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Abstract
Background Most patients who report a penicillin al-
lergy can tolerate cefazolin, the preferred prophylaxis
in a total joint arthroplasty (TJA). Regardless, patients
with a reported penicillin allergy are less likely to receive
first-line perioperative antibiotics as a result of in-
accurate penicillin allergy documentation and miscon-
ceptions regarding cross-reactivity between penicillin
and cephalosporins. The over-reporting of penicillin
allergies and the safety of cephalosporins in patients

with reported penicillin allergies have been well estab-
lished throughout the evidence [13].
Questions/purposes The study sought to answer two
questions: (1) Do antibiotic stewardship interventions im-
prove adherence to appropriate prophylactic antibiotic us-
age in patients with a documented penicillin allergy
undergoing primary TJA? (2) What is the risk of allergic or
adverse reactions secondary to cefazolin use in patients
with a documented penicillin allergy?
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Methods This was a single-center, retrospective study of
orthopaedic patients older than 18 years who underwent a
primary elective TJA at a 261-bed community hospital.
The study had two periods: the preintervention period ran
from March 1, 2017 to August 30, 2017 and the post-
intervention period was from March 1, 2019 to August 30,
2019. A total of 396 patients with a history of a documented
penicillin allergy underwent a THA or TKA during the
study periods. After reviewing every fourth patient with a
history of a documented penicillin allergy who met study
inclusion criteria and excluding those patients who had a
codocumented cephalosporin allergy, a total of 180 pa-
tients with a documented penicillin allergy were evaluated
(90 patients in the preintervention group and 90 patients in
the postintervention group). To answer our first study
question, regarding whether antibiotic stewardship inter-
ventions improve adherence to appropriate prophylactic
antibiotic usage in patients with a documented penicillin
allergy undergoing primary TJA, we evaluated appropriate
antibiotic usage pre- and postintervention. To answer our
second study question, concerning the risk of allergic or
adverse reactions secondary to cefazolin use in patients
with a documented penicillin allergy, we reviewed signs of
allergic reactions in patients who received cefazolin for a
primary TJA and had a documented penicillin allergy.
Results Postintervention antibiotic use was more appro-
priate (91% [82 of 90] versus 54% [49 of 90], risk ratio 1.67
[95% confidence interval 1.37 to 2.04]; p < 0.01), partic-
ularly in patients with nonsevere allergy (preintervention:
47% [36 of 76] versus postintervention: 96% [76 of 79]; p <
0.01). No patients had signs of an allergic reaction related
to cefazolin, including eight patients with severe penicillin
allergy.
Conclusion A multifaceted antibiotic stewardship in-
tervention increased the appropriateness of antibiotic pro-
phylaxis in elective primary TJA. Patients with nonsevere
penicillin allergies, even those reporting hives or local
swelling, tolerated cefazolin. Antibiotic stewardship in-
terventions can be implemented across institutions to ex-
pand cephalosporin use in patients with a reported
penicillin allergy within orthopaedic TJA patients.
Level of Evidence Level III, therapeutic study.

Introduction

Beta-lactam antibiotics, specifically narrow-spectrum
cephalosporins, are the mainstay of surgical antibiotic
prophylaxis in total joint arthroplasty (TJA). The
International Consensus on Orthopedic Infections (ICM)
recommends a first- or second-generation cephalosporin as
the most appropriate perioperative prophylactic antibiotic
in patients undergoing a primary TJA (super majority,
strong consensus) [1]. Notably, cefazolin has a unique side

chain resulting in an extremely low rate (< 1%) of cross-
reactivity with penicillin [3, 7, 13]. However, patients
with a reported penicillin allergy are less likely to receive
first-line perioperative antibiotics as a result of in-
accurate penicillin allergy documentation and miscon-
ceptions regarding cross-reactivity between penicillin
and cephalosporins, directly impeding antibiotic stew-
ardship efforts [2, 7, 13].

