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Penicillin allergy labels drive perio
perative prophylactic antibiotic
selection in orthopedic procedures
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Clinical Implications
� Penicillin allergy labels influence perioperative surgical
prophylaxis selection in orthopedic procedures. Penicillin
allergy labels were associated with decreased cefazolin
prescriptions and increased clindamycin prescriptions.
Although the incidence of penicillin allergy labels (PALs) in
the United States is 8% to 20%, more than 95% of patients with
PALs tolerate penicillins.1 PALs are associated with adverse
outcomes, including increased nosocomial infections, increased
length of stay, and readmissions.2

In surgical patients, PALs are associated with increased
surgical-site infections (SSIs)3 likely due to prophylactic anti-
biotic choice. For most surgeries, a first-generation cephalosporin
such as cefazolin is the preferred prophylactic antibiotic due to
decreased costs and lower rates of SSIs.4,5 In orthopedic pro-
cedures, vancomycin is more frequently underdosed and associ-
ated with increased rates of prosthetic joint infections.4 PAL
surgical patients often receive vancomycin and clindamycin over
cefazolin for concern of penicillin and cephalosporin cross-
reactivity. However, a recent study showed most PAL surgical
patients who underwent PAL testing were delabeled, and safely
received cefazolin perioperatively.6 To guide changes in pre-
scribing practices, we conducted this retrospective chart review
using iterative natural language processing (NLP)7 and manual
chart review to evaluate the relationship between PAL and
perioperative antibiotic choice for orthopedic procedures.

Vanderbilt University Medical Center’s deidentified Synthetic
Derivative (SD) was used to find patients who had undergone at
least 1 orthopedic surgery procedure. Age, sex, date of birth,
perioperative antibiotics, PAL, and antibiotics received before the
surgery were documented. Our definitions for orthopedic sur-
geries, perioperative antibiotics, and PALs can be found in the
Methods section in this article’s Online Repository at www.jaci-
inpractice.org. Manual chart review of patients without PALs
receiving clindamycin was performed, reviewing all drug allergy
labels and physician notes around the time of surgery, when
available.

Statistical comparisons (Stata 15.0, StataCorp LLC, College
Station, Texas) were performed between patients with or without
a PAL. Fisher exact test or Pearson c2 test was used for cate-
gorical variables and Wilcoxon rank-sum test for continuous
variable analysis. Logistic regression was used to determine the
odds of receiving different antibiotic agents as antimicrobial
prophylaxis based on PAL status, adjusting for age, sex, and race.

Of the 17,180 SD patients who underwent orthopedic sur-
gery, 2,353 (13.7%) had a PAL and the PAL group was more
likely to be older (P < .0005), female (P < .005), and white
(P < .05) (Table I).

Perioperative antibiotic selection data were available to review
for 9300 surgeries, of whom 1412 (15.2%) were patients with
PALs. Surgeries in patients with PALs less frequently used
cefazolin (28.4% vs 80.4%) compared with surgeries in patients
without PALs, and more frequently used clindamycin (66.9% vs
5.6%) (both P < .0005). There were no differences in admin-
istration of vancomycin (Figure 1). A PAL greatly decreased the
odds of receiving cefazolin in unadjusted logistic regression
analysis (odds ratio [OR], 0.10; 95% CI, 0.08, 0.11; P < .0005),
including when adjusting for age, sex, and race (adjusted odds
ratio [aOR], 0.10; 95% CI, 0.09, 0.11; P < .0005). In the
setting of a PAL, female sex was associated with decreased odds of
receiving cefazolin (aOR, 0.77; 95% CI, 0.69, 0.85; P < .0005),
and black race was associated with increased odds of receiving
cefazolin (aOR, 1.30; 95% CI, 1.10, 1.52; P < .005). A PAL
greatly increased the odds of receiving clindamycin in unadjusted
analysis (OR, 34.6; 95% CI, 29.9, 40.1; P < .0005), including
when adjusting for age, sex, and race (aOR, 33.7; 95% CI, 29.0,
39.1; P < .0005). In the setting of a PAL, female sex was also
associated with increased odds of receiving clindamycin (aOR,
1.45; 95% CI, 1.24, 1.68; P < .0005). PAL did not change the
odds of receiving vancomycin (OR, 1.13; 95% CI, 0.89, 1.45;
P ¼ .32).

There was a statistically insignificant trend to an increased rate
of SSI among patients with PALs (1.49% vs 1.15%; P ¼ .29);
however, we were underpowered to show a difference. Based on
recent data showing increased SSIs in patients with PALs,3 future
studies to analyze the relationship between SSIs and differential
antibiotic selection will be important.

