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ABSTRACT

Background: The majority of patients for elective surgery and with a history of penicillin allergy are placed on alternative
prophylactic antibiotic therapies, which have been associated with the emergence of multidrug-resistant pathogens and
increased morbidity and mortality rates. However, self-reporting of penicillin allergy alone may overestimate the prevalence of
penicillin allergy in the population.

Obijective: To assess the effects of preoperative antibiotic allergy testing protocols in reducing the use of non—beta-lactam
antibiotics.

Methods: We searched medical literature data bases through July of 2018. Two reviewers independently extracted data from
published studies and assessed the risk of bias in cohort studies by using the Newcastle-Ottawa Scale. We collected information
related to study design, methodology, demographics, interventions, and outcomes. We pooled odds ratios for the rate of
prescribing non—beta-lactam antibiotics by using a fixed-effects model.

Results: Of 905 citations screened for eligibility, nine studies met inclusion criteria for qualitative analysis. Studies reported
that the rates of non—beta-lactam use after preoperative skin testing ranged from 6 to 30%. In addition, four of the nine studies
had sufficient control data to be included in a meta-analysis. These four studies found that preoperative testing protocols
significantly decreased the rates of prescribing non—beta-lactam antibiotics compared with usual care (odds ratio 3.64 [95%
confidence interval, 2.67-4.98]; p < 0.0001). Seven studies reported on adverse drug reactions after preoperative skin testing
and found that the rate of such reactions was rare.

Conclusion: Preoperative antibiotic allergy testing protocols seemed to be a safe and effective tool in reducing the use of

non—beta-lactam antibiotics during surgery.

(Allergy Asthma Proc 39:420—429, 2018; doi: 10.2500/aap.2018.39.4178)

urgical- site infections are a significant complica-
tion for patients and are associated with signifi-

cant morbidity and mortality.! For the past 3 decades,
it has been the standard of care to provide patients who
undergo elective surgery with prophylactic antibiotic
therapy to prevent perioperative infections?; the World
Health Organization’s surgical checklist® also includes
prophylactic antibiotics. For clean and many clean-
contaminated procedures, the predominant organisms
that cause surgical-site infections are skin flora, includ-
ing Staphylococcus aureus. The current guidelines rec-
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ommend using the narrowest spectrum antimicrobial
agent for surgical prophylaxis.

First- or second-generation cephalosporins are rec-
ommended for many procedures, including cardiac
procedures, elective craniotomies, orthopedic proce-
dures, vascular procedures, and hernia repair.4 How-
ever, 11 to 15% of patients admitted on a hospital
self-report of a history of an allergic reaction to peni-
cillin,”® so alternative antibiotics must be considered in
these populations.” Many of these patients receive
non-B-lactam antibiotics, such as vancomycin, clinda-
mycin, or fluoroquinolones, because of concerns that
these patients could develop a severe reaction to pen-
icillin. However, the use of broader-spectrum antibiot-
ics is associated with multidrug-resistant pathogens,
which result in increased morbidity and mortality.*”
These antibiotics also have a higher risk of adverse
reactions. For example, clindamycin carries a U.S. Food
and Drug Administration black box warning regarding
an increased rate of Clostridioides difficile infection, and
levofloxacin carries a U.S. Food and Drug administra-
tion black box warning regarding the risk of tendon,
muscle, and nerve injury.'’
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The use of non—B-lactam antibiotics can also lead to
increased costs for hospitals and patients.'"'* For ex-
ample, one cost-effectiveness analysis of surgical pro-
phylaxis strategies for patients with a history of peni-
cillin allergy determined that, when vancomycin is
given indiscriminately to all the patients with a peni-
cillin allergy, the incremental cost per anaphylactic
event avoided was $159,204.'* Therefore, transitioning
more patients from vancomyecin to cefazolin when clin-
ically indicated can lead to cost savings. Several studies
demonstrated that, when relying on self-reporting to
identify patients with an antibiotic allergy, self-report-
ing is often inaccurate and not reliable in predicting
which patients will develop an allergic reaction to the
drug."*'* Furthermore, patients with an allergy to pen-
icillin tend to lose their sensitivity over time."

