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ARTICLE INFO

Background: Cefazolin is a first-line prophylactic antibiotic used to prevent surgical site infections (SSIs) in
cardiac surgery. Patients with a history of penicillin allergy often receive less effective second-line antibi-
otics, which is associated with an increased SSI risk.
Objective: To describe the impact of preoperative penicillin allergy evaluation on perioperative cefazolin use
in patients undergoing cardiac surgery.
Methods: We performed a retrospective cohort study of patients with a documented penicillin allergy who
underwent cardiac surgery at the Massachusetts General Hospital from September 2015 to December 2018.
We describe penicillin allergy evaluation assessment and outcomes. We evaluated the association between
preoperative penicillin allergy evaluation and first-line perioperative antibiotic use using a multivariable
logistic regression model.
Results: Of 3802 cardiac surgical patients, 510 (13%) had a documented penicillin allergy; 165 (33%) were
referred to allergy and immunology practitioners. Of 160 patients (31%) who underwent penicillin allergy
evaluation (ie, penicillin skin testing and, if results were negative, an amoxicillin challenge), 154 (97%) were
found not to have a penicillin allergy. Patients who underwent preoperative penicillin allergy evaluation
were more likely to receive the first-line perioperative antibiotic (92% vs 38%, P < .001). After adjusting for
potential confounders, patients who underwent preoperative penicillin allergy evaluation had higher odds
of first-line perioperative antibiotic use (adjusted odds ratio, 26.6; 95% CI, 12.8-55.2).
Conclusion: Integrating penicillin allergy evaluation into routine preoperative care ensured that almost all
evaluated patients undergoing cardiac surgery received first-line antibiotic prophylaxis, a critical component
of SSI risk reduction. Further efforts are needed to increase access to preoperative allergy evaluation.

© 2020 American College of Allergy, Asthma & Immunology. Published by Elsevier Inc. All rights reserved.

Article history:

Received for publication February 10, 2020.
Received in revised form March 9, 2020.
Accepted for publication March 15, 2020.

Disclaimers: The content is solely the responsibility of the authors and does not

Reprints: Kimberly G. Blumenthal, MD, MSc, Division of Rheumatology, Allergy, and
Immunology, The Mongan Institute, Massachusetts General Hospital, 100 Cam-
bridge St, 16th Floor, Boston, MA 02114; E-mail: kblumenthal@mgh.harvard.edu.
Disclosures: Dr Blumenthal reports intellectual property rights to a clinical decision
support tool used institutionally for 8-lactam allergy at Partners HealthCare System,
which is licensed to Persistent Systems. The remaining authors have no conflicts of
interest to report.

https://doi.org/10.1016/j.anai.2020.03.013

necessarily represent the official views of the National Institutes of Health (NIH),
the American Academy of Allergy Asthma and Immunology (AAAAI) Foundation, or
the Massachusetts General Hospital (MGH).

Funding Sources: Dr Blumenthal receives career development support from the
NIH grant KO1AI125631, the AAAAI Foundation, and the MGH Claflin Distinguished
Scholar Award.

1081-1206/© 2020 American College of Allergy, Asthma & Immunology. Published by Elsevier Inc. All rights reserved.


mailto:kblumenthal@mgh.harvard.edu
www.sciencedirect.com/science/journal/10811206
https://doi.org/10.1016/j.anai.2020.03.013
https://doi.org/10.1016/j.anai.2020.03.013
https://doi.org/10.1016/j.anai.2020.03.013

2 J.H. Plager et al. / Ann Allergy Asthma Immunol xxx (2020) 1-6

Introduction

Every year in the United States, there are approximately 110,800
cases of surgical site infections (SSIs)." These infections not only
carry a mortality of 3% but also prolong hospitalization by a mean of
11 days per patient and cost the US health care system more than
$3.3 billion dollars annually.'® Because approximately half of SSIs
are considered preventable, evidence-based strategies to decrease
SSIs should be investigated and implemented.’

