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Background: Patients with a penicillin allergy label have an increased risk of surgical site infection. Although a de-
cision tree was published in 2019 to define which patients could benefit from direct cephalosporin use in the peri-
operative setting, this strategy remains unvalidated. This consensus statement aimed to adapt it based on an
expert consensus to cover persisting caveats and to adapt it to an environment with poor allergist resources.

Methods: Perioperative antibiotic prophylaxis and allergy experts were invited to participate. The Delphi method was
implemented using an online-secured network. The panellists were given 3 weeks to answer each round. A consen-
sus was reached if more than 75% of the experts rated the item > 7 and if less than 25% rated the item < 3.

Results: Sixteen experts participated. A high level of agreement was obtained after four rounds, defining four cat-
egories of the index reaction: unknown, not compatible, or compatible with animmediate or delayed hypersensitivity
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This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (https://
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reaction. Twelve items were defined to stratify the risk of true penicillin allergy according to the index reaction history.
The experts agreed that patients with high-risk reactions could benefit from either an allergy work-up or beta-lactam
alternatives use. Those at low risk could benefit from direct cephalosporin administration.

Conclusions: This resulted in an adapted decision tree to promote cephalosporin prescription in patients with
penicillin allergy labels. It will be used in a stepped-wedge prospective multicentric randomized study to assess
its applicability and acceptability to promote first- and second-generation cephalosporin administration in the

perioperative period.

Introduction

Surgical site infection (SSI) occurs within 90 days after surgery
and up to 1year after surgery in patients receiving implants,’
with a 2% incidence.?® SSIs are responsible for an increased
length of stay and mortality with important related health
costs.* Within other factors, prevention of SSI may rely, when in-
dicated, on timely administration of selected antibiotic prophy-
laxis,> depending on the surgical type and the microbiological
species targeted. B-Beta-lactam antibiotics are the primary
class family recommended during elective surgeries.® They
target the main organisms causing SSIs: skin flora, including
Staphylococcus aureus (S. aureus) and coagulase-negative
staphylococci, in association with Gram-negative rods and en-
terococci in clean-contaminated procedures. First- and second-
generation cephalosporins are mostly recommended as they
represent a good compromise between antimicrobial spectrum,
cost, absence of adverse effects, selection of resistant species
and proof of efficacy. Therapeutic alternatives (mostly vancomy-
cin or clindamycin) are recommended for patients with reported
penicillin allergies. However, no strategies are available to decide
whether or not to switch to a beta-lactam alternative based on
the patient’s allergy history. Indeed, the 2013 clinical guidelines
on antimicrobial prophylaxis in surgery only recommended to
avoid cephalosporins in patient with IgE-mediated reaction and
severe cutaneous delayed reactions, without more details for
minor reactions, non-severe delayed reactions or unknown clinic-
al symptoms.”

Epidemiologic studies have reported a 10% rate of patients re-
porting a penicillin allergy.8~'° However, most of these patients
never benefited from an allergy work-up, and could be labelled
as allergic because of a childhood non-specific reaction or from
an unrelated reaction.** Penicillin allergy occurs in 7%-23% of
patients who have a history of penicillin allergy, depending on
age, delay after drug intake, severity of the reaction or recruit-
ment mode.'** Most epidemiological studies have reported a
20%-25% cephalosporin prescription rate in the operating
room for patients with a penicillin allergy label,**~*® which varies
from less than 10%"’ to 40%.'®'? Patients with a penicillin al-
lergy label have been reported to have a 50% increased risk of
SSL%° and an increased risk of infections related to methicillin-
resistant S. aureus and Clostridioides difficile.?°~%3

Early cephalosporin formulations were likely to be contami-
nated with penicillin, leading to estimates of B-lactam
cross-reactivity higher than 2%. Currently, p-lactam true cross-
reactivity is mostly predicted by shared R1 side chains,?* al-
though it could be more rarely based on the core B-lactam ring
or the R2 side chain. R1 side chains are displayed by all beta-

lactams, whereas only cephalosporins display the R2 chain at
carbon C3 (Figure 1). Identical R1 side chains pose the greatest
risk in patients with IgE-mediated or T-cell-dependent hypersen-
sitivity. Third- and fourth-generation cephalosporins and some
first- and second-generation cephalosporins (including cefazolin)
do not share a common R1 chain with penicillins.?®> As such, the
rate of allergy cross-reactivity between penicillins and cephalos-
porins s likely to be less than 1%,%+2673° with a 0.7% estimate ac-
cording to a recent meta-analysis.?