Previous studies have examined delabeling penicillin
allergies before surgery; however, to our knowledge, there
is only one report in the evidence that evaluated changes to
institutional prophylaxis guidelines for patients with a
penicillin allergy that also provided evidence for safely
reducing the use of second-line antibiotics [9].
Furthermore, the effect on the orthopaedic population was
not detailed in this study [9]. Therefore, our current study
specifically evaluated the impact of antibiotic stewardship
interventions to improve guideline adherence in patients
with a reported penicillin allergy who were undergoing a
TJA. By improving guideline adherence, appropriate first-
line perioperative antibiotic prophylaxis should improve as
well. Before the guideline updates, a penicillin allergy re-
action of hives or local swelling was classified as a severe
allergy, and clindamycin or vancomycin were recom-
mended as second-line prophylaxis. Updated guidelines
redefined severe allergy (removed hives and local swelling)
and streamlined second-line prophylaxis to vancomycin
only based on high rates of Staphylococcal resistance to
clindamycin. Additionally, the ordering of prophylactic
antibiotics was centralized to a limited number of providers
on the perioperative care team, which minimized variation
and increased compliance to the revised guidelines. We
also aimed to add to current evidence by establishing the
safety and efficacy of cefazolin in the TJA population. By
assessing the risk of allergic or adverse reactions secondary
to cefazolin use we can advocate for the safe use of first-line
perioperative antibiotics in penicillin-allergic orthopaedic
patients.

Therefore, we asked two questions: (1) Do antibiotic
stewardship interventions improve adherence to appropriate
prophylactic antibiotic usage in patients with a documented
penicillin allergy undergoing primary TJA? (2)What is the risk
of allergic or adverse reactions secondary to cefazolin use in
patients with a documented penicillin allergy?

Patients and Methods

Study Design

This single-center, retrospective, quasi-experimental study
evaluated all orthopaedic patients older than 18 years who
underwent a primary elective THA or TKA for osteoar-
thritis at our institution from March 1, 2017 to August 30,
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2017 (preintervention) and from March 1, 2019 to August
30, 2019 (postintervention).

Data were collected through November 30, 2019. Patient
demographics included age, sex, race/ethnicity, BMI, reported
penicillin allergy and reaction severity (any patient reporting
both a nonsevere and a severe reaction was documented and
analyzed as severe allergy only), risk factors for methicillin-
resistant Staphylococcus aureus (MRSA), smoking history,
history of controlled or uncontrolled diabetes mellitus, and
immunosuppressive status (see Appendix 1; Supplemental
Digital Content 1, http://links.lww.com/CORR/A535).
Procedure data included procedure type, surgery length,
estimated blood loss, need for transfusion, and tranexamic
acid use. Antibiotic data included perioperative antibiotic,
appropriateness of dose and timing of perioperative antibiotic,
and use of postoperative antibiotics within and beyond 24
hours of the procedure.Appropriate antibiotics included the use
of cefazolinmonotherapy in patients with a reported nonsevere
penicillin allergy without MRSA risk factors, the use of
cefazolin plus vancomycin in patients with a nonsevere
penicillin allergy with MRSA risks factors, and the use of
vancomycin monotherapy for patients with a severe penicillin
allergy (regardless ofMRSA risk factors). Appropriate weight-
based dosing for cefazolin was defined as 2 g IV for patients
less than 120 kg and 3 g IV for patients at least 120 kg; dosing
for vancomycin was defined as 1 g IV for patients less than
80 kg and 1.5 g IV for patients at least 80 kg; previous dosing
recommendations for clindamycin were 900 mg IV regardless
of weight. Infection data included documented Clostridioides
difficile or surgical site infection (SSI) within 90 days of the
procedure. Allergy data included any documented signs of an
allergic reaction within 72 hours of the procedure in patients
who received cefazolin, type of allergic reaction documented,
medications used to treat allergic reactions, and whether an
allergy to cefazolin was added to the patient’s chart. Allergy
testing data included patients who had an appointment with or
were seen by allergy, immunology, and rheumatology (AIR)
within 60 days before their scheduled procedure, patients who
underwent penicillin skin testing or direct oral challenge, and
whether penicillin allergies were removed or added back to the
chart before or within 90 days after the procedure. The data
collected were used to compare differences in outcomes be-
tween the preintervention and postintervention groups.

