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Abstract

Background: Penicillin (PCN) allergy is reported in 10% to 20% of the
population; studies show that only 1% to 3% of patients have a true
allergy. Most patients reporting a PCN allergy receive second-line
antibiotic prophylaxis preoperatively, which raises concerns about
antimicrobial efficacy. Studies also suggest that second-line
antibiotics may increase the rate of surgical site infection (SSI). In this
study we aim to analyze the effect of PCN allergy on antibiotic type
prescribed and SSI in our total joint arthroplasty population.
Methods: A retrospective review of 4,903 primary total hip and total
knee arthroplasty performed from January 2015 to June 2017 in a
single institution. A detailed chart review was performed to identify
reported reactions and antibiotic prescribed.

Results: Seven hundred ninety-six patients (16.2%) reported a PCN
allergy; the reactions were classified into three tiers. Six hundred
fifteen patients (12.5%) reported an IgE-mediated allergy,
hypersensitivity, or a possible allergy; 89 (1.8%) reported an adverse
effect; and 92 (1.9%) had an unknown reaction. Patients reporting a
PCN allergy were less likely to receive cefazolin (94.9 versus 6.9%;
P < 0.001) and more likely to receive clindamycin (1.1 versus 80.7%;
P < 0.001) or vancomycin (4.0 versus 12.4%; P < 0.001). There was
no difference in infection rate by reported PCN allergy (0.6 versus
0.4%; P = 0.473) or antibiotic prescribed (0.5 versus 0.6%; P =
0.4817).

Conclusion: No patient with a PCN allergy and given cefazolin
experienced a reaction; based on reported reactions, most patients
with a PCN allergy can safely receive first-line antibiotic therapy. In this
population, PCN allergy and second-line antibiotic therapy did not
influence the rate of SSI.

Primary total hip arthroplasty
(THA) and total knee arthro-

plasty (TKA) are two most common
surgical procedures performed in the
United States, with the number of
surgeries performed yearly expected
to increase substantially over the next
decades.'? Surgical Care Improve-

ment Project (SCIP) guidelines were
established in 2006 to improve
compliance with infection control
measures during the perioperative
period and include guidelines on the
timing and selection of appropriate
antibiotic therapy.* Cefazolin is the
first-line recommended antibiotic for
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total joint arthroplasty (TJA), with
clindamycin and vancomycin com-
monly used as alternatives.® Vanco-
mycin is also recommended for
patients with a history of or at high
risk for methicillin-resistant Staphy-
lococcus aureus (MRSA) infections
and is often used in combination
with other antibiotics since there is
evidence that cefazolin is more
effective at preventing methicillin-
sensitive S aureus infections.>”

Approximately 10% to 20% of
patients report an allergy or reaction
to penicillin (PCN), yet these responses
are rarely true immunoglobulin E
(IgE)-mediated or hypersensitivity re-
actions and most of these patients
could safely be prescribed with
PCN.810 Studies have shown that
80% to 99% of patients with a
reported PCN allergy could have
that label removed after appropriate
testing.!1"13 Avoiding cephalospor-
ins to patients with a reported PCN
allergy has been recommended in the
past because of their similar chemical
structure and a reported cross-
reactivity between these medications,
although more recent studies suggest
that the cross-reactivity between these
two drug classes is overstated, with
only 2.55% of patients with a con-
firmed PCN allergy also having a
confirmed cephalosporin allergy.'#1°
With the rise of drug-resistant or-
ganisms and concerns regarding clin-
ical efficacy, responsible antibiotic
stewardship advises that we increase
the use of targeted antibiotic therapy
where possible.'®

For patients undergoing TJA, sur-
gical site infections (SSIs) occurred in
0.58% to 2.5% of procedures.'”-1?
Patient-reported allergies contribute
to unfavorable outcomes, in part due
to the administration of less effec-
tive antibiotics.?%22 A recent study
determined that reporting a PCN
allergy increased the risk of SSI by
50% in an analysis of more than
9,000 procedures in four major sur-
gical specialties.?> Patient-reported

PCN allergy has been associated
with a higher risk of adverse outcomes
in TJA.2*25 The impact of patient-
reported PCN allergy on the infection
rate of TJA specifically has not been
well studied; in this study, we will
analyze patient-reported PCN aller-
gies and reactions and their influence
on prescribing patterns of peri-
operative antibiotics and the risk of
acute (=90 days) postoperative SSI.