In 2019, an international group of experts published a flow
chart to promote cephalosporin prescription in these patients
while reducing the need for specialist allergist review.”® We
aimed to evaluate this decision tree in France. Unfortunately, it
did not seem applicable by non-experts in perioperative allergies
as it stands because of remaining caveat, such as the manage-
ment of low-risk reactions,”> and of the scarcity of allergists.
The expert consensus presented herein is the adaptation of the
decision tree using Delphi method. Its objective is not to remove
the penicillin allergy label but to support the use of cephalosporin
depending on the probability of a real penicillin allergy. The vali-
dated algorithm will be used in a stepped-wedge prospective
multicentre randomized study that aims to evaluate the feasibil-
ity and acceptability of a decision tree to promote the prescription
of first- and second-generation cephalosporins in the periopera-
tive setting among patients with a penicillin allergy label
(NCT06067919).

Materials and methods

Methods

Ethics approval for the PROPHYLAL study (Delphi method and patient in-
clusion) was obtained from the Comité de Protection des Personnes Ouest
V on 16 May 2023 (reference: 2023-A00664-41).

O/"‘OH

Penicillin Cephalosporin

Figure 1. Chemical structures of (a) penicillin and (b) cephalosporin. The
R1 side chain is indicated in plain circle, and R2 in dotted circle.
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The Delphi method is a well-known process for obtaining group con-
sensus in health care, as it encourages decision-making and new ideas
to be formed by whole group feedback.?? The method involves several
rounds of anonymous questionnaires. After each round, propositions
can be improved based on aggregated responses from the previous
round. It is widely accepted for achieving the convergence of opinions
concerning knowledge solicited from experts, and it has been adopted
for priority setting in medicine.>

Panellist recruitment

To ensure the broad input of professionals from different geographical
settings, a national panel of multidisciplinary experts was recruited, in-
cluding allergists, anaesthesiologists and intensive care physicians, infec-
tion control physicians and infectious disease specialists. All of them had
an expertise in antibiotic allergies and/or in healthcare-related infectious
diseases. In France, surgeons are not involved in antimicrobial steward-
ship and were thus not invited to participate. We created an e-mail invi-
tation template outlining the project and explaining the requirements of
prospective panellists, which allowed them to participate voluntarily. The
number of rounds was not defined a priori, as it was stated that it would
depend on the answers provided to each round. Anonymous demograph-
ic data, including age, gender, type of centre, years of professional experi-
ence and area, were gathered to determine the location of practice and
experience. Based on previous publications, 15-20 panellists were
targeted.

Delphi statements

The Delphi method was applied between January 2023 and June 2023.
Panellists were given 2 weeks for each round to answer each round.
Reminder e-mails were sent on Days 7 and 10 to the experts who had
not yet replied. The results were provided anonymously, with only the
medical specialty of the responder available. A 3-week interval between
rounds was used to summarize the data, design the updated decision
tree based on scores and comments provided by the panellists and
then program the next round.

Survey design and data collection

The questionnaires for the Delphi statement were distributed using a web
application developed by the clinical research department of Bichat
Hospital. All the documents were provided in French. For each intersection
in the decision tree, the experts were asked if they agreed with the prop-
osition and if the wording was sufficiently precise. The experts were also
asked if, in their opinion, the number of options after an intersection cov-
ered all the situations. The participants were asked to rate their agree-
ment with each question on a Likert scale ranging from 1 (strongly
disagree) to 9 (strongly agree).>* For each value equal to or less than 3,
the experts had to provide a comment to explain their opposition to
the proposal. Regardless of the score, an open text box for suggestions
or opinions was also available at the end of each question to gather sug-
gestions or opinions.