Study Patients

Adult patients undergoing an elective primary THA or TKA
were identified through an electronic data query. Patients who
had a documented allergy to penicillins (for example, penicil-
lin, amoxicillin, ampicillin, nafcillin, amoxicillin/clavulanate,
piperacillin/tazobactam, or dicloxacillin) within 60 days before
the procedure and received at least one dose of a preoperative
antibiotic were included. Patient charts were manually

reviewed for eligibility basedon their documented allergy. SSIs
andC. difficile infectionswere identified through data collected
and provided by the infection prevention committee at our
institution. Patients were excluded if they had an active pros-
thetic joint infection or a cephalosporin allergy (that is, exhib-
iting rash, hives, or anaphylaxis). Patients with a cephalosporin
intolerance only (for example, experiencing nausea, vomiting,
or diarrhea) were included. Patients were also excluded if they
were receiving broad-spectrum antibiotics for another in-
dication at the time of surgery for which additional perioper-
ative prophylaxis was not indicated.

Stewardship Interventions

Five distinct changes constituted the stewardship interventions
in this study (Table 1). Our institution has guidelines regarding
antibiotics for surgical prophylaxis in adult patients and for
alternative prophylaxis in patients with a history of penicillin
reactions. The stewardship program, which includes an in-
fectious diseases physician and a pharmacist, updated the in-
stitutional guidelines between March 2018 and April 2019
(Table 2). The first update redefined severe allergy by re-
moving reactions such as hives and local swelling and reclas-
sifying these reactions as a nonsevere allergy.With this update,
cefazolin was the preferred perioperative antibiotic for ortho-
paedic procedures in patients with nonsevere penicillin aller-
gies (for example, skin rash, pruritus, urticaria/hives, local
swelling, other reactions not consistent with an immunologic
reaction), penicillin intolerance (such as, nausea, vomiting,
diarrhea, headache), or a remote history (> 10 years) of peni-
cillin exposure with an unknown reaction. Additionally, clin-
damycin was removed as an alternative prophylaxis
recommendation for patients with beta-lactam allergies due to
high local rates of Staphylococcus resistance. The guideline
also clarified that vancomycinmonotherapy should be reserved
for patientswith a history of a severe penicillin allergy (such as,
anaphylaxis, laryngeal edema, hypotension, Stevens-Johnson
syndrome, toxic epidermal necrolysis, hemolytic anemia,
vasculitis, neutropenia, or thrombocytopenia) and that vanco-
mycin and cefazolin combined is preferred for patients with
MRSA risk factors such as a history of MRSA infection, a
positive MRSA nasal screen, being on hemodialysis, or re-
siding in a chronic care facility. The infectious diseases and
orthopaedic groups agreed upon MRSA risk factors that ne-
cessitated the addition of vancomycin guided by ICM recom-
mendations. Guideline changeswere approved through several
institutional committees including a multidisciplinary com-
mittee with representatives from infectious diseases, ortho-
paedics, AIR, and pharmacy.

In addition to the institutional guideline changes, the
presurgical screening procedures were standardized; ad-
vanced practice providers (physician’s assistants and nurse
practitioners) and the perioperative medicine (anesthesia)
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team ordered antibiotics based on updated guidelines. An
orthopaedic physician served as a champion to educate
peers, specifically surgeons, on increased compliance.
Orthopaedic surgeons were encouraged to identify patients
reporting a severe penicillin or “questionable” cephalo-
sporin allergy at their outpatient preoperative appointment
and refer them to AIR for allergy evaluation before their
scheduled procedure in the hopes of delabeling erroneous
penicillin allergies. These decisions ensured adherence to
guidelines and consistency between surgeons.