Although the current standard test for confirming
penicillin allergy is an oral challenge dose, what con-
stitutes a challenge dose reaction is not clearly de-
fined.'® Penicillin skin testing is a safe and reliable
method for determining whether a person is at risk of
an immediate systemic allergic reaction. Skin testing
results for penicillin has a reaction rate between 0.0%
and 0.1%, with no serious reactions if performed prop-
erly."”"” Giving B-lactams to patients with a reported
penicillin allergy who have a negative skin testing
result is generally found to be safe. The negative pre-
dictive value of penicillin skin testing is reported to be
>99%,?°7** although a cohort study did find that 3% of
the patients with negative penicillin skin testing results
later developed a new allergy when given a therapeu-
tic course.”

Current antibiotic stewardship guidelines published
by the Infectious Disease Society of America® recom-
mend antibiotic allergy testing as a strategy to reduce
the inappropriate use of broad-spectrum antibiotics. To
date, however, preoperative testing, although simple
and effective, is not widely used.** The implementation
of this strategy in a hospital setting may be an impor-
tant tool in combating the emergence of multidrug-
resistant pathogens. The purpose of this systematic
review and meta-analysis was to evaluate the evidence
for the safety and efficacy of preoperative penicillin
allergy testing in reducing the use of alternative anti-
biotics when compared with usual care of acceptance
of reported or previously recorded allergies in patients
who were underwent planned surgery.

METHODS

Review Protocol

Before conducting the review, we wrote a protocol
that outlined our approach to the identification and
selection of studies that addressed the question of the
efficacy of penicillin allergy testing in the preoperative
environment. We used standard methodology from the
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Cochrane Handbook® for the analysis and followed
recommended guidelines from the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement®® for the reporting of methods
and findings.

Study Eligibility Criteria

We defined prespecified criteria for this review to
determine study eligibility. We included (1) random-
ized controlled trials, prospective and retrospective co-
hort studies, before-after studies, and quality improve-
ment studies that compared the impact of (2) protocols
or pathways that included penicillin or cephalosporin
allergy skin testing versus (3) usual care on (4) the use
of alternative antibiotics and repeated adverse drug
reactions in (5) persons scheduled for surgery who
reported a history of penicillin or cephalosporin al-

lergy.

Outcome Measures

The primary outcome measure was the use of alter-
native antibiotics, such as clindamycin, fluoroquinolo-
nes, and vancomycin. The use of alternative broad-
spectrum antibiotics has been associated with the
emergence of multidrug-resistant pathogens, which
can increase morbidity and mortality.> Therefore, a
decrease in the rates of use of these alternative antibi-
otics would be a measure of success. The secondary
outcome measure was the rates of adverse drug reac-
tions to antibiotics. There is a possibility that an allergy
test could result in a false-negative result, and the
patient, therefore, could experience an adverse reaction
as a result of exposure to the antibiotic. This secondary
outcome was used as a balancing measure to deter-
mine the potential harm of testing.

Search Methods

We conducted a systematic review of the literature of
studies published from 1950 to 2016 by using Medline
(U.S. National Library of Medicine, Bethesda, Mary-
land),Cumulative Index to Nursing and Allied Health
Literature (EBSCO Publishing, Ipswich, Massachu-
setts), Embase (Elsevier, Amsterdam, Netherlands),
and the Cochrane Library (John Wiley & Sons, Hobo-
ken, New Jersey). To locate potentially relevant studies
in Medline, we used exploded medical subject head-
ings terms and keywords to generate sets for the fol-
lowing themes: antibiotics (penicillin and cephalospo-
rin), drug hypersensitivity, preoperative skin testing,
and surgery. We then used the Boolean term “and” to
find the intersection of these themes. This basic ap-
proach was modified as necessary to search each elec-
tronic data base. Our search did not use any limits. We
manually reviewed all references of the relevant arti-
cles. We checked the U.S. National Library of Medicine
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clinical trials Web site for ongoing studies. Finally, we
reviewed abstracts of scientific meetings for Infectious
Diseases Society of America (2011-2015) and the Amer-
ican Academy of Allergy, Immunology & Asthma
(2013-2015), and discussed potentially relevant studies
with content experts at our local institution.