After full validation, an additional survey was provided to evaluate the
experts’ workload imposed by the Delphi method, their satisfaction with
their comments handling and their willingness to participate again.
Finally, they were asked if they believed that the decision tree improved
after the Delphi process and could be applied in the operating room by
anaesthesiologists.

Data analysis

The experts’ responses were collected anonymously. Overall consensus
for each statement was gathered according to the score number ob-
tained. A consensus was reached if more than 75% of the experts rated
the item within the highest region of the scale (>7 on the 9-point Likert

scale) and if less than 25% of the experts rated the item within the lowest
region of the scale (<3 on the 9-point Likert scale).

The median and interquartile range are presented, or the proportion is
presented when applicable. Statistical analyses were performed with R
software version 4.1.0 (R Foundation, Vienna, Austria).

Results

Among the 19 experts invited to participate, two declined be-
cause of scheduled conflicts, and one never answered either
the first or subsequent e-mails. The final panellist team com-
prised five anaesthesiologists and intensivists, four allergists,
four infection control physicians and three infectious disease spe-
cialists (Table 1). All 16 experts participated in rounds 1-4 and in
the additional survey. Four rounds were necessary to reach a glo-
bal consensus over a 5-month period. All experts’ answers were
weighted equally.

The first version of the tree distinguished four categories of the
index reaction: no symptoms, unknown, not compatible with an
allergic reaction and compatible with an allergic reaction. The ex-
perts disagreed with that classification and required a more de-
tailed classification. The decision tree was amended to consider
four situations based on the patient’s interrogation, and an
agreement was reached during the second round (Table 2). The
final categories were not compatible with a hypersensitivity reac-
tion (rate 9 [9-10]), unknown symptoms (rate 9 [8.75-10]), com-
patible with an acute hypersensitivity reaction (rate 9 [8.75-10])
and compatible with a delayed hypersensitivity reaction (rate 8.5
[8-10]). The second round also focused on strategies for patients
with unknown reactions and patients whose symptoms were
noncompatible with a hypersensitivity reaction. The third and
fourth rounds focused on dedicated strategies for patients with
symptoms compatible with an acute or a delayed hypersensitiv-
ity reaction. For patients with severe acute reactions, the experts
recommended referring the patient to an allergist and/or using

Table 1. Expert characteristics

Experts (n=16) Number
Gender female, n (%) 7 (43%)
Age, years 53 [43; 58]
University hospital, n (%) 15 (94%)
Years of experience, years 22 [14; 28]
Region, n (%)
Paris 6 (38%)
South-West 5(31%)
West 3 (19%)
South-East 1 (6%)
Centre 1 (6%)
Specialty, n (%)
Anaesthesia and intensive care 5 (31%)
Allergy 4 (25%)
Infection control 4 (25%)
Infectious diseases 3 (19%)

The results are presented as medians [interquartile ranges] or percen-
tages (absolute values).
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Table 2. Experts’ level of consensus on each item of the decision tree

Item Consensus
Index reaction
Not compatible with a hypersensitivity reaction 9 [9-10]
Unknown symptoms 9 [8.75-10]
Compatible with an acute hypersensitivity reaction 9 [8.75-10]
Compatible with a delayed hypersensitivity reaction 8.5 [8-10]

Index reaction not compatible with a hypersensitivity reaction

The experts recommend the administration of first- or 10 [9-10]
second-generation cephalosporin for surgical
antimicrobial prophylaxis.

Unknown symptoms

The experts recommend looking for any consultation 9 [8.75-10]
requirements following the index reaction.

If there was a consultation, the experts recommend 9 [8-10]
referring the patient to an allergist and/or using
non-beta-lactam alternatives to cephalosporin for
surgical antimicrobial prophylaxi.

If there was no consultation or if this is unknown, the 9 [9-10]

experts recommend the administration of first- or
second-generation cephalosporin for surgical
antimicrobial prophylaxis.