Although the use of perioperative prophylactic antibiotics de-
creases SSI risk, the choice of antibiotic and the time it is admin-
istered are also important factors in determining prophylactic
antibiotic efficacy.® Cefazolin, a first-generation cephalosporin, is
the preferred first-line perioperative antibiotic in most procedures
because of its ability to rapidly reach bactericidal concentrations
against common skin flora, including methicillin-sensitive Staphy-
lococcus aureus and Streptococcus species.”'? This is especially
pertinent in patients undergoing cardiac surgery because staphy-
lococci are the primary pathogens in both sternal and vein donor
site infections."> However, in the approximately 10% of surgical
patients who report a penicillin allergy, cefazolin is routinely
avoided because of fear of cross-reactivity, and instead second-line
antibiotics, including vancomycin, fluoroquinolones, and clinda-
mycin, are used in most cases.'”* Not only are these antibiotics
associated with higher odds of SSIs, they also have been associated
with multidrug-resistant organisms, increased rates of Clos-
tridioides difficile infection, and other adverse events.”' This sub-
optimal choice in perioperative antibiotic occurs despite cefazolin
having very low likelihood of cross-reactivity with penicillins (1%-
2%) and clinically significant penicillin hypersensitivity being rare
in patients reporting penicillin allergy histories (<5%).'®

Previous studies have found that patients with a documented
penicillin allergy have a 50% to 65% increased odds of SSI, entirely
attributable to the receipt of second-line perioperative antibi-
otics.”!” The objective of our study was to describe the impact of
preoperative penicillin allergy evaluation on first-line perioperative
antibiotic use in patients undergoing cardiac surgery.

3,802 Cardiac Surgery Patients —— >

Methods
Data Source

We performed a retrospective cohort study of patients with
reported penicillin allergy who underwent cardiac surgery at a
large Boston-based academic medical center from September 2015
to December 2018. During this time, as part of hospital quality
improvement initiatives, the cardiac surgery division began to
routinely refer patients scheduled for surgery with a penicillin al-
lergy history for testing on a case-by-case basis. We identified pa-
tients who underwent coronary artery bypass grafting (CABG),
aortic valve replacement (AVR), mitral valve (MV) replacement, MV
repair, CABG and AVR, CABG and MV replacement, and other car-
diac operations at our academic medical center using the Society of
Thoracic Surgeons database, the national clinical registry for car-
diac surgery.'”® We subsequently identified patients with a docu-
mented penicillin allergy history before their surgery date using
allergy module data from the electronic health record (EHR) data-
base. Documented penicillin allergy and the associated penicillin
reaction(s) were manually verified by one of us (J.H.P.).

Exposure

The exposure of interest was a preoperative penicillin allergy
evaluation, defined as outpatient or inpatient penicillin allergy
assessment. All penicillin allergy assessments were performed by
an allergy and immunology professional. Although this academic
medical center uses a standardized risk stratification tool to eval-
uate patients with penicillin allergy histories,"” all patients under-
going cardiac surgery were considered high-risk hosts given that
they have compromised cardiac anatomy that requires pending
surgical intervention; therefore, their evaluation began with
history-appropriate penicillin skin testing.