Study Selection

Three reviewers (CR, GB, and MG) independently
screened the titles and abstracts of studies identified by
our search to determine if they met the inclusion cri-
teria. We obtained the full text of those studies that we
could not fully determine inclusion and exclusion cri-
teria solely based on the title and abstract. A full-text
review was performed independently and in duplicate
by two reviewers (CR and GB). We resolved any dis-
agreements by group discussion and consensus.

Data Collection

Two reviewers (CR and GB) independently and sep-
arately extracted data, unblinded, from published
studies that met our inclusion criteria. Discrepancies
were adjudicated independently by a third reviewer
(MG). We collected information related to study design
and methodology, subject demographics, interven-
tions, and outcomes. In the case of missing data, we
attempted to contact the authors for the data.””*® We
excluded studies from relevant quantitative analysis if
efforts to obtain missing data were unsuccessful.”>°~%
We were able to obtain missing data from the authors
of one study; these unpublished data were included in
our quantitative analysis.*®

Assessment of Methodological Quality

The risk of bias for studies was assessed by two
reviewers (DB and PH) independently by using an
eight-item modified version of the Newcastle-Ottawa
Scale,® which we created for this study. The New-
castle-Ottawa Scale is a 10-item tool designed to assess
observational studies on a variety of domains, includ-
ing the selection of cohorts, cohort comparability, and
assessment of outcomes. Discrepancies were adjudi-
cated independently by a third reviewer (MG).

Analysis

Four studies provided sufficient data to be included
in our meta-analysis.******> Specifically, from these
four studies, we abstracted the odds ratios and 95%
confidence intervals associated with the use of a non-
B-lactam alternative for preoperative surgical prophy-
laxis for the allergy skin testing group compared with
the control group. In RevMan 5.3 (John Wiley & Sons,
Hoboken, New Jersey), we pooled our findings by
using both a fixed- and a random-effects model for
analysis. Because we found that there was no statisti-
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cally significant heterogeneity across the pooled stud-
ies, we believed that it was appropriate to present the
results by using a fixed-effects model.”” We used a
cutoff of an I” value of <50% to determine the absence
of significant heterogeneity.

In addition to the aforementioned meta-analysis, we
also summarized the rates of non—B-lactam use across
the nine studies included in our review by using a
qualitative approach.**?”?23%% We described the
range of rates in the studies and provided an overall
summary statement of the key conclusions of the
studies. Similarly, because none of the nine studies in
our review provided sufficient data for meta-analysis
of adverse drug events, we also summarized the rates
of adverse drug events by using a qualitative ap-
proach, by describing the range of rates in the studies,
and by providing an overall summary statement of the
key conclusions of the studies.

We were unable to formally assess for publication
bias because our review was limited to nine stud-
ies.?*?77925%43° The Cochrane Library recommends that
a funnel plot analysis should not be conducted if <10
studies report on the outcome because the analysis will
yield biased results.”> However, we performed an in-
formal analysis by ranking studies by sample size and
by evaluating whether there seemed to be a lack of
smaller studies with negative or nonsignificant find-
ings that would indicate publication bias.

RESULTS

Description of Studies

As shown in Fig. 1, our initial search of the online
data bases, review of conference abstracts, and discus-
sion with content experts identified 905 potentially
eligible citations. After initial screening by title and
abstract, we excluded 869 citations. After more-de-
tailed full-text evaluation, we identified nine studies
that fulfilled the inclusion criteria.***"*3%3> Of the
nine included studies, all were either cohort, before-
after, or quality improvement studies. Four studies
included sufficient control data to be included in a
meta-analysis. All the studies were published in peer-
reviewed journals from 1990 to 2017. Eight of the nine
were performed in the United States;***" 20323433 the
remaining study was conducted in France.>* Study
characteristics are shown in Table 1.

Methodological Quality of Included Studies
Overall, we found that the methodological quality
of the included studies was variable (Table 2). Only
five of our studies contained a nonexposed control;
none of the studies controlled based on age, race, or
gender.?*?72%343% The studies that lacked a distinct
control group instead used historical controls from
previous studies. Based on our risk of bias assess-
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942 Records identified through electronic
database searching

Medline—820

CINAHL—5

Embase—76

Cochrane—41

11 Additional records identified through
other sources
ClinicalTrials.gov—0
Reference review—I1
Scientific Meeting abstracts—3
Consultation with experts—8

Figure 1. Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) flow diagram
of citations reviewed and included in the systematic
review.

ment, five studies had a low risk of bias
scores.**?8323435 AJ] the studies had an adequate pe-
riod of follow-up to observe the outcome, and attrition
was uniformly low.

