)
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Table 3. Continued

Nonhypersensitivity Hypersensitivity Multivariable Odds
Factor Cases (n = 178,482) Cases (n = 264) Ratio (99.85% CI)* P Value*
Not given neostigmine 62% 65% 1.74 (0.997-3.04) 0.0016
Length of surgery (h) 2.8[1.7,4.2] 3.6[2.3,5.1] 1.28 (0.96-1.71)t 0.007

Data are presented as mean + SD, median [25th, 75th quartile], or %.

*Multivariable generalized estimating equation model with logit link. 1Odds ratio was calculated for log2-transformed length of surgery (for every twofold
increase in hour), for 5-unit increase in body mass index, and 10-yr increase in age, respectively. £Significant if P < 0.0015 in multivariable model using
Bonferroni correction (i.e., 0.05/34 tests). §4.7% missing data points were replaced by the median body mass index in the model.

ASA = American Society of Anesthesiologists; depolarizing = succinylcholine; HIV/AIDS = human immunodeficiency virus/acquired immunodeficiency
syndrome; nondepolarizing = atracurium, cisatracurium, pancuronium, rocuronium, or vecuronium; opioids = alfentanil, fentanyl, hydromorphone, morphine,
remifentanil, or sufentanil; other anesthetics = bupivacaine, mepivacaine, or ropivacaine; other antibiotics = aztreonam, ceftriaxone, ceftizoxime, cefuroxime,

linezolid, oxacillin, piperacillin, or piperacillin/tazobactam.

Though our study was designed to evaluate the incidence
of hypersensitivity reactions, it appears to be the first study
with sufficient sample size to accurately assess associations
with various factors and hypersensitivity reactions.

Higher body mass index was associated with decreased
odds of hypersensitivity. It is possible that there were more
frail individuals in the hypersensitivity group which may have
had more previous exposures to medications leading to an
increased incidence of hypersensitivity reactions in this group.

High-molecular-weight hetastarch (6%), the only syn-
thetic colloid used at our institution, was significantly asso-
ciated with hypersensitivity reactions. Although plasma
expanders pose a potential for hypersensitivity reactions,
they appear to be rare.’* It is thus more likely that the vol-
ume expander was given to treat hypotension consequent to
a hypersensitivity reaction rather than causing the reaction.

Patients with preexisting allergies to medications were
more likely to experience an intraoperative hypersensitivity
reaction, cross-reactivity surely contributed to the incidence.
The structure—activity relationships which confer drug func-
tion may also predispose to hypersensitivity reactions.?>
Muscle relaxants show a significant amount of cross-reactiv-
ity as indicated by intradermal skin testing.*®

Muscle relaxants are a commonly reported trigger for
hypersensitivity ~ reactions,!®16:17:303237.38  particularly
nondepolarizing muscle relaxants.!®32373% Although the
association was not statistically significant after Bonfer-
roni correction in our study, with an odds ratio of 1.29
(99.85% CI,1.02 to 1.62; P = 0.006), previous large stud-
ies, such as an 8-yr survey on anaphylaxis in France, found
muscle relaxants to be the leading cause of anaphylaxis.!®
Interestingly, pholcodine—an agent implicated in cross-
reactively sensitizing patients to nondepolarizing muscle
relaxants®*—is commonly used in France,*’ but is a sched-
ule 1 controlled substance and practically unavailable in
the United States.*!

Our study population was 53% female, and 63% of our
adjudicated reactions occurred in women. Sex was not sig-
nificantly associated with reactions in our patients, but peri-
operative hypersensitivity reactions have many times been
reported to be more common in women, 618293238 possibly
related to sex hormones.®? Furthermore, women are more
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often reactive to neuromuscular blocking drugs than men,®

which is consistent with our trend shown in study.

The Cleveland Clinic is a tertiary surgical center; con-
sequently, many of our patients are of high medical acu-
ity and are more likely to have had previous operations
and to have been exposed to many drugs. Our patients
therefore may be at higher risk for hypersensitivity reac-
tions compared to first-time surgical patients presenting
to other surgical environments, leading to higher rates
of reactions at our institution. However, the Cleveland
Clinic was latex-free throughout the study period; it is
thus unlikely that any of the hypersensitivity reactions we
observed were triggered by latex. Hospitals that still use
latex may thus have an even greater overall risk of intra-
operative hypersensitivity reactions given that it is among
the most common causes of hypersensitivity reactions.!®
And of course other institutions use somewhat different
anesthetic approaches which may influence the incidence
of hypersensitivity reactions, including use of different
muscle relaxants and antibiotics.

Another limitation of our study is that we cannot
interpret associations that we observed in an inferential
manner since the exact timing of the hypersensitivity reac-
tions were not known in many cases (e.g., a rash under a
garment might be discovered toward the end of the case).
Statistically associated intraoperative variables must be
interpreted with caution, and causation should not be
assumed.

Moreover, our analysis includes many mild cases of
hypersensitivity, and the strength of associations with vari-
ous patient factors would presumably differ if that analysis
restricted to anaphylaxis per se. With only 39 severe reac-
tions, we could not conduct a multivariable analysis limited
to anaphylaxis. Morbidity of the hypersensitivity reactions
was beyond the scope of this initial investigation.

In summary, we developed a novel methodology for
evaluating hypersensitivity reactions and anaphylaxis
which is suitable for use with dense perioperative registries.
We found that the overall incidence of hypersensitivity
reactions to be 1:677 among 178,746 surgeries, with the
incidence of severe hypersensitivity reactions, anaphylaxis,

to be 1:4,583. While the incidence of anaphylaxis was
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similar to the total incidence reported in previous stud-
ies, the overall incidence of hypersensitivity reactions was
about sevenfold greater.
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