
Research Article

Documented Penicillin Allergies Should Not
Preclude Use of Preoperative Cefazolin in Hip and
Knee Arthroplasty

ABSTRACT

Introduction: Perioperative cefazolin administration for total joint

arthroplasty is a first-line antibiotic recommended by the American

Academy of Orthopaedic Surgeons (AAOS) guidelines for the

prevention of periprosthetic joint infections (PJIs). We aim to analyze

the clinical viability of giving patients with a documented penicillin

allergy (PA) a perioperative full-strength cefazolin “test dose” under

anesthesia.

Methods: This is a retrospective chart review of 2,451 total joint

arthroplasties from a high-volume arthroplasty orthopaedic

surgeon over a 5-year period from January 2013 through December

2017. This surgeon routinely gave patients with a documented

PAa full-strength cefazolin test dose while under anesthesia instead

of administrating a second-line antibiotic. The primary outcomes

examined were allergic reaction and postoperative infection.

Results: Cefazolin was given to 87.1% of all patients (1,990) and

46.0% of patients with a PA (143). The total rate of allergic reactions

among all patients was 0.5% (11). Only one patient with a documented

PA who received cefazolin had an allergic reaction. The reaction was

not severe and did not require any additional treatment. In patientswho

had no reported allergies and received cefazolin, 0.3% (6) had an

allergic reaction. There was no statistically significant difference in the

rate of allergic reactionwhen comparing patients with andwithout a PA

(P = 0.95). Patients receiving cefazolin had an overall PJI rate of 2.9%

(57) versus those patients receiving antibiotics other than cefazolin

who sustained a 5.5% PJI rate (16), which was statistically significant

(P = 0.02).

Conclusion: This study found that utilization of a full-strength test dose

of cefazolin in patients with a documented PA is a feasible, safe, and

effective way of increasing the rate of cefazolin administration and thus

mitigating the risk of PJIs.
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Infection after total hip arthroplasty (THA) and total
knee arthroplasty (TKA) is a devastating complica-
tion and a tremendous burden on patients and the

healthcare system.1,2 Perioperative antibiotic adminis-
tration is one of the cornerstones of prevention of per-
iprosthetic joint infection (PJI). Given increasing rates of
antibiotic resistance worldwide, proper antibiotic
selection and stewardship is of utmost importance.3 The
AAOS guidelines include cefazolin administration for
preoperative prophylaxis in total joint arthroplasty
(TJA) for its optimal coverage of skin flora including
gram-positive and gram-negative organisms.4 This rec-
ommendation is based on its ease of administration,
benign adverse effect profile, and low cost when com-
pared with other recommended antibiotics, leading to a
decreased infection rate comparably.5 One of the rea-
sons for failure to administer perioperative cefazolin is a
documented penicillin allergy (PA).6 Surgeons and an-
esthesiologists may use alternative antibiotics such as
vancomycin or clindamycin when a patient reports a
PA. In fact, cefazolin use has been reported to be 20% to
80% less in the setting of documented PA.7 The cov-
erage of these alternative antibiotics and their adverse
effect profile may not be as good as cefazolin. The 2019
John Charnley Award–winning study by Wyles et al8

found that patients who were administered cefazolin at
the time of surgery demonstrated statistically significant
increased 1-, 5-, and 10-year implant survivorship as
compared with the noncefazolin group.