A total of 396 patients with a history of a documented
penicillin allergy underwent a THA or TKA at Highland
Hospital from March 1, 2017 to August 30, 2017 (pre-
intervention) and from March 1, 2019 to August 30, 2019
(postintervention). Based on the screening method previously
described, 59% (106 of 180) of patients were evaluated in the
preintervention group and 55% (119 of 216) of patients were
evaluated in the postintervention group until 90 patients met
eligibility criteria in each group (Fig. 1). Eight percent (9 of
106) of patients in the preintervention group did not meet in-
clusion criteria, and 7% (7 of 97) of patients had a documented
cephalosporin allergy and were excluded. Seventeen percent
(20 of 119) of patients in the postintervention group did not
meet inclusion criteria, and 9% (9 of 99) of patients had a
documented cephalosporin allergy and were excluded. There
were no differences in demographic characteristics between the
pre- and postintervention groups except that there were more
females in the postintervention group (70% [63 of 90] versus
83% [75 of 90]; p = 0.03) (Table 3). Most patients were white
with a median age of 68 years (Table 3). TKA was the most
frequently performed procedure in each group (Table 4). At the
time of the procedure, 76 patients in each group had a non-
severe penicillin allergy. Rash was the most reported allergy in
both groups (49% [37 of 76] versus 37% [29 of 79]; p = 0.13)

(Table 5). Several patients reported multiple nonsevere reac-
tions to penicillin, including 13 patients in the preintervention
group and seven patients in the postintervention group. Four
patients in the postintervention group were referred to allergy
before their procedure for evaluation of their penicillin allergy.
Of the referred patients, twounderwent skin testing, and all four
patients underwent a direct oral challenge with amoxicillin.
Three patients had their allergy removed from the medical
chart, and all four patients received cefazolin for their proce-
dures. One patient who did not have their allergy removed had
reported an intolerance of nausea and vomiting to amoxicillin-
clavulanate. Fourteen patients in the preintervention group
reported severe penicillin allergies, as did 11 patients in the
postintervention group (p = 0.58). Anaphylaxis was the most
reported severe reaction in both groups (100%(14of 14) versus
91% (10 of 11); p = 0.38) (Table 5). There was no difference in
MRSA risk factors between groups (Table 3).

Primary and Secondary Study Outcomes

Our primary study goal was to evaluate whether antibiotic
stewardship interventions improve adherence to appropriate
prophylactic antibiotics in patients with a documented peni-
cillin allergy undergoing primary TJA. To achieve this, we
implemented several antibiotic stewardship interventions, in-
cluding institution guidelines and standardization of antibiotic
ordering across various orthopaedic surgeons as well as
assessed appropriateness of SSI prophylaxis, including drug
selection and dosing. We then evaluated the incidence of ap-
propriate antibiotic selection pre- and postimplementation of
the stewardship interventions. Our secondary study goalwas to
assess the risk of allergic or adverse reactions secondary to
cefazolin use in patients with a documented penicillin allergy.

Table 1. Stewardship interventions

Intervention Description

Guideline changes

Redefined severe penicillin allergy Hives and local swelling redefined as a nonsevere allergy

Updated second-line alternatives Removed clindamycin as alternative prophylaxis based on high rates of local
Staphylococcal resistance

Defined MRSA risk factors History of MRSA infection, a positive MRSA nasal screen, on hemodialysis, or residing
in chronic care facility

Multidisciplinary committee approval Guideline changes were approved by a multidisciplinary committee including
infectious diseases, orthopaedics, AIR, and pharmacy

Presurgical screening orders Advanced practice providers ordered antibiotics based on updated guidelines

Orthopaedic physician champion Provided education to peers, specifically surgeons for increased compliance

Preoperative referral to AIR Orthopaedic surgeons were encouraged to identify patients reporting a severe
penicillin allergy at their outpatient preoperative appointment and refer them to AIR
for allergy evaluation before their scheduled procedure in the hopes of delabeling
erroneous penicillin allergies

MRSA = methicillin-resistant Staphylococcus aureus; AIR = allergy, immunology, and rheumatology.
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We reviewed tolerability of cefazolin, including signs of al-
lergic reactions; actions taken in response to penicillin allergy,
including referral to allergy for consult and potential removal of
the allergy in patient chart.

Ethical Approval

Ethical approval for this studywaswaived by theUniversity of
Rochester Research Subjects Review Board. Approval was
waived based on a secondary research use of identifiable pri-
vate information or identifiable biospecimens exemption.