Methods

We obtained institutional review
board approval and performed a ret-
rospective chart review for a consec-
utive series of patients who underwent
primary unilateral THA or TKA in
this institution between January 2015
and June 2017. The 14 board-certified
orthopedic surgeons performed the
surgeries. Data were collected via an
administrative database for patient
demographics including age, gender,
race, and body mass index, procedure
performed, perioperative antibiotic
given, length of stay, and discharge
disposition. The American Society of
Anesthesiologist score and select co-
morbidities were used to quantify
preoperative health status. A detailed
chart review was performed on all
patients who reported a PCN allergy
to identify the nature of the reaction
reported. National Healthcare Safety
Network criteria were used to identify
SSI.

Perioperative Protocol

All patients were subjected to the
same perioperative protocols in a
coordinated Joint Replacement Cen-
ter Program. All patients underwenta
standard decolonization protocol
with the administration of intranasal
mupirocin ointment twice daily and
chlorhexidine body wash both for
3 days before surgery. They also
received parenteral antibiotics per the
SCIP guidelines. There was no rou-
tine MRSA screening as all patients

underwent preoperative decoloniza-
tion. Preoperative antibiotics were
prescribed using SCIP guidelines;
cefazolin was the first-line antibiotic
and clindamycin and vancomycin
were the alternative medications.
Clindamycin was prescribed for pa-
tients reporting a PCN or cefazolin
allergy, and vancomycin was used
primarily for patients with a history
of MRSA colonization or infection.
The use of cefazolin in addition to
vancomycin was phased in during
the study period with the publication
of new recommendations regarding
patients with a history of MRSA
infection or colonization. SSI was
defined as any patient undergoing
revision surgery for deep or joint space
infection with a positive tissue culture
in the first 90 days postoperatively.

Study Population

The study included 4,903 consecutive
TJA patients. All TKAs (3,126 pa-
tients) were performed via a standard
medial patellar arthrotomy, posterior
approach THA (516 patients) in the
lateral decubitus position and ante-
rior approach THA (1,261 patients)
using a modern fracture table.

Study Outcomes

The primary outcome was the influ-
ence of patient-reported PCN allergy
on the rate of SSI. Secondary out-
comes were the influence of antibiotic
prescribed on the rate of SSI and the
influence of patient-reported allergy
or adverse reaction on the antibiotic
prescribed.

Statistical Analysis

A series of chi-squared tests, #-tests
and analysis of variance were used to
determine the differences between
groups. Multiple logistic regression
was used to identify the factors
independently predicting the differ-
ences. A P-value less than or equal
to 0.05 was treated as statistically
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Table 1

Demographics

All Patients, No PCN Allergy, PCN Allergy,
(n = 4,903) n = 4,107 (83.8%) n =796 (16.2%) Sig.
Age, yr, mean = SD 66.55 = 9.65 66.33 = 9.67 67.68 = 9.48 <0.001
BMI, kg/m?, mean * SD 31.42 = 6.14 31.39 = 6.13 31.58 = 6.20 0.439
Sex, n (%) <0.001
Female 2,888 (58.9) 2,332 (56.8) 556 (69.8)
Male 2,015 (41.1) 1,775 (43.2) 240 (30.2)
Race, n (%) 0.017
White 4,089 (84.1) 3,411 (83.8) 678 (85.7)
African American 724 (14.9) 621 (15.3) 103 (13.0)
ASA, n (%) 0.009
1 78 (1.6) 71 (1.7) 7 (0.9)
2 2,781 (56.7) 2,363 (57.5) 418 (52.5)
3 2,006 (40.9) 1,641 (40.0) 365 (45.9)
4 38 (0.8) 32 (0.8) 6 (0.8)
Procedure, n (%) 0.083
Hip 1,777 (36.2) 1,510 (36.8) 267 (33.5)
Knee 3,126 (63.8) 2,597 (63.2) 529 (66.5)
LOS, d, mean = SD 1.84 = 1.17 1.81 = 1.14 1.99 = 1.27 <0.001
Discharge disposition, n (%) <0.001
Home 4,044 (82.5) 3,424 (83.4) 620 (77.9)
Rehab 859 (17.5) 683 (16.6) 176 (22.1)
Total comorbidities, mean = SD 1.69 = 1.22 1.69 = 1.23 1.67 = 1.20 0.688