Studies suggest that 5% to 10% of patients have a
documented allergy to penicillin (PCN) in their medical
record.9 It is sometimes unclear whether the documented
reaction was Immunoglobulin E (IgE)‐mediated, which
only occurs in 1.16% of individuals, or non–IgE-
mediated maculopapular reactions, which can be dela-
beled.10 Furthermore, adverse drug reactions such as
diarrhea, nausea, or emesis may be mischaracterized as
allergic reactions.11 In fact, one retrospective review of
adverse events related to prophylactic cefazolin in TJA
patients reporting non-IgE reactions to PCN found no
allergic reactions in these patients.12 Attributing symp-
toms of concomitant viral exanthems of childhood to
allergic response to medication may have also compli-
cated allergy reporting.13 Moreover, more than 80% of
patients who had an acute IgE-mediated reaction to PCN
as children will no longer have detectable circulating IgE
antibodies 10 years later.12,14 The literature suggests that
patients reporting a PA are substantially less likely to
receive cefazolin (12%) compared with those patients

without a PA (92%) and at an increased odds ratio
(OR = 1.51) of sustaining a surgical site infection (SSI).5

Recent studies have questioned the validity of concerns
regarding cross-reactivity between penicillins and cepha-
losporins.15 Early concerns for cross-reactivity stemmed
from similarities in the chemical structure. Both pen-
icillins and cephalosporins contain a b-lactam ring,
which confers their antimicrobial activity, and a sulfur-
containing side ring. Penicillins contain a five-membered
thiazolidine ring, whereas cephalosporins contain a six-
membered dihydrothiazine ring. Furthermore, under
physiologic conditions, the b-lactam ring in penicillin
spontaneously unfolds, forming a highly antigenic and
free thiazolidine ring and penicilloyl group, whereas both
rings in cephalosporins rapidly degrade rendering them
immunologically inert.15 Studies reporting cross-
reactivity as high as 10% between penicillin and
cefazolin have been subsequently attributed to bacterial
contamination and outdated preparation processes.12

Recent clinical studies in both adult and pediatric pa-
tients have also brought the clinical relevance of ceph-
alosporin cross-reactivity with PCN into question.12,14,15

Some authors have advocated for preoperative
screening programs to test for cross-reactivity to ceph-
alosporins.1 These may not be available in all clinical
settings. In addition, cephalosporin allergy skin testing
for immediate hypersensitivity has not been standard-
ized nor validated.16 Because most cephalosporin re-
actions are immediate in nature occurring within one
hour of administration, one promising strategy is to
administer an intravenous, full-strength “test dose”
while the patient is under monitored anesthesia care.
Given these risk-mitigating factors and in the interest of
antibiotic stewardship, we have decided to investigate
whether intraoperative administration of IV cefazolin is
clinically viable. We decided to investigate cephalo-
sporin administration in patients labeled with a PA
who did and did not receive a cephalosporin. We
hypothesize from the current literature that those
with a PA can safely be given a cephalosporin for
preoperative prophylaxis in hip and knee arthroplasty
in most instances. Furthermore, cefazolin administra-
tion will lead to decreased PJIs when given over second-
line antibiotics.

Methods
Data from all patients older than 18 years undergoing
primary and revision THA or TKA by a single
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arthroplasty fellowship-trained orthopaedic surgeon
over a 5-year period from January 2013 through
December 2017 based on a Current Procedural Termi-
nology (CPT) code query were included in this retro-
spective study. This study was approved by the
Springfield Committee for Research Involving Human
Subjects. Data collected included demographics, co-
morbidities, medication allergies, antibiotics adminis-
tered during surgery, and any allergic reactions that
occurred perioperatively. Postoperative infections were
also identified for comparison purposes.

Data were stratified and statistically analyzed based
on PA, whether the patient received cefazolin, and pri-
mary or revision surgery. The primary end points were
postoperative infection and allergic reaction. Additional
subgroup analysis comprised our secondary outcomes
including PA related to comorbidities and cefazolin
administration related to comorbidities. Independent
statistical analysis was conducted using SAS v9.4.
Descriptive statistics were computed for all variables.
Student t-tests were used to test for differences in con-
tinuous variables. Comparisons between categorical
variables were compared with the x2 test. Logistic
regression was used to determine notable predictors of
our outcome variables of interest. ORs with 95%
confidence intervals are reported. Multivariate logistic
regression was then used to adjust for covariates and
potential confounders on our outcome variables. Sig-
nificance was determined at the P , 0.05 level.