Statistical Analysis

We anticipated that approximately 2000 records would be
identified from the electronic data query. Based on data
showing that 10% of the US population reports a penicillin
allergy, we anticipated that 200 patients would have a
documented penicillin allergy [11]. Previous reports have
shown that patients with reported penicillin allergies re-
ceive cefazolin as a perioperative antibiotic about 12% to
27% of the time [1, 11]. In these studies, 10% to 18% of
patients reported hives and 6% reported swelling. Using
these numbers, we estimated that we would need

Table 2. Institutional guidelines for total joint arthroplasty antibiotic prophylaxis pre- and poststewardship intervention

Preintervention What type of reaction did the patient previously experience when receiving a penicillin product?

Nonsevere allergy

Rash

Pruritus

N/V

Headache

GI intolerance

Other reaction not consistent with an
immunologic reaction

Remote history of penicillin exposure and unsure
of reaction

Severe allergy

Urticaria/hives

Local swelling

Anaphylaxis

Laryngeal edema

Stevens-Johnson syndrome

Toxic epidermal necrolysis

Interstitial nephritis

Hemolytic anemia

Vasculitis

Neutropenia

Thrombocytopenia

Recommendation if any of the above:

Cefazolin

If high riska, add vancomycin

Vancomycin or clindamycin

Postintervention What type of reaction did the patient previously experience when receiving a penicillin product?

Nonsevere allergy

Urticaria/hives

Local swelling

Rash

Pruritus

N/V

Headache

GI intolerance

Other reaction not consistent with an
immunologic reaction

Remote history of penicillin exposure and unsure
of reaction

Severe allergy

Anaphylaxis

Laryngeal edema

Stevens-Johnson syndrome

Toxic epidermal necrolysis

Interstitial nephritis

Hemolytic anemia

Vasculitis

Neutropenia

Thrombocytopenia

Recommendation if any of the above:

Cefazolin

If MRSA risk factors presentb, add vancomycin

Vancomycin

aPatients colonized with MRSA and undergoing a procedure involving placement of implants or foreign material.
bHistory of MRSA infection, MRSA-screen positive, hemodialysis, patient resides in chronic care facility; N/V = nausea/vomiting;
MRSA = methicillin-resistant Staphylococcus aureus.
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approximately 90 patients in each group to detect a 20%
absolute difference with 80% power and an alpha < 0.05.
Of the approximately 200 records with a listed penicillin
allergy, every fourth patient was screened until 90 patients
in each intervention group was reached.

The primary outcome of adherence to appropriate pro-
phylactic antibiotic usage in patients with a documented

penicillin allergy undergoing primary TJA was evaluated
using the chi-square test. We analyzed the secondary
endpoints using Fisher exact or chi-square tests for cate-
gorical variables or the Mann-Whitney U test for contin-
uous variables. We analyzed normally distributed
continuous variables with a two-group t test. A p value of#
0.05 was considered statistically significant.

Fig. 1 Flow diagram detailing subjects enrolled in the study.
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Results

Improvement in Adherence After Intervention

Compared with the preintervention group, the post-
intervention group received more appropriate perioper-
ative antibiotics based on updated guidelines. Patients
were more likely to receive first-line perioperative pro-
phylaxis after our stewardship interventions (pre-
intervention: 54% [49 of 90], postintervention: 91% [82

of 90], risk ratio 1.67 [95% CI 1.37 to 2.04]; p < 0.01)
(Table 6). This was largely due to an increase in appro-
priate antibiotics for patients with nonsevere allergies
(47% [36 of 76] versus 96% [76 of 79]; p < 0.001) (Fig. 2).
However, there was no difference in appropriate pro-
phylaxis for patients with severe allergies in the post-
intervention group (64% [9 of 14] versus 55% [6 of 11];
p = 0.70). Most patients in each group received appro-
priate weight-based dosing (94% [85 of 90] versus 99%
[89 of 90]; p = 0.21).