Risk of Publication Bias

Our informal analysis of publication bias did not
indicate a lack of smaller studies with negative or
nonsignificant findings. Therefore, we believe that
there was minimal risk of publication bias.

Primary Outcome: Rates of Non—-f-Lactam
Antibiotic Use

Of the nine included studies, only five studies com-
pared the rates of non—B-lactam antibiotic use in pa-
tients who received allergy skin testing with those
patients who received usual care.***”?*3*% All of these
studies showed a decrease in the rate of non—B-lactam
antibiotic use with allergy skin testing compared with
usual care. The results were also statistically significant
in four of the studies (Table 3). Furthermore, in the four
studies that had enough usable data for a meta-analy-
sis?*?8343% (Fig. 2), allergy skin testing led to a signif-
icant reduction in the rate of non—B-lactam antibiotic
use compared with usual care (odds ratio 3.64 [95%
confidence interval, 2.76-4.98]; p < 0.0001). Because
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v

905 Unique records from all sources
(48 duplicates removed)

0 Ongoing studies

v

905 Records screened for
eligibility

869 Records excluded by
abstract & title review

36 Full-text records
assessed for eligibility

27 Records excluded by full-
text review
Wrong design-14
Wrong intervention-9
‘Wrong population-4

9 Studies included in
qualitative synthesis

5 Studies excluded from
»| meta-analysis
No usable data-5

v

4 Studies included in
quantitative synthesis
(meta-analysis)

the meta-analysis was limited to four studies, we were
unable to perform any meaningful sensitivity analyses.
The rates of non—B-lactam use in those studies with-
out a comparison group®>? were also comparable
with the rates seen in our quantitative analysis (Table
4). Four studies looked specifically at the rates of van-
comycin usage,******?> with rates that ranged from 9
to 18%, whereas five studies looked at all non—B-lactam
antibiotics,?*?728323% which included clindamycin,
levofloxacin, and vancomycin, with rates that ranged
from 6 to 30%. Presumably, without allergy testing, all
of those patients would have received a non—g-lactam
antibiotic; however, there were insufficient data avail-
able to draw a definitive conclusion. In an informal
assessment of heterogeneity of these studies, it seemed
that, although the technique of allergy skin testing was
similar among the studies, there was variation in how
patients were chosen and referred for testing, which
indicated that heterogeneity may be a concern.

Secondary Outcome: Adverse Drug Events

Seven of the nine identified studies reported rates of
adverse drug events seen.”*?%397323435 Qverall, the
rates were low, which ranged from 0% in three stud-
ies**?%32 up to 4% in one study,’! as presented in Table

5. In general, the adverse drug events were minor and
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Table 2 Risk of bias assessments for included cohort studies by using the Newcastle-Ottawa Scale

Study, Y Selection* Outcome§ Total

1 2 3 4 5 6 7 Score
Cook et al.” 2014 X X X X 4
Frigas et al.** 2008 X X X X X X X 7
Harris et al.,*? 1999 X X X X X X 6
Hennrikus et al.,>° 1990 X X X X 4
Li et al.,** 2000 X X X X X X X 7
McDanel et al.,*® 2017 X X X X X X 6
Park et al.,*® 2006 X X X X X X X 7
Pongdee et al.,*” 2014 X X X X X 5
Promelle et al.,*! 2015 X X X X X 5

*(1) Representativeness of the exposed cohort: “X” if truly or somewhat representative of the average patient with reported
antibiotic allergy who underwent surgery; (2) selection of the nonexposed cohort: “X” if drawn from the same community as
the exposed cohort; (3) ascertainment of exposure: “X” if a secure record; and (4) absence of outcome at baseline: “X” if
demonstration that outcome of interest was not present at the start of the study.

§(5) Assessment of outcomes: “X” if independent blind assessment or record linkage; (6) length of follow-up: “X” if follow-up
is long enough for outcomes to occur; and (7) adequacy of follow-up of cohorts: “X” if all the subjects completed follow-up or
the subjects lost to follow-up were unlikely to introduce bias (a small number lost to follow-up).