Results
Data from2,451procedures conducted during the 5-year
period were collected; 167 patients had incomplete
information leaving 2,284 procedures being included in
the analysis. There were 1,709 primary procedures (880
THA, 829TKA) and 575 revision procedures (246THA,
329 TKA). Of the revision procedures, 441 were for
aseptic reasons and 132 were for infection. There were
389 patients (17%) with a PA or cephalosporin allergy.
Of those, 310 had a PA; 57 had a cephalosporin allergy;
and 22 had both.

In total, 87.1% of patients (1,990/2,284) received
cefazolin as preoperative prophylaxis. A larger propor-
tion of patients who received cefazolin antibiotics were
male (46% versus 35%, P = 0.0004) and underwent
primary surgeries (77% versus 60%, P , 0.0001)
compared with those who did not. Most of the co-
morbidities were similar between those who received
cefazolin antibiotics compared with a second-line anti-

biotic; however, patients given cefazolin had a lower
percentage of pulmonary comorbidities (22% versus
31%, P = 0.0007; Table 2). A significantly higher
proportion of patients who received cefazolin were
observed in the no allergy group compared with those
with only a PA (1,809/1,894 and 96% versus 143/310
and 46%; P # 0.0001). Univariate regression analysis
showed that PCN allergy was a significant factor in
receiving cefazolin (OR 0.040; 95% CI, 0.029 to 0.055,
P , 0.0001). When adjusting for confounders of sex,
surgery type, and pulmonary comorbidities, PA remains
significant (OR 0.038; 95% CI, 0.028 to 0.053,
P , 0.0001). Sex and pulmonary comorbidity variables
were also associated with PA. A higher percentage of
females (65% versus 53%, P, 0.0001) and pulmonary
comorbidities (35% versus 21% P # 0.0001) were
observed in the PCN allergy population compared with
the no allergy group. Age was also significantly higher in
the PCN population (67 versus 65, P = 0.0221; Tables 1
and 2).

The total rate of allergic reactions among all patients
was 0.5% (n = 11). Of those receiving cefazolin, 0.4%
(8/1,988) had an allergic reaction compared with 1.02%
(3/294) of those receiving second-line antibiotics; how-
ever, this was not statistically significant (P = 0.1596). A
significantly higher rate of allergic reactions was observed
in those with a PA (1.3%, n = 4/310) versus those who
reported no allergies (0.3%, n = 6/1,887; P = 0.04).When
controlling for confounders of age, sex, and pulmonary
comorbidities, those with a PA still remained at increased
risk of reaction versus those with no allergy (OR 4.0;
95% CI, 1.1 to 14.6). However, of the four patients with
PA who had an allergic reaction, only one was given
cefazolin. The reaction was not severe and did not require
any additional treatment. See Figure 1 for a graphic
representation of the allergic reaction rate by antibiotic
type and allergy status.

The periprosthetic infection rate was 3.2% of all pa-
tients (73). A significantly higher infection rate was
observed in revision arthroplasties (8.9%, 51 total, 21
THA, 30 TKA) compared with that in primary arthro-
plasties (1.3%, 22 total, 13 THA, 9 TKA; P , 0.0001).
The infection rate was not significantly different between
those with a PA compared with no allergy (7/307 [2
primary, five revision] versus 60/1,825 [18 primary, 42
revision] P = 0.3941). See Figure 2 for a comparison of
infection rates based on allergy status. Patients receiving
cefazolin had an overall PJI rate of 2.9% (57) versus
those patients receiving antibiotics other than cefazolin
who sustained a 5.5% PJI rate (16), which was statis-
tically significant (P = 0.02). Univariate regression
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analysis results showed decreased odds of developing a
PJI when cefazolin was administered versus second-line
antibiotics (OR 0.509; 95% CI, 0.288 to 0.899
P = 0.02). When adjusting for confounders of sex, sur-
gery type, and pulmonary comorbidities, cefazolin
administration was no longer significant in predicting PJI
(P = 0.2657), but primary surgery still had significantly
decreased odds (OR 0.144; 95% CI, 0.086 to 0.241,
P , 0.0001) (Table 3). See Figure 3 for comparison of
infection rates based on the antibiotic administered.