Penicillin skin testing was performed with epicutaneous (prick-
puncture) and intradermal steps with penicilloyl-polylysine (Pre-
Pen), penicillin G, histamine (positive control), and saline (negative
control). Patients with negative penicillin skin test results received
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Figure 1. Flow diagram of patients with a documented penicillin allergy undergoing cardiac surgery. *After assessing the drug allergy history, allergy and immunology
practitioners recommended that cefazolin be administered directly in 4 patients, and in 1 patient, testing was not recommended because of a recent penicillin reaction.
PInpatient with negative penicillin skin test results had drug challenge deferred by the primary care team.
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Table 1
Clinical Characteristics of Patients With Penicillin Allergy Undergoing Cardiac Surgery
Characteristic Penicillin allergy evaluation No penicillin allergy evaluation P value
(n = 165 [32%]) (n = 345 [68%])
Demographics
Age, mean (SD), y 63 (13) 65 (14) 13
Sex 23
Male 82 (50) 191 (55)
Female 83 (50) 154 (45)
Race .79
White 149 (90) 311 (90)
Black 4(2) 7(2)
Hispanic 2(1) 6(2)
Asian 4(2) 4 (1)
Other 6 (4) 17 (5)
BMI, mean (SD) 29.4(7) 29.2 (6) .38
Surgical details
ASA class .06
Il 7 (4) 7(2)
| 105 (64) 196 (57)
v 53 (32) 136 (39)
\'% 0 6(2)
Type of operation <.001
CABG 28 (17) 139 (40)
AVR, MV replacement, or MV repair 63 (38) 47 (14)
CABG and MV replacement or AVR 9(5) 24 (7)
Other 65 (39) 135 (39)
Status of surgery <.001
Elective 139 (84) 144 (42)
Urgent 25 (15) 173 (50)
Emergency 1(1) 28 (8)
MRSA colonization 6(4) 10 (3) .65
VRE colonization 5(3) 17 (5) 48
Allergy history
Penicillin allergy
Rash 63 (38) 104 (30) .07
Urticaria 44 (27) 60 (17) .015
Gastrointestinal symptoms 5(3) 54 (16) <.001
Angioedema or swelling 18 (11) 27 (8) 25
Anaphylaxis or hypotension 7 (4) 18 (5) .63
Itching or flushing 11 (7) 10 (3) .04
Shortness of breath 4(2) 6(2) .60
Acute interstitial nephritis 0 (0) 2 (<1) 33
Other 8(5) 35(10) .04
Unknown 27 (16) 72 (21) 23
Cephalosporin allergy 15 (9) 30(9) .88

Abbreviations: ASA, American Society of Anesthesiologists; AVR, aortic valve replacement; BMI, body mass index (calculated as weight in kilograms divided by the square of
height in meters; CABG, coronary artery bypass graft; MRSA, methicillin-resistant Staphylococcus aureus; MV, mitral valve; VRE, vancomycin-resistant Enterococcus.
NOTE. Data are presented as number (percentage) of patients unless otherwise indicated.

500 mg of amoxicillin and were monitored for an hour. If no
penicillin allergy was identified, the penicillin allergy diagnosis in
the EHR was deleted, and the allergist’s note indicated that (1)
there was no penicillin allergy, and (2) cefazolin could be used
preoperatively. The allergist’s note was communicated electroni-
cally to the referring health care professional when signed.

Outcomes

The primary outcome was first-line perioperative antibiotic
prophylaxis; for all cardiac operations considered, this prophylaxis
was defined as cefazolin administered from 1 hour before surgery
until the end of surgery.!” Of note, even for patients with
methicillin-resistant Staphylococcus aureus (MRSA) colonization,
cefazolin is recommended (along with vancomycin)."’

We considered hospital length of stay, defined as the total
number of hospital days for the patient encounter that included the
cardiac surgery, as a secondary outcome. The hospital length of stay
was calculated as an integer value by subtracting the admission
date from the discharge date. In addition, SSIs were also considered
as a secondary outcome and were defined according to the Centers
for Disease Control and Prevention’s National Healthcare Safety

Network definitions and included all types: superficial, deep, and

organ space.!