The Newcastle-Ottawa scale also includes an assessment of Comparability. However, none of the included studies controlled

for age, gender, race or other additional risk factors.

no life-threatening reactions, e.g., anaphylaxis, were
observed.

DISCUSSION

This review indicated that preoperative allergy con-
sultation and skin testing for patients who reported a
history of B-lactam allergy were associated with a re-
duction in non-B-lactam antibiotic usage during sur-
gery. In addition, this review also indicated that this
practice was safe, with an overall low rate of adverse
drug reactions. The findings of this review had impor-
tant implications. Reduction in non—g-lactam antibiotic
usage may help to prevent overuse of broad-spectrum
antibiotics and the potential development of antibiotic
resistance.” Use of cefazolin in place of other antibiot-
ics, such as vancomycin or levofloxacin, may also re-
sult in cost savings. The use of allergy testing in other
settings has shown cost savings by switching patients
to B-lactam therapy.''*® However, these potential ben-
efits must be weighed against the overall costs of im-
plementing allergy testing in the preoperative setting,
which has not been fully elucidated. Our review was
unable to comment on the costs of running a preoper-
ative clinic with allergy consultation and skin testing,
nor could we speak to whether or not such a strategy
was cost-effective.

There also are alternatives to penicillin skin testing
that should be considered: oral challenge dose or in-
depth allergy consultation.””*® Detailed allergy histo-
ries, often performed by an allergist or an infectious
disease consultant, have been used to try to determine
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if a patient’s self-reported B-lactam allergy is valid.
However, patient histories may not always provide
enough useful information to determine whether the
use of a B-lactam is appropriate. The use of penicillin
skin testing, particularly for these patients, may help
identify a larger group of patients for whom perioper-
ative B-lactams are appropriate.'*

Overall, the finding across the included studies were
fairly consistent. All the studies that directly compared
antibiotic usage rates demonstrated that the implemen-
tation of preoperative allergy consultation and skin
testing lowered the rates of non-B-lactam us-
age.**?7283435 [n addition, in the studies that looked at
adverse drug reactions, the rate of such reactions were
rare or nonexistent.”*?439313435 Given that we were
only able to perform a quantitative review on four
studies,**?*3*%> completeness of the evidence, how-
ever, was a concern. Although results from additional
studies that include comparison groups would have
strengthened our findings, we believe that these results
were unlikely to change the finding that preoperative
antibiotic allergy testing would lower rates of non—§3-
lactam antibiotics.

Reassuringly, the studies included in the review cov-
ered many different surgeries, including orthopedic,
neurologic, and cardiac surgeries, which make up
many of the non-urgent and elective surgeries per-
formed in the United States. This indicated that our
findings could apply to many types of surgeries. How-
ever, most of the studies occurred at large academic
medical centers, so the findings may be less generaliz-
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Usual Care Allergy Skin Testing

Non-beta-lactam Non-beta-lactam Odds Ratio Odds Ratio
Study antibiotics used Total antibiotics used Total Weight Mantel-Haenszel, Fixed (95% CI) Mantel-Haenszel, Fixed (95% CI)
Frigas, 2008 28 46 111 365 24.0% 3.56 (1.89, 6.70) —-—
Li, 2000 38 127 4 60 9.4% 5.98 (02.02, 17.66) —_—
McDanel 2017 31 112 16 135 25.9% 2.85 (1.46,5.54) ——
Park, 2006 42 81 234 1020 40.6% 3.66 (2.31,5.80) —-—
Total 139 366 365 1590 100% 3.64 (2.674.98) ) . ’.
Heterogeneity: I> = 0% 0t05 0'.2 1 r5 2‘0

Test for overall effect Z=8.13 (P < 0.0001)

Favors Usual Care Favors Skin Testing

Figure 2. Graphic representation of meta-analysis of preoperative penicillin allergy testing to decrease the non—B-lactam antibiotic use

compared with usual care.