When looking at primary joint arthroplasty, 1.4%
(22/1,525) of those receiving cefazolin developed PJI

compared with those receiving other antibiotics (0%,
0/176), which was not significantly different (P = 0.16).
For revision surgery, there was a statistically significant
decrease in infection rates with cefazolin use (7.7%,
35/456) compared with other antibiotics (13.9%,
16/115) (P = 0.04). When separating this out even
further between aseptic and septic revisions, we can see a
clear difference in the infection rate when cefazolin was
used in aseptic revisions. Patients undergoing aseptic
revision who received cefazolin had a 6% infection rate
(22/367) compared with those who received second-line
antibiotics, who had a 12.3% infection rate (9/73). This

Table 1. Demographic and Comorbidity Frequencies for PA Including P-values Showing Significant Differences
Between Those With and Without PCN Allergy

Allergy

% No Allergies % PCN PNo Allergies PCN Total

Age Mean 6 SD 65.3 6 11.2 66.9 6 11.0 0.0221

BMI Mean 6 SD 31.7 6 6.0 31.4 6 5.8 0.4263

Sex
F 1,004 202 1,206 53 65

,0.0001
M 890 108 998 47 35

Joint
THA 947 143 1,090 50 46

0.2063
TKA 947 167 1,114 50 54

Type
Primary 1,437 220 1,657 76 71

0.0639
Revision 457 90 547 24 29

DM
No 1,523 242 1,765 81 79

0.421
Yes 368 66 434 19 21

PVD
No 1,841 297 2,138 97 96

0.2223
Yes 50 12 62 3 4

CKD
No 1,774 285 2059 94 92

0.2768
Yes 116 24 140 6 8

Liver
No 1,837 305 2,142 97 99

0.1123
Yes 54 4 58 3 1

CAD
No 1,554 243 1,797 82 79

0.1361
Yes 337 66 403 18 21

PULM
No 1,490 201 1,691 79 65

,0.0001
Yes 399 108 507 21 35

EtOH
No 1,513 260 1,773 80 84

0.0917
Yes 377 49 426 20 16

Tobacco
No 1,065 174 1,239 56 56

0.9899
Yes 825 135 960 44 44

Blood thinners
No 1,477 237 1,714 78 77

0.569
Yes 413 72 485 22 23

BMI = body mass index, PA = penicillin allergy, PCN = penicillin, THA = total hip arthroplasty, TKA = total knee arthroplasty, DM = diabetes
mellitus, PVD = peripheral vascular disease, CKD = chronic kidney disease, CAD = coronary artery disease, PULM = Document Pulmonary
Disease, EtOH = Document alcohol use.
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nearly approached significance with a P-value of 0.053.
Those patients undergoing revision for infectious causes
given cefazolin had a 14.8% infection rate (13/88)
compared with those who received second-line anti-
biotics, who had a 17.1% infection rate (7/41), which
was not statistically significant (P = 0.74). See Figure 4
for a graphic representation of the revision type and
infection rate based on antibiotic choice.

Discussion
Perioperative antibiotic selection for TJA at our in-
stitutions, like many, has evolved over recent years. As

evidence emerges, both demonstrating the superiority of
cefazolin in preventing prosthetic joint infection and
calling the risk of penicillin to cephalosporin allergic
cross-reactivity into question, we have made a concerted
effort tominimize the use of alternative antibiotics. It has
become our practice to administer a weight-based (2 to 3
g) full-strength test dose in the operating room while
monitored directly by anesthesia. This has raised safety
concerns for some surgeons and anesthesia providers.
The purpose of this studywas to evaluate the safety of the
full-strength test dose protocol in the face of penicillin
and cephalosporin allergies and to assess the risk of
infection for patients receiving cefazolin versus