Covariates and Confounders

Age, sex, and race were identified from the EHR demographic
section. Body mass index (BMI) was calculated from height and
weight assessments at the time of surgery. American Society of
Anesthesiologists (ASA) class was identified from the preoperative
anesthesiology visit and documented according to established
guidelines.?” Resistant organism colonization was identified using
EHR flags for patients with MRSA and vancomycin-resistant
Enterococcus (VRE) at the time of surgery, which were maintained
by the facility’s infection control staff. Documented cephalosporin
allergy was identified from the allergy module, considering the
allergy history before the surgery date. Surgery type and status
were identified from the Society of Thoracic Surgeons database
according to standard definitions.'®

Statistical Analysis

Continuous variables were presented as means (SDs) or medians
(interquartile ranges), as appropriate. Categorical variables were
presented as number (percentage). We compared patient and
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Table 2

Univariable Assessment of Preoperative Penicillin Allergy Evaluation on Clinical Outcomes

Outcome Total patients with penicillin Penicillin No penicillin allergy P value
allergy history (N = 510) allergy evaluation (n = 165) evaluation (n = 345)

First-line perioperative antibiotic used, n (%) 284 (56) 152 (92) 132 (38) <.001

Hospital length of stay, median (IQR), d 9 (6-14) 8 (5-11) 10 (7-16) <.001

Surgical site infection, n (%) 13 (2.6) 3(1.8) 10 (2.9) 47

Abbreviation: IQR, interquartile range.

procedure characteristics in patients with a penicillin allergy his-
tory who did and did not undergo preoperative allergy evaluation
using the ¢ test for continuous variables and the y? test for binary or
categorical variables. A multivariable logistic regression model was
used to evaluate the association between penicillin allergy evalu-
ation and first-line perioperative antibiotic use. The Wilcoxon rank
sum test was used to compare median length of stay between pa-
tients with a penicillin allergy who underwent preoperative allergy
evaluation and those who did not. We reported odds ratios with
95% ClIs for first-line perioperative antibiotic use. All P values were
2-sided with P < .05 considered statistically significant. Statistical
analyses were performed in SAS software, version 9.4 (SAS Institute
Inc, Cary, North Carolina).

Results
Cohort Description

A total of 3802 patients underwent cardiac surgery from
September 2015 to December 2018 (Fig 1). Of those, 510 (13%) had a
documented penicillin allergy, of whom 165 patients (33%) were
evaluated by allergy and immunology practitioners before their
surgery. Of these 165 patients, 160 (97% of those evaluated and 31%
of eligible) underwent penicillin allergy evaluation with skin
testing. There were 159 patients (99%) with negative skin test re-
sults, 158 of whom received an oral amoxicillin challenge (direct
oral challenge in 1 patient was deferred per the primary inpatient
team and not completed). A total of 154 patients (97%) with
negative skin test results tolerated the oral amoxicillin challenge,
with 149 (97%) having their penicillin allergy diagnosis appropri-
ately removed before surgery.

Patients who underwent penicillin allergy evaluation and pa-
tients who did not were of similar age, sex, race, BMI and ASA class
(Table 1). Among patients who underwent various types of cardiac
operations, patients who underwent a CABG were less likely to
have preoperative allergy evaluation (17% vs 40%, P < .001),
whereas patients who underwent valvular operations (AVR, MV
replacement, and MV repair) were more likely to have preoperative
allergy assessment (38% vs 14%, P < .001). Patients undergoing
elective operations were more likely to undergo preoperative al-
lergy assessment (84% vs 42%, P < .001), whereas those undergoing
urgent operations (15% vs 50%, P <.001) and emergency operations

Table 3
Multivariable Model of Preoperative Penicillin Allergy Evaluation Impact on Clinical
Outcome?

Outcome 0Odds ratio (95% CI)
Penicillin allergy No penicillin
evaluation allergy evaluation
First-line 26.6 (12.8, 55.2) 1.0 [Reference]

perioperative
antibiotic used

Abbreviation: CI, confidence interval.

2Adjusted for age, sex, race, body mass index, American Society of Anesthesiologists
class, surgery type, surgery status, resistant organisms, penicillin reaction, and
cephalosporin allergy.