ASA = American Society of Anesthesiologist, BMI = body mass index, LOS = length of stay, PCN = penicillin.

P = 0.05 in bold.

significant. All analyses were per-
formed using SPSS (SPSS 24.0, IBM).

Results

Of the total population, 796 patients
(16.2%) reported a PCN allergy.
Table 1 compares the demographic
data between groups with patients
reporting a PCN allergy being older
(66.3 versus 67.7 years; P < 0.001),
more likely to be female (56.8 versus
69.8%; P < 0.001), and more likely
to be white (83.8 versus 85.7%; P =
0.017). Patient-reported allergic re-
actions were classified into three tiers
based on the severity of the reaction
reported (Table 2). Tier 1 included
reactions that occurred in an IgE-
mediated allergic response, hyper-
sensitivity reactions, and possible

allergic reactions. Six hundred fifteen
patients (77.2%) reporting an allergy
were included in this group, with 208
patients reporting hives, 199 patients
reporting rash, 65 patients reporting
angioedema, and 60 patients re-
porting anaphylaxis. Tier 2 reactions
(89 patients) were primarily side ef-
fects, most commonly gastrointesti-
nal related, and tier 3 were unknown
or unspecified reactions.
Twenty-two patients (0.5%) were
diagnosed with an infection in the first
90 days postoperatively (Table 3).
There was no significant difference
in infection rates between patients
reporting a PCN allergy and those
who did not (0.6 versus 0.4%; P =
0.408). There was also no significant
difference in infection rates when
looking at the preoperative antibiotic
prescribed; 19 patients (0.5%) pre-

scribed cefazolin and 4 patients
(0.6%) receiving clindamycin devel-
oped an infection, and no patients
prescribed vancomycin developed an
infection (P = 0.479).

Cefazolin was used as the primary
antibiotic in 3,953 patients (80.6%),
clindamycin was used in 686 patients
(14.0%), and vancomycin was used
in 264 patients (5.4%) (Figure 1).
Most patients in the study received
only one type of antibiotic (n = 4,733;
96.5%), and all patients receiving a
second antibiotic received vancomy-
cin. Vancomycin was used in isola-
tion in 94 patients (1.9%). Most
patients reporting a PCN allergy
received a second-line antibiotic, with
642 patients (80.7%) receiving clin-
damycin and 99 patients (12.4%)
receiving vancomycin. Fifty-five
patients (6.9%) with a reported
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Table 2

Reported Reactions by Tier

PCN allergy received cefazolin
(Table 4); most of these patients
reported a tier 2 or 3 reaction to