Table 3. Patient demographics

Characteristic Preintervention (n = 90) Postintervention (n = 90)a p valueb,c

Female sex 70 (63) 83 (75) 0.03

Age in years, median (IQR) 67 (61-74) 68 (62-73) 0.49

BMI in kg/m2, median (IQR) 31 (27-34) 30 (27-36) 0.94

Race

White 96 (86) 89 (80) 0.16

Black 4 (4) 10 (9) 0.24

Other 0 (0) 1 (1) > 0.99

Smoking history 46 (41) 43 (39) 0.76

Diabetes mellitus 9 (8) 13 (12) 0.48

Controlled 6 (5) 12 (11) 0.26

Uncontrolled 3 (3) 1 (1)

Immunosuppressed 12 (11) 4 (4) 0.10

MRSA risk factord

History of MRSA 1 (1) 3 (3) 0.62

All statistics are expressed as % (n) unless otherwise stated.
aAllergy was delabeled by allergy, immunology, and rheumatology in three patients in the postintervention group before the
procedure.
bp < 0.05 by Fisher exact or chi-square for categorical variables or Mann-Whitney U test for continuous variables, respectively.
cNormally distributed continuous variables were analyzed using a two-group t test.
dNo patient in either group had a positive MRSA nasal screen, were on hemodialysis, or resided in a chronic care facility; MRSA =
methicillin-resistant Staphylococcus aureus.

Table 4. Surgical data

Surgical data Preintervention (n = 90) Postintervention (n = 90) p valuea,b

Procedure

TKA 49 (44) 42 (38) 0.37

THA 20 (18) 21 (19) 0.87

THA (anterior approach) 31 (28) 37 (33) 0.52

Tourniquet TKA 36 (16 of 44) 19 (13 of 68) 0.69

Length of surgery in minutes, median
(IQR)

144 (110-142) 128 (110-142) 0.007

Estimated blood loss in mL, median
(IQR)

150 (100-250) 200 (100-250) 0.10

Use of tranexamic acid 94 (85) 98 (88) 0.25

Need for transfusion 0 1 (1) > 0.99

All statistics are expressed as % (n) unless otherwise stated.
ap < 0.05 by Fisher exact or chi-square for categorical variables or Mann-Whitney U test for continuous variables, respectively.
bNormally distributed continuous variables were analyzed using a two-group t test; IQR = interquartile range.
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Risk of Allergic Reaction

Among the 180 patients with history of documented pen-
icillin allergy, 130 patients tolerated treatment with cefa-
zolin. Moreover, of the eight patients with documented
severe penicillin allergy, although the numbers were small
(four patients preintervention and four patients post-
intervention), no patients experienced an allergic reaction
to cefazolin. Only 1% [2 of 130] of patients received di-
phenhydramine for itching, likely not related to cefazolin
administration (Table 7).

Discussion

Inaccurate penicillin allergy documentation and misconcep-
tions regarding cross-reactivity between penicillin and cepha-
losporins results in patients with reported penicillin allergies
being less likely to receivefirst-line perioperative antibiotics [7,
11]. Improving adherence to appropriate perioperative pro-
phylaxis through antibiotic stewardship interventions and
confirming the safety of cefazolin in penicillin allergic ortho-
paedic patients will expand evidence for recommending first-
line prophylaxis across all TJA patients reporting penicillin
allergies. We demonstrated that straightforward antibiotic
stewardship interventions can quickly increase the use of ap-
propriate perioperative prophylaxis. These interventions can be
done safely in penicillin-allergic patients without evidence of
allergic reactions.

Limitations

This retrospective study has several limitations. One limita-
tion is the concern for loss of adherence to guidelines over
time. This was minimized through streamlining ordering of
prophylactic antibiotics to a limited number of providers on
the perioperative care team, which minimized variation.
Using perioperative antibiotic order sets makes selection of
appropriate antibiotics quick and easy for providers and fur-
ther reduces the risk of guideline deviations over time. The
periods included in the studywere consistent between groups,
but we were unable to include all months of the year to ac-
count for variation in the seasonality of infections and other
unseen variables. These variables had a limited effect on our
primary outcome and were minimized by including the same
time frames for both groups. Data also suggests warmer
months may be associated with infection; these months were
included in our study, and we did not report any infections
[12]. Regardless, our study was underpowered to detect dif-
ferences in infection rates, which is the main concern with
seasonal variation. There was not an adequate washout period
between the stewardship interventions period (March 2018 to
April 2019) and the start of data collection in the post-
intervention group.Despite this limitation,we quickly noticed
an increase in appropriate perioperative prophylaxis. Only a
small number of patients had their allergy evaluated by AIR
before their procedure, as education provided to the ortho-
paedic group about AIR referral was limited. We did not
observe any unexpected, harmful consequences with the