(1% vs 8%, P <.001) were less likely to have a preoperative allergy
evaluation. There was no difference between VRE and MRSA colo-
nization frequency by exposure groups. Patients undergoing car-
diac surgery who underwent preoperative allergy assessment and
patients who did not had similar penicillin reactions recorded;
patients with gastrointestinal symptoms (3% vs 16%, P < .001) and
other reactions (5% vs 10%, P = .04) were less likely to undergo
preoperative allergy evaluation, whereas patients with urticaria
(26.7% vs 17%, P = .02) and itching or flushing (7% vs 3%, P = .04)
were more likely to have had preoperative allergy evaluation. There
were similar frequencies of documented cephalosporin allergy
histories between patients who underwent preoperative allergy
assessment and patients who did not.

Outcomes

Patients who underwent preoperative penicillin allergy evalu-
ation were more likely to receive the first-line perioperative anti-
biotic (92% vs 38%, P < .001, Table 2). Adjusting for age, sex, race,
BMI, ASA class, surgery type, surgery status, MRSA, VRE, penicillin
reaction, and cephalosporin allergy history, patients who under-
went penicillin allergy evaluation had higher odds of receiving the
first-line perioperative antibiotics than those who did not undergo
penicillin allergy evaluation (adjusted odds ratio, 26.6; 95% CI, 12.8-
55.2; Table 3).

Patients with penicillin allergy evaluation had shorter median
(interquartile range) hospital lengths of stay (8 days [5-11 days] vs
10 days [7-16 days], P < .001, Fig 2 and Table 2). In addition, SSIs
were rare in both groups (1.8% vs 2.9%, P = .47, Table 2).

Discussion

In this study, we identified that 13% of patients who underwent
cardiac operations had a penicillin allergy history. Patients who
underwent preoperative allergy evaluation were approximately 27
times more likely to receive first-line antibiotic prophylaxis with
cefazolin. Our study demonstrates the importance and impact of
incorporating preoperative penicillin allergy evaluation for patients
who require operations for which the perioperative antibiotic of
choice is cefazolin or another $-lactam to maximize SSI prevention
strategies.

We found that 92% of patients evaluated for penicillin allergy
received perioperative cefazolin, whereas just 38% of those not
evaluated by allergy and immunology practitioners received cefa-
zolin. Our prior study of more than 9000 operations performed
from 2010 to 2014 identified that just 12% of patients with a
penicillin allergy history received perioperative cefazolin.® In this
study, after controlling for baseline patient and procedure differ-
ences between groups, there was a large and significant 27 times
increased odds of cefazolin use in the patients who received allergy
and immunology assessment. This adjusted odds ratio is notably
higher than that found in a recent meta-analysis of 4 studies in
which penicillin allergy testing reduced non—@-lactam antibiotic
use compared with usual care by an odds ratio of 3.64."”

Although cefazolin is the first-line antibiotic recommended to
prevent SSIs in cardiac surgery, patients with a history of penicillin
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Figure 2. Length of hospital stay for patients with a documented penicillin allergy undergoing cardiac surgery.

allergy are less likely to receive cefazolin because of cross-reactivity
concerns, given a shared §-lactam ring.>?!

However, cefazolin has a unique side chain that results in low or
potentially even negligible cross-reactivity.”> Few studies specif-
ically address penicillin-cefazolin cross-reactivity; a meta-analysis
of 3 observational studies estimated that the absolute risk of
cross-reactivity to cefazolin in patients allergic to penicillin was
1.33% (95% CI, 0.19%-8.86%).'° Although the risk estimate is low, the
Cl is wide and the risk is not zero. Caution therefore is warranted
given that cefazolin is the most commonly identified cause of
perioperative allergic reactions in the United States,>> and periop-
erative allergic reactions not only cause patient distress and disrupt
hospital operations but also may necessitate postponing or
rescheduling of the surgery.