Reaction Tiers N % of Reactions PCN (n = 30; 54.5%). No patient
Tier 1: Severe reactions and hypersensitivities 615 77.2 who. reported a. PCN alilergy and
Hives 208 26.1 recewgd cefazolin expeljlenced an
Rash 199 5.0 allec;glct.or adverse reaction to this
: : medication.
Swelling, a.ngloedema 65 8.2 Multiple logistic regression (Table 5)
Anaphylaxis 60 7.5 . . .
Respiratory distress, stridor, palpitations 32 4.0 was .used to_identify indep endent
: ’ ’ . predictors of PCN allergy reporting.
Ll & €L Female sex was the most significant
Syncope/hypotension v Le predictor, with women being 1.74
Blisters, boils, sores, SJS 5 0.6 times more likely to report a PCN
Flushing, burning 5 0.6 allergy with all other factors held
Convulsions 2 0.3 constant (95% confidence interval
Paralysis 1 0.1 [CI], 1.67 to 2.07; P < 0.001).
Tier 2: Side effects and intolerances 89 11.2 Higher American Society of Anes-
Diarrhea, nausea/vomiting, Gl symptoms 70 8.8 thesiologist score (adjusted odds
Musculoskeletal symptoms 8 1.0 ratio [aOR] 1.23; 95% CI, 1.04 to
Mental status change, headache 5 0.6 1.46; P = 0.015), increasing age
Oral thrush, yeast infection 3 0.4 (aOR 1.01; 95% CI, 1.00 to 1.02;
Clostridioides difficile 2 0.3 P = 0.047), and white race (aOR
Exacerbation of existing condition 1 0.1 1.26595% (I, 1.00 to 1.60; P = 0.049)
Tier 3: Unknown or unspecified 92 11.6 were also significant predictors.
Unknown 58 7.3
Childhood reaction 29 3.6
Family reaction 5 0.6 Discussion

Gl = gastrointestinal, SJS = Stevens-Johnson syndrome. Inappropriate prescription of anti-
biotics is a significant national con-
cern, with the Centers for Disease
Control and Prevention stating that
20% to 50% of all antibiotics used in

hospitals were either inappropriately

Table 3

Infections ‘bed 1od 26 Ta 2017
- - prescribed or not needed.?® In

Factor Infections, N (%) Sig. the Joint Commission mandated
Allergy 0.408  that all hospitals have an antibiotic
None 17 (0.4) stewardship program in place to
PCN 5 (0.6) reduce inappropriate prescription of
Reaction 0.431 antibiotics.?” Patient-reported PCN
None 17 (0.4) allergy frequently leads to the use of
Tier 1 5(0.8) alternative antibiotics, which in-
Tier 2 0(0.0) creases the risk of adverse medica-
Tier 3 0(0.0) tion effffcts ar.ld in;reased rates of
Primary antibiotic 0479 drug-rem.stant infections.!3-28 Failure
Cefazolin 18 (0.5) to question the PCN allergy .lat.)el
e 4(0.6) mﬂuepces the ch.01ce of antibiotics
Vancomycin 0(0.0) both in and outside of thf: OR and
Total 22 (0.5) can have a long-standing impact on
. clinical outcomes. Consistent with

PCN = penicillin the rates reported in the general

population, one in six patients in this
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study reported a PCN allergy,
although the rate of true allergy is likely
much lower.31% Even when isolating
the most severe reaction tier, this group
is almost eight times larger than the
number of patients who would be ex-
pected to have a true allergy.

The frequency of PCN allergy re-
porting and the finding that allergy
reporting results in the use of alter-
native antibiotics indicate a need for
allergy delabeling and possibly PCN
allergy testing. In addition, patients
who have had a documented IgE-
mediated allergic reaction to PCN
may be able to tolerate the medication
in the future due to the disappearance
of the IgE-mediated hypersensitivity
over time.'%2° Improved documenta-
tion of medication allergy versus
adverse reactions would enable pro-
viders to more accurately identify pa-
tients who are truly PCN allergic and
improve the rate of prescribing more
effective antibiotic therapy. In this
study, more than 50% of patients re-
porting a PCN allergy had a tier 2 or 3
reaction and could have safely
received cefazolin without further
query; 55 patients with a documented
PCN allergy did receive cefazolin with
no adverse reactions. Patient and
provider education on which reactions
constitute a true allergy would also
assist in allergy de-labeling. Second-
arily, PCN skin testing and oral anti-
biotic challenges can be performed to
identify the safe antibiotics and to
delabel appropriate patients.!1-28-30

Other studies have determined
varying relationships between the
prescription of alternative antibiotics
and incidence of SSI. Blumenthal et al
found 50% increased odds of SSI in
patients who reported a PCN allergy,
mediated by the prescription of
alternative antibiotics. However, this
study was unable to perform a fully
powered analysis of infections in TJA
patients, and instead analyzed pa-
tients who underwent THA, TKA,
hysterectomy, colon surgery, and
coronary artery bypass grafting as a

100%
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40%

80.6

30%
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10%

0%
All Patients

Prescription of Primary Antibiotics between
Allergy Populations

No Allergy

4.0 12.4
1.1
B Vancomycin
80.7 Clindamycin
B Cefazolin

PCN Allergy

Prescription of antibiotics between allergy populations.