Upon our first data pull with NLP, we initially noted a much
larger number of cases in which clindamycin was used in patients
without PALs. After manual chart review, 550 of these cases were
ultimately found to be patients with PALs who mostly had PAL
free-text inputs missed by our initial NLP protocol (see Figure E1
in this article’s Online Repository at www.jaci-inpractice.org).
After refining our NLP algorithm, we captured 97% of these 550
cases and reperformed all analyses, with the results above.

Given the strong relationship between a PAL and clindamy-
cin, it remained perplexing that the refined algorithm still found
that 5.6% (436) of non-PAL surgeries used clindamycin;
therefore,150 of these surgeries were manually reviewed to hy-
pothesize the reason. Of these 150 surgeries, 71(47.0%) were
free-text labeled as allergic to an antibiotic other than “peni-
cillin,” including an aminopenicillin (22 [14.7%]), another
penicillin (3 [2%]), a cephalosporin (41 [27.3%]), or vanco-
mycin (5 [3.3%]). Evidence of an inpatient infectious disease
consultation recommending clindamycin usage was seen in 4
(2.7%), and trauma cases were seen in 4 (2.7%). The reasoning
for clindamycin selection was not clear in 71 (47%) cases.

Of the patients with PALs, 553 charts were reviewed for all
medications administered between the first documented instance
of the PAL in the medical record and the orthopedic surgery. Of
the 553 patients, 40 (7.2%) had record of taking and tolerating
a penicillin before their scheduled surgery but still retained
their PAL.
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TABLE I. Demographic characteristics (n ¼ 17,180)

Characteristic PAL (n [ 2,353) No PAL (n [ 14,827) P value

Year of birth, median (interquartile range) 1947 (1940-1956) 1949 (1941-1956) <.0005 (Wilcoxon rank sum)

Sex: female, n (%) 1,615 (68.6) 8,339 (56.2) <.005 (c2 test)

Race, n (%) <.05 (Fisher exact test)

Black 194 (8.3) 1,432 (10.2)

Asian 13 (0.6) 83 (0.6)

White 2,115 (90.8) 12,519 (88.8)

Other 7 (1.3) 60 (0.4)
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FIGURE 1. Percentage of orthopedic surgeries using cefazolin, clindamycin, and vancomycin, by penicillin allergy status. Patients with a
penicillin allergy label were less likely to receive cefazolin,*** and more likely to receive clindamycin*** compared with patients with no
penicillin allergy label. There was no difference in receipt of vancomycin (***P < .0005; NS ¼ not significant).
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Overall, orthopedic patients with PALs at our institution
received more clindamycin, and less cefazolin. PAL status pre-
dicted these antibiotic patterns, even after adjustment for age,
sex, and race. When reviewing charts of patients without PALs
who received clindamycin, roughly half had other b-lactam al-
lergy labels, or a vancomycin allergy label. Thus, drug allergy
labels are the main driver of clindamycin selection.

Limitations of this study involve the automated gathering of
incomplete data in the SD. When we used NLP, we initially
missed many patients with free-texted PAL and shorthands. This
is likely a common potential setback with any study using NLP
to quickly gather patients with PALs and required refinement of
our algorithm to recapture 97% of them. We do not believe our
conclusions would be significantly changed on the basis of
missing a few of these patients.

Some (7%) of the patients with PALs had receipt of a penicillin
before their orthopedic procedure. Education of providers that
penicillin tolerance is grounds for PAL removal, coupledwith chart
review to ascertain instances of penicillin tolerance before surgery,
would result in appropriate reconciliation of the PAL.

We confirm that PAL drives selection of alterative antibiotics
in orthopedic procedures, and in most cases, this is unnecessary
and potentially harmful.3,6 Because most PALs are labeled in
childhood and more than 80% of patients will undergo surgery
after their penicillin index reaction,8 this avoidance affects most
patients with PALs. This information is helpful in guiding risk
stratification for delabeling by history or testing9 to improve
perioperative antibiotic use and postoperative outcomes.
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METHODS
Orthopedic surgery was defined by Current Procedural Tech-

nology (CPT) codes 27130, 27438, 27446, and 2744. Perioper-
ative antibiotic was defined as any combination of antibiotics
Benzathine

Penicillins

pcn

Penicillan

Examples of free text entries that were not initially 
captured by natural language processing 

FIGURE E1. Examples of PALs missed in our first bioinformatics
pull. Abbreviated and shorthand PALs were initially missed via
NLP and required modification of the NLP inputs.
among clindamycin, cefazolin, and vancomycin administered
within 48 hours of surgery. PAL status was ascertained by the
presence of PAL in the drug allergy box viaNLP, or an International
Classification of Diseases, Ninth Revision, Clinical Modification
V14.0 or International Classification of Diseases, Tenth Revision,
Clinical Modification Z88.0 code at the time of the surgery.
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