Although preoperative allergy and immunology evaluation was
tremendously effective in optimizing prophylactic antibiotics in
those who were evaluated, only one-third of patients undergoing
cardiac surgery with a history of penicillin allergy underwent a
preoperative allergy assessment, and there was a notable dimin-
ishing frequency in penicillin allergy evaluation in urgent and
emergency operations (15% and 1%, respectively). For preoperative
penicillin allergy assessment programs to be maximally effective,
increased testing access, particularly when patients are hospital-
ized and operations are not elective, is critical, especially because
SSI risk is higher for urgent and emergent procedures.’* Although
feasible to implement penicillin skin testing for inpatients gener-
ally,”® inpatients awaiting cardiac surgery have a crowded time-
limited window during which required preoperative tests, such as
dental radiography, vein mapping, and carotid ultrasonography,
must be performed.”® As an alternative, one could consider per-
forming a test dose or drug challenge rather than skin testing;

however, the risks and benefits would need to be weighed given
the potential consequences of precipitating a true allergic reaction
in an unstable patient awaiting cardiac surgery. Improved uptake
might be achieved by establishing dedicated drug allergy clinics.?’
Improved uptake might also be facilitated through EHR in-
novations; for example, McDanel et al?® described an EHR alert that
triggered allergy consultation when a patient with a documented
B-lactam allergy checked into the surgical clinic.

A penicillin allergy label has implications for clinical decision
making beyond patients’ immediate perioperative antibiotic deci-
sion. Indeed, an unverified penicillin allergy diagnosis is associated
with increased MRSA, C difficile infection, and overall mortality.?*3°
As such, an upcoming surgery might be considered a good oppor-
tunity to address penicillin allergy histories that have never been
questioned, and the testing provided (if results are negative and the
patient’s penicillin allergy label is removed) might improve indi-
vidual and public health outcomes beyond the perioperative and
postoperative period.>! In our study, 97% of patients with negative
penicillin allergy test results had their penicillin allergy label
removed. Although this is higher than that reported in other
studies (72%-95%),'%3? allergy specialists erroneously left a peni-
cillin allergy label for 6 patients who underwent cardiac surgery. To
increase label removal to 100%, the EHR allergy module needs
modification and potentially a testing section that can clearly
communicate test results and recommendations.

Although we included only patients undergoing cardiac surgery
in this study, our results are likely generalizable to the broader
surgical population for whom cefazolin, or another §-lactam anti-
biotic, is the first-line perioperative antibiotic.'%?! We studied only
1 method of penicillin allergy evaluation in this study (ie, history-
appropriate penicillin skin testing, followed by amoxicillin
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challenge if the skin test result was negative). We are therefore
unable to speak to the impact of alternative penicillin allergy
evaluation models or methods, such as an allergy history tool or a
direct amoxicillin challenge. However, a prior study>® identified
that a structured history tool alone increased perioperative (-lac-
tam use in patients with a penicillin allergy from 18% to 57%. In
addition, given that this specific population is a high-risk group
awaiting cardiac surgery, a direct amoxicillin challenge strategy is
not without risk.'** We captured only allergy and immunology
evaluations that occurred within our health care system; however,
if patients received a penicillin allergy assessment outside our
health care system and were miscategorized in our study, this
would have biased our study toward the null hypothesis, thus
making our findings more conservative. Finally, although our study
was powered to detect the large expected difference in first-line
perioperative antibiotic use, we were underpowered to detect dif-
ferences in hospital length of stay and SSIs. We will reassess these
important outcomes as we continue our perioperative penicillin
allergy evaluation programs.

In conclusion, SSIs have enormous clinical and economic con-
sequences. Although studies have found that patients with a
penicillin allergy have 50% higher odds of SSIs attributable to
perioperative antibiotic choice, our study highlights that allergist-
driven preoperative penicillin allergy assessment, which con-
sumes only a few hours of patient time and carries only a modest
cost, can significantly and substantially increase the use of first-
line perioperative antibiotics.
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