Table 4

Prescription of Antibiotics by Reaction Tier

Primary Antibiotic, N (%)

Reaction Cefazolin Clindamycin Vancomycin
None 3,898 (94.9) 44 (1.1) 165 (4.0)
Tier 1 13 (3.4) 326 (85.8) 41 (10.8)
Tier 2 12 (5.1) 186 (79.1) 37 (15.7)
Tier 3 27 (30.3) 54 (60.7) 8 (9.0)
Tier 4 3(3.3) 76 (82.6) 13 (14.1)
Total 3,953 (80.6) 686 (14.0) 264 (5.4)

whole.?3 More direct analyses of the
impact of different antibiotics on SSI
in TJA have found no difference in
the risk of deep SSI between patients
prescribed cefazolin or vancomycin
or have attributed any differences
to problems in administering the
proper dosage of vancomycin.20-31
Factors such as inappropriate timing
and dosing of antibiotics increase
infection rates but are not necessarily

indicative of reduced effectiveness of
the antibiotic itself.3'32 Our study
found no difference in the rate of
infection between PCN allergic or
nonallergic patients, although this
analysis is underpowered because of
the small effect size due to the low
rate of overall infection.

This study does have some limi-
tations. Over the course of the study
vancomycin use in patients changed
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Table 5

Multiple Logistic Regression for Predictors of Penicillin Allergy Reporting

Adjusted OR 95% ClI Sig.
Female 1.74 1.47-2.07 <0.001
Age, yr 1.01 1.00-1.02 0.047
White 1.26 1.00-1.60 0.049
ASA 1.23 1.04-1.46 0.015
BMI, kg/m? 1.00 0.99-1.02 0.670
Discharge disposition 1.10 0.87-1.39 0.421
LOS, d 1.06 0.99-1.14 0.114
Hip or knee 1.14 0.96-1.34 0.143
Hypertension 0.91 0.77-1.08 0.266
Hyperlipidemia 1.02 0.86-1.21 0.807
Diabetes 0.81 0.66-1.01 0.058
Coronary artery disease 1.07 0.78-1.47 0.677
Smoking history 0.93 0.72-1.19 0.543

ASA = American Society of Anesthesiologist, BMI = body mass index, Cl = confidence interval,

LOS = length of stay, OR = odds ratio
P = 0.05 in bold.

with a reported allergy or history of
MRSA colonization or infection.
More importantly, the overall infec-
tion rate was 22 of 4,903 procedures
(0.5%), which left our study under-
powered to detect the effect of allergy
and reaction reporting and primary
antibiotic prescription on infection
risk. A sufficiently powered study
would be difficult to perform at a
single institution because of the low
rate of infection associated with TJA.
A multi-institution or registry analy-
sis could potentially provide the
sample size necessary to perform an
adequately powered analysis on the
effect of patient-reported PCN aller-
gies in joint infection. We also
acknowledge the inherent limitations
of a retrospective study, although the
single-institution design does limit
some possible confounding variables,
with all patients being subjected to
the same perioperative protocols.

Conclusion

In this study 19.4% of patients
received a second-line antibiotic;
52.3% of these patients reported a

history of non-IgE-mediated re-
actions and could have safely been
prescribed cefazolin. No patient
reporting a PCN allergy who received
cefazolin experienced an adverse
reaction. Institutions need to work
toward more accurate documenta-
tion of PCN allergies and reactions
and delabel patients who do not have
true IgE-mediated reactions, which
will also improve antibiotic steward-
ship. Most patients can be delabeled
with a carefully constructed query
alone although allergy testing may be
necessary in a small number of pa-
tients who cannot be clarified based
on history alone. We were unable to
determine any significant effect of
PCN allergy reporting and primary
antibiotic prescription on the inci-
dence of SSI.
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