Table 2. Demographic and Comorbidity Frequencies for Cefazolin Administration Including P-values Showing
Significant Differences Between Those Who did and did Not Receive Cefazolin as Antibiotic Prophylaxis

Antibiotic

PCefazolin Other Total % Cefazolin % Other

Age Mean 6 SD 65.5 6 11.1 65.9 6 11.5 65.5 6 11.2 0.5793

BMI Mean 6 SD 31.7 6 6.0 31.9 6 6.4 31.7 6 6.0 0.6509

Sex
F 1,079 192 1,271 54 65

0.0004
M 911 102 1,013 46 35

Joint
THA 989 137 1,126 50 47

0.321
TKA 1,001 157 1,158 50 53

Type
Primary 1,532 177 1,709 77 60

,0.0001
Revision 458 117 575 23 40

DM
No 1,593 225 1,818 80 77

0.1737
Yes 393 68 461 20 23

PVD
No 1,934 280 2,214 97 96

0.0917
Yes 53 13 66 3 4

CKD
No 1,862 271 2,133 94 92

0.4092
Yes 124 22 146 6 8

Liver
No 1,932 290 2,222 97 99

0.0767
Yes 55 3 58 3 1

CAD
No 1,635 230 1,865 82 78

0.1169
Yes 352 63 415 18 22

PULM
No 1,540 201 1,741 78 69

0.0007
Yes 445 92 537 22 31

EtOH
No 1,594 248 1,842 80 85

0.0754
Yes 392 45 437 20 15

Tobacco
No 1,129 158 1,287 57 54

0.3462
Yes 857 135 992 43 46

Blood thinners
No 1,555 220 1,775 78 75

0.2161
Yes 431 73 504 22 25

BMI = body mass index, THA = total hip arthroplasty, TKA = total knee arthroplasty
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alternative antibiotics in the setting of primary and
revision total hip and knee arthroplasty.

The original reports of penicillin cross-reactivity with
first-generation cephalosporins suggested a rate of 3% to
18%. However, in the infancy of these cephalosporins,
manufacturing techniques caused trace amounts of pen-
icillin to be included in the drug.With today’s standards,
there is no longer any penicillin in cephalosporin anti-
biotics, and they have shown a much lower cross-
reactivity rate at less than 0.1%.12 Furthermore, recent
literature has shown that the structural difference

between penicillin and cefazolin side chains makes them
dissimilar enough to not indicate any cross-reactivity at
all, although allergic reactions to one beta-lactam can
confer an allergic reaction to other beta-lactams as an
independent hypersensitivity.15 This was shown in a
study by Romano et al16 where 3.2% of patients with a
IgE-mediated reaction to penicillin also had positive skin
test results to cephalosporins despite completely differ-
ent side chains. They also found that of 130 skin prick
test–positive PA patients, one patient had not only a
cephalosporin allergy but also an allergy to all beta-

Figure 1

Graph showing allergic reaction rate by antibiotic administered and allergy status and related P-values.

Figure 2

Graph showing PJI rate (%) of all patients/procedures reporting (1) PA, (2) cephalosporin allergy, and (3) no allergy. PA = penicillin
allergy, PJI = periprosthetic joint infection
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lactam antibiotics, which shows the possibility of a
different moiety causing a reaction besides the R side
chains.