Table 5. Allergy data

Characteristic Preintervention (n = 90) Postintervention (n = 90) p valuea,b

Penicillin allergy removed before
procedure

0 3 (3) 0.25

Nonsevere allergyc 84 (76 of 90) 88 (79 of 90)d

Rash 49 (37 of 76) 37 (29 of 79) 0.13

Pruritus 5 (4 of 76) 5 (4 of 79) > 0.99

Hives 36 (27 of 76) 37 (29 of 79) > 0.99

Local swelling 9 (7 of 76) 4 (3 of 79) 0.33

Intolerance 16 (12 of 76) 20 (16 of 79) 0.54

Remote history and unknown 11 (8 of 76) 9 (7 of 79) 0.79

Severe allergye 16 (14) 13 (11) 0.67

Anaphylaxis 100 (14) 91 (10) 0.51

Laryngeal edema 0 9 (1) > 0.99

All statistics are expressed as % (n) unless otherwise stated.
ap < 0.05 by Fisher exact or chi-square for categorical variables or Mann-Whitney U test for continuous variables, respectively.
bNormally distributed continuous variables were analyzed using a two-group t test.
cMultiple allergy types were reported by some patients with nonsevere allergies.
dNonsevere allergy was delabeled by allergy, immunology, and rheumatology in three patients in the postintervention group
before the procedure.
eNo patient in either group had a documented allergic reaction of hypotension, Stevens-Johnson syndrome/toxic epidermal
necrolysis, hemolytic anemia, vasculitis, neutropenia, or thrombocytopenia.
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widespread use of cefazolin. Further study is warranted to
assess the cost-effectiveness of AIR referral versus cefazolin
challenge in patients with severe penicillin allergy. No pa-
tients in our study who received cefazolin in the setting of
severe allergy experienced anaphylaxis. The small sample
size precluded a robust analysis of the safety of cefazolin in
the setting of severe penicillin allergy. Although establishing
safety of cefazolin in severe penicillin allergies remains an
area of importance, we demonstrated the safety of cefazolin in
those patients who reported a nonsevere penicillin reaction,
including rash, hives, and local swelling, which constituents
most reactions in patients with reported penicillin allergies.
We demonstrated the safety of cefazolin in most patients
reporting penicillin allergies through properly classifying
hives and local swelling as nonsevere reactions. The inherent
limitations present in any retrospective study design apply,

but specifically related to this study, they include the accurate
documentation of allergic reactions, which cannot be assured.

Improvement in Adherence After Intervention

Use of appropriate perioperative antibiotic prophylaxis
improved after an antibiotic stewardship intervention.
Donà et al. [5] assessed appropriate perioperative antibiotic
prophylaxis for 24 months after the implementation of an
antimicrobial stewardship program involving clinical
pathways and education. The antimicrobial stewardship
program was found to be an effective and sustainable tool
for improving the correct use of perioperative antibiotic
prophylaxis. Similarly, Frenette et al. [6] also found that
antibiotic stewardship interventions improved overall

Table 6. Antibiotic use

Preintervention Postintervention Risk ratio (95% CI) p valuea,b

Appropriate use 54 (49 of 90) 91 (82 of 90) 1.67 (1.37 to 2.04) < 0.01

Nonsevere allergyc 47 (36 of 76) 96 (76 of 79)d 2.03 (1.60 to 2.59) < 0.01

Severe allergye 64 (9 of 14) 55 (6 of 11) 0.85 (0.44 to 1.65) 0.70

Appropriate timing 62 (56 of 90) 91 (82 of 90) 1.46 (1.23 to 1.74) < 0.01

With tourniquet 63 (10 of 16) 85 (11 of 13) 1.35 (0.87 to 2.11) 0.24

Appropriate dosing 95 (85 of 90) 99 (89 of 90) 1.05 (0.99 to 1.11) 0.21

All statistics are expressed as % (n) unless otherwise stated.
ap < 0.05 by Fisher exact or chi-square for categorical variables or Mann-Whitney U test for continuous variables, respectively.
bNormally distributed continuous variables were analyzed using a two-group t test.
cNonsevere allergy defined as urticaria/hives, local swelling, rash, pruritus, nausea/vomiting, GI intolerance, headache, other
reaction not consistent with an immunologic reaction, or remote history of penicillin exposure and unsure of reaction.
dAllergy was delabeled by allergy, immunology, and rheumatology in three patients in the postintervention group before the
procedure.
eSevere allergy defined as anaphylaxis, laryngeal edema, Stevens-Johnson syndrome, toxic epidermal necrolysis, interstitial
nephritis, hemolytic anemia, vasculitis, neutropenia, or thrombocytopenia.