Table 4 Rates of non—B-lactam antibiotic use*

Study, Y Total Sample Outcome Measure Reported Rate Reported, no./
Size total no. (%)
Cook et al.,* 2014 276 Use of Vancomycin 24/276 (9)
Frigas et al.** 2008 411 Use of B-lactam alternative 111/365 (30)
Harris et al.,** 1999 16 Use of B-lactam alternative 3/16 (19)
Hennrikus et al.,** 1990 50 Use of Vancomycin 9/50 (18)
Li et al.,** 2000 187 Use of Vancomycin 6/60 (10)
McDanel et al.,*® 2017 247 Use of B-lactam alternative 16/135 (12)
Park et al.,* 2006 1111 Use of Vancomycin 125/1030 (12)
1111 Use of B-lactam alternative 234/1030 (23)
Pongdee et al.,*” 2014 384 Use of B-lactam alternative 24/384 (6)
Promelle et al.,*' 2015 48 Use of cefuroxime alternative 8/48 (17)

*Qualitative summary: Rates of non—B-lactam antibiotic use ranged from 6 to 30%, whereas the rates of vancomycin use ranged

from 9 to 18%.

Table 5 Incidence of adverse drug reactions®

Study, Y Total Sample Outcome Measure Rates Reported, no./

Size Reported total no. (%)

Frigas et al.** 2008 411 Adverse drug reaction 0/365 (0)

Harris et al.,** 1999 16 Adverse drug reaction 0/16 (0)

Hennrikus et al.,*° 1990 50 Adverse drug reaction 1/50 (2)

Li et al.,** 2000 60 Immediate reaction or hives 1/60 (2)

McDanel et al.,*® 2017 247 Adverse drug reaction 0/135 (0)

Park et al.,* 2006 1111 Adverse drug reaction 5/1030 (0.5)

Promelle et al.*! 2015 48 Localized reaction 2/48 (4)

*Qualitative summary: The rates of adverse drug reactions were low, ranging from 0 to 4%.

able to smaller institutions and community settings.
Also, four of the nine included studies occurred at the
same institution.?*?**3> Only one study occurred out-
side of the United States,” which raised a potential
concern for the international applicability of preoper-
ative allergy testing.

Another important concern regarding the quality of the
evidence featured in this review was that no randomized
controlled trials were available to be included. As such,
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our analysis was limited to cohort, before-after, and qual-
ity improvement studies, which have more potential for
bias and confounding.***"*>***_ Because only four of
the nine studies provided enough information to be in-
cluded in a meta-analysis, it was possible that we may
have either over- or underestimated the effect of preop-
erative allergy testing in reducing the rates of non—f-
lactam antibiotic use. It was generally assumed that, had
the patients not undergone allergy testing, they would
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have been given non-f-lactam antibiotics more often.
However, without data from comparison groups, the
magnitude of the change could not be assessed. We were
also unable to generate a summary estimate to assess the
rates of adverse drug reactions.

CONCLUSION

Although our review had several limitations, we be-
lieve that our findings supported the implementation
of preoperative allergy testing for patients for elective
surgical who reported a history of B-lactam allergy. We
demonstrated a significant decrease in non—$-lactam
use in our quantitative analysis, and the rates of non—
B-lactam use also favored preoperative allergy testing
in our qualitative analysis. In addition, the intervention
was generally safe and associated with a low rate of
adverse drug reactions. Given the significant concerns
about increasing antibiotic resistance’ and the risk of
Clostridioides difficile infection from broad-spectrum an-
tibiotics, implementing this protocol in practice could
help with antibiotics stewardship efforts. It may be
more feasible to implement these protocols at large
surgical centers and academic medical centers because
these institutions will have access to allergists and
resources needed to incorporate allergy testing in pre-
operative clinics.

Although this review showed that preoperative al-
lergy testing was safe and effective, it is important to
highlight that the evidence was based solely on cohort
and before-after studies. Ideally, additional research on
this topic would involve randomized controlled trials.
In addition to the rate of non—B-lactam antibiotic use,
future studies should also evaluate adverse drug reac-
tions as well as other adverse effects from antibiotics,
e.g., rates of C. difficile infection. This will help to fur-
ther address the benefits and harms that could occur
through widespread adoption of allergy testing. Al-
though the use of penicillin skin testing indicated
substantial cost savings,'''*?° additional cost-bene-
fit analyses are necessary to fully understand how
implementing preoperative allergy skin testing com-
pares with other methods of allergy testing, such as
administering a challenge dose or obtaining a detailed
allergy history.
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