Despite this, some guidelines recommend adminis-
tration of IV vancomycin or IV clindamycin in patients
with a documented major reaction to PCN.17 These
agents carry their own adverse effects, and their
overuse is associated with the emergence of resistant
organisms.13 Clindamycin has been associated with
Clostridium difficile infection while vancomycin
administration must be started before incision but
given slowly, which sometimes does not correlate with
full administration before incision. Vancomycin also
carries risk of nephrotoxicity and red man syndrome.
Cefazolin presents a lower risk to patients overall and
offers more specific microbe coverage compared with
the recommended alternatives vancomycin and/or
clindamycin. Minimizing the overuse of broad-
spectrum antibiotics in favor of targeted antibiotics is

better antibiotic stewardship. In light of newer studies
questioning penicillin-cephalosporin cross-reactivity,
the use of these agents in all patients with docu-
mented PA may be unnecessary. In a study assessing the
use of clindamycin and vancomycin in shoulder ar-
throplasty, clindamycin exhibited a hazard ratio of
3.45 when compared with cefazolin administration for
postoperative infection, whereas vancomycin did not
show a statistically significant increased risk of infec-
tion.18 A similar study focusing on vancomycin-only
administration in arthroplasty surgery showed no dif-
ference in deep SSI infection, a reduced odds of infec-
tion with gram-positive organisms (OR 0.25) and
antibiotic-resistant organisms (OR 0.10), but an
increased risk of infection with gram-negative organ-
isms (OR 2.42).19 The reporting of penicillin allergies
in a study by Blumenthal et al5 has shown a 23%
increased odds of Clostridium difficile infection, 30%
increased odds of vancomycin-resistant enterococcus

Table3. Multivariate Analysis Results ShowOR of Infection Based onCefazolin Administration Versus Second-Line
Antibiotics and Associated Patient Comorbidities

Multivariate Analysis-Infection OR 95% CI P

Antibiotics—cefazolin vs other 0.716 0.397-1.29 0.2657

Sex—F vs M 0.758 0.47-1.224 0.2573

Type—primary vs revision 0.144 0.086-0.241 ,0.0001

PULM—yes vs No 1.338 0.803-2.229 0.2632

OR = odds ratio

Figure 3

Graph showing PJI rate (%) in relation to (1) all procedures, (2) primary arthroplasty, and (3) revision arthroplasty and related P-values.
PJI = periprosthetic joint infection
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infection, and an OR of 1.5 for SSI simply based on the
choice of the physician to use an alternative to a beta-
lactam antibiotic.

Among prescribing physicians, the knowledge of the
extremely low allergic cross-reactivity between pen-
icillins and cephalosporins has been very low.One survey
showed that as many as 43% to 59% did not know the
correct cross-reactivity and that only 78% to 82% of
physicians prescribed a cephalosporin in patients with a
nonanaphylactic reaction to penicillin.6 The 2019 John
Charnley Award–winning study suggested improved
infection-free survivorship at 1, 5, and 10 years for
patients receiving cefazolin. Many studies have centered
around how to manage the patient labeled with a PA.
This “allergy” can vary from an adverse effect, mild
reaction, anaphylaxis, to severe delayed reaction
including toxic epidermal necrosis and Steven-Johnson
syndrome. Greater than 95% of patients labeled with a
PCN allergy can tolerate penicillin, and 99% of people
who undergo skin testing and oral challenge tests have a
negative result.11,20 This supports the claim that many
PCN allergies are miscategorized or incorrectly
reported. Furthermore, the allergic effect of PCN has
waned over 10 years after exposure in greater than 80%
of patients.21,22 Combining this with the fact that severe
reactions to PCN only occur 0.5% to 2% of the time
and that the R1 side chain of PCN and cefazolin differs
markedly brings the cross-reactivity down to less than
2% and makes the overall chance of severe reaction
extremely low.20 In our study especially, we focused on
cefazolin administration in light of PA because of mis-
nomers of allergic reaction, type of reaction, and

agreement among other team members, it was given
only 44.6% of the time in a patient with listed PA. This
is may be much higher than some institutions but still
lower than desired, which may be a weakness of this
study to identify total risk of allergic reaction and cross-
reactivity.