Fig. 2 Graph of appropriate antibiotic use pre- and postintervention.
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conformity to a cardiothoracic surgery prophylaxis pro-
tocol by 46.8% over a 5-year period. Therefore, the mul-
tifaceted stewardship intervention presented in this study
with updated institutional guidelines, a limited number of
providers ordering antibiotics, an updated perioperative
antibiotic order set, and provider education helps to protect
against deviations or decreased adherence across time.
Adherence to appropriate perioperative antibiotic pro-
phylaxis for TJA is an area of concern as cefazolin is less
likely to be given to TJA patients with a reported penicillin
allergy compared with patients without a reported peni-
cillin allergy [7, 14]. Patients receiving cefazolin compared
with alternative antibiotics have a reduced risk of prosthetic
joint infections [15]. The dose and timing of antibiotic
administration also influences SSI risk. By increasing
cefazolin usage, appropriate timing is inherently influenced
as cefazolin is given as an IV push while vancomycin is
infused in a dose-dependent manner, typically over 60 to
90 minutes, which can be logistically challenging.
Furthermore, Kheir et al. [8] found that vancomycin is
frequently underdosed. We observed an increase in ap-
propriate antibiotic timing in the postintervention group
as a result of increased cefazolin use. In general, use of
second-line antibiotics results in an increased risk of side
effects including vancomycin-resistant Enterococcus
(VRE) due to exposure to vancomycin and increased risk of
C. difficile due to clindamycin exposure [4, 10]. The rou-
tine use of vancomycin in addition to cefazolin for all pa-
tients undergoing TJA has been associated with the
development of acute kidney injury compared with cefa-
zolin alone without reducing SSI rates [7]. We were unable
to evaluate these effects because our study was not pow-
ered to detect any differences in SSIs or C. difficile rates
due to the small sample size and overall low rates of these
infections in the TJA surgery population.

Risk of Allergic Reaction

Previous authors have suggested cefazolin is safe for most
patients with nonsevere penicillin allergies, such as hives
and local swelling [3, 9, 13]. Our finding extends what is
known because no patients had an allergic reaction to
cefazolin in this study. Establishing documented

tolerability to cefazolin in patients with a documented
penicillin allergy will expand antibiotic options for any
future surgical prophylaxis or established infections (such
as pneumonia or cellulitis). Patients with severe penicillin
allergies could be referred for allergy consult to determine
whether cefazolin is a safe option. Other authors have
suggested that cephalosporins may be considered in the
setting of severe penicillin allergy, as data exist to support
the safety of this approach. One healthcare system removed
the warning in the electronic medical record to avoid
cephalosporins in patients with any type of penicillin al-
lergy. Following this change, there were no incidences of
anaphylaxis noted [11]. The safety of challenging severe
penicillin allergies using test doses of cefazolin in moni-
tored settings such as operating rooms is an area where
further data are needed.

Conclusion

Implementation of antibiotic stewardship interventions,
including updating institution guidelines, appropriately
classifying allergy reactions, and standardizing antibiotic
ordering across various orthopaedic surgeons, increased
appropriate perioperative prophylaxis in patients with
penicillin allergies. Patients with nonsevere penicillin al-
lergies, even those reporting hives or local swelling, can
tolerate cefazolin. Antibiotic stewardship interventions can
be implemented across institutions to expand cephalospo-
rin use in patients with a reported penicillin allergy within
orthopaedic TJA patients. Future prospective studies
should address ongoing questions of appropriate antibiotic
timing and infection rates. Additionally, further data re-
garding the safety of cefazolin in patients with severe
penicillin allergies would be helpful in guiding practice.
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