Preoperative allergy testing can reduce the cost burden
of PJI; however, it is difficult to do preoperative allergy
testing in some areas because of availability or physician
knowledge.23 Alternatively, a questionnaire validation
system has been developed that can quantify those at
risk of a severe reaction and in need of preoperative
testing versus those that can undergo a cefazolin test
dose intraoperatively.24 This includes the Penicillin
Allergy Decisional Rule (PEN‐FAST) questionnaire,
which can be used to produce a score that determines the
patient’s relative risk of reaction. The questions include
(1) PA, (2) reactions in past 5 years, (3) anaphylactic
reactions, (4) severe cutaneous reactions, and (5)
treatment of reactions. A score of three or more gave a
70.7% sensitivity, 78.5% specificity, and 96.3% nega-
tive predictive value. This can then be used to determine
who is safe for a challenge test to cefazolin.

Despite limitations, formal allergy testing can still play
an important role. Some studies recommend testing all
patients with reported PA. A joint task force comprising
the American Academy of Allergy, Asthma and Immu-
nology; the American College of Allergy, Asthma and
Immunology; and the Joint Council of Allergy, Asthma
and Immunology reported that a negative PCN skin test
is sufficient for cephalosporin administration without
additional testing whether the underlying concern was

Figure 4

Graph showing infection rate based on revision type—(1) aseptic and (2) septic—compared between administered antibiotics and
related P-values.
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the presence of a PCN allergy.25 Allergy testing can be
costly and time consuming because of the limited spe-
cialists, limited availability of testing, and patient
monitoring that needs to take place during the tests. The
cost has been estimated at $225.71, which pales in
comparison with PJI that can cost on average $27,870
for TKA and $34,445 for THA. Some authors suggested
there would only need to be a 0.61% and 0.66%
absolute risk reduction for TKA and THA, respectively,
to confer cost benefit of testing all patients with PA.23

Other studies, however, have contradicted this sug-
gesting that the number needed to treat to prevent one
infection would need to be between 112 and 124, which
brings the cost of testing almost equal to that of one PJI.5

Regardless of the cost, greater than 96% of patients who
undergo skin testing test negative. This in turn influ-
ences antibiotic administration and increases the use of
cefazolin considerably, which in and of itself decreases
the risk of PJI.

An even more simplified approach that has been sug-
gested and rarely described, which is the suggestion of
this study, is to give nearly all patientswith a PCNallergy
cefazolin preoperatively while monitored by the anes-
thesia team. This allows for prompt and adequate treat-
ment of any anaphylactic reactions including
bronchodilators, antihistamines, and oxygen to suppor-
tively treat a severe reaction. Those patients with a his-
tory of a severe delayed-type reaction with multiple
organ involvement should carry a high suspicion; should
ideally be identified in the clinic; and may benefit from
preoperative skin testing, oral challenge, and desensiti-
zation if necessary. This strategy increases cefazolin use,
without the time and expense of preoperative testing
while providing an optimal antibiotic regimen to prevent
SSI/PJI.

Overall, our cohorts of patients with and without PA
and thosewhodid anddid not receive cefazolinwere very
equally matched for risk factors of perioperative com-
plications. The overall primary arthroplasty infection
rate of 1.3% is in accordancewithUS norms, and that for
revision arthroplasty was 8.9%. Our study shows
decreased infection risks among TJA surgery when ce-
fazolin was given compared with second-line antibiotics
with 2.9% and 5.5% rates of infection, respectively
(P = 0.02). Although significance was lost with a mul-
tivariate analysis, there was still a decreased OR of
infection with cefazolin administration of 0.144 com-
pared with second-line antibiotics. We think that the
high number of patients receiving cefazolin in our study
compared with those receiving second-line antibiotics
led to relatively low power to detect a notable difference

in the rate of infection when multivariate analysis was
taken into account. Revision surgery is where cefazolin
administration affected infection rates the most where
8.3% had an PJI when given cefazolin versus 15.8%
with second-line antibiotics (P = 0.05). When taking
into account aseptic versus infection revision cases, there
was near significance in administration of cefazolin for
aseptic cases with a reduced infection rate of 6.0%
compared with 12.3% for second-line antibiotics
(P = 0.053). This concludes us to suggest that patients at
increased risk of infection and limited chances for suc-
cess may benefit from being given cefazolin as often as
possible. Allergic reaction among all comers was 0.5%.
Overall, patients with a PA were more prone to an
allergic reaction (OR 4.0), regardless of the antibiotic
type administered, with only one of the four patients
having a PA and allergic reaction to antibiotic at the
time of surgery receiving cefazolin. Interestingly, when
cefazolin was administered to people with no listed
allergies, there was a 0.4% rate of allergic reaction,
compared with a 1.2% rate of reaction with second-line
antibiotics (P = 0.15). This shows that second-line
antibiotic administration may not be any safer than
cefazolin administered preoperatively, sharing a similar
allergic reaction risk. Potential benefits may be seen in
reduced rates of infection and improved patient satis-
faction, outcomes, cost, and healthcare burden.

Limitations to this study include the shared decision
making in antibiotic administration at the time of surgery
between surgeon and anesthesia team. Because only
42.4% of patients with a documented PA received cefa-
zolin, this could be in part bymisunderstanding of actual
cross-reactivity of the members part of the multidisci-
plinary team or lack of prior identification of allergic
reaction specifics in the preoperative period. This study
focused on patients with a PA; however, there were some
patientswith a cefazolin allergy aswell; although thiswas
notwithin the scope of this study, these patientsmayneed
to undergo further testing before surgery to be adminis-
tered the best possible antibiotic in the fight against PJI.
This may be the focus of a future study.

Conclusion
A notable number of arthroplasty patients present with a
history of PA. Often, they are unaware of the inciting
eventwhen itwas diagnosed of the type of reaction, and it
is often unclearwhether the reactionwas IgE-mediated at
all. Although theremaybe small risk of cross-reactivity to
cephalosporins in patients with a PA, newer studies are
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showing this not to be true. Owing to this clinically
insignificant and misunderstood risk of allergic reaction,
second-line antibiotics are given frequently in place of
cefazolin during TJA. This is concerning because the
antibiotics have less efficacy against common infective
flora responsible for acute postoperative joint infections.
This study redemonstrates the increased risk of infection
in patients receiving second-line antibiotics versus cefa-
zolin for perioperative antibiotic prophylaxis. A post-
operative infection rate of 2.9% versus 5.5% when
cefazolin versus second-line antibiotics were used,
respectively, was statistically significant in our study
(P = 0.02). Although statistical significance was lost
with a multivariate analysis, a reduced OR of infection
of 0.144 was still maintained for cefazolin administra-
tion over second-line antibiotics. Revision surgery can
cause increased susceptibility to infection; in aseptic
revisions, cefazolin administration showed decreased
infection risk as well, which nearly approached statis-
tical significance (6.0% versus 12.3%, P = 0.053).
Furthermore, among patients given cefazolin despite
documented PA, only 1 (0.3%) had an allergic reaction,
which was self-limited and required no further care.
This study supports the superior protection against
postoperative infection in TJA of cefazolin over second-
line antibiotics. Despite PA, administration of cefazolin
preoperatively is safe and does not pose a notable risk of
adverse reactions for most patients. Identifying impor-
tant factors in a patient’s previous allergic reaction to
PCN in the form of preoperative questionnaires and
history can indicate which patients are safe for preop-
erative administration of cefazolin with anesthesia
monitoring and those who require further workup. Our
study shows that nearly half of the patients (42.4%)
with a PA were given cefazolin safely. However, there
still exists a dilemma in administration of cefazolin in all
patients with a PA because of multidisciplinary teams in
the operating room, shared decision making, and hesi-
tance based on allergic reaction history. From this, we
conclude that the benefits of cefazolin administration in
patients with a PA outweigh the risk of allergic reaction
or increased risk of infection associated with the
administration of an alternative antibiotic and most
patients can undergo safe cefazolin administration
without additional workup.
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