Index reaction compatible with an acute hypersensitivity reaction

The experts recommend evaluating the severity of the 9 [9-10]
reaction.

For patients with no severe acute reaction, the experts
recommend the administration of first- or
second-generation cephalosporin for surgical
antimicrobial prophylaxis.

For patients with severe acute reactions, the experts
recommend referring the patient to an allergist and/
or using non-beta-lactam alternatives to
cephalosporin for surgical antimicrobial prophylaxis.

Index reaction compatible with a delayed hypersensitivity reaction

9 [8.5-9.0]

9 [9-10]

For patients with severe delayed reactions, the experts 9 [9-10]
recommend referring the patient to an allergist and/
or using non-beta-lactam alternatives to
cephalosporin for surgical antimicrobial prophylaxis.

For patients with no severe delayed reaction, the 8 [6-8]

experts recommend to refer the patient to an allergist
and/or to use non-beta-lactams alternatives to
cephalosporin for surgical antimicrobial prophylaxis.
Direct cephalosporin administration can be
performed under specific conditions.

The results are presented as the median [interquartile range].

non-beta-lactam alternatives to cephalosporin (rate 9 [9-10]).
Otherwise, for acute hypersensitivity reactions with low-risk
symptoms, the experts recommended the administration of
cephalosporin (rate 9 [8.5-9.0]). For most patients with severe
delayed reactions, the experts recommended referring the pa-
tient to an allergist and/or using non-beta-lactam alternatives
to cephalosporin.

Only the first four categories distinction were initially the
subject of poor agreement, as was the handling of the low-risk

reactions (non-cutaneous symptoms and isolated cutaneous
symptoms). Experts provided comments and guidance to sug-
gest how the algorithm should be improved. These were used
to amend the algorithm, allowing a high agreement over the
next round.

Overall, the experts were satisfied with their participation, all
of whom considered a global improvement of the decision tree
over the rounds (ranking 9 [8-10]) (Figure 2).

Discussion

After four rounds and based on the initial algorithm published by
experts in perioperative allergies,*® strong agreement among
multidisciplinary experts was obtained for all items of the
adapted decision tree, which aims to promote cephalosporin pre-
scription based on the probability of a true penicillin allergy ac-
cording to the patient’s allergy history and given the low
cross-reactivity between penicillin and cephalosporin.®* The ex-
perts were confident that the final version of the decision tree
would be applicable by all anaesthesiologists in the operating
room (ranking 9 [8-9.25]).

In the perioperative setting, cephalosporins are often recom-
mended because they offer the best compromise in terms of
spectrum, site diffusion and cost. Sustaining their prescription is
crucial for decreasing SSI incidence. Since 2010, several strat-
egies have been developed to promote cephalosporins in the
perioperative context in patients with a penicillin allergy la-
bel.?#3°737 The first was skin testing in surgical wards prior to car-
diac,*®3? orthopaedic*® and general surgery.'® The second relied
on an allergy work-up before surgery,*! which is unfortunately
minimally feasible because of the scarcity of allergists in most
healthcare systems. Current CDC guidelines may also allow for
an oral challenge in some cases, and skin testing in others
(Cdc.gov/antibiotic-use/media/pdfs/penicillin-factsheet-508.pdf).
While skin testing is not performed by non-allergist physicians in
France, direct oral challenges using some tools such as the
PEN-FAST could be used, although the 10% false negative rate
might preclude some clinicians from using it routinely. The third
strategy was based on preoperative questionnaires and decision
trees that helped physicians with antibiotic prescriptions.*?*3 In
inpatient units, such a strategy led to an increase in the use
of cephalosporins,®3744%> without any major side events re-
ported.”**%*’ In the perioperative context, cephalosporin pre-
scriptions increased drastically with this strategy (all with
different algorithms used) from 40% to 80% in Canada,'® from
18% to 42% in Australia*® and from 15% to 91% in the USA.**

The application of the decision tree published in the BJA*® was
challenging to apply in France based on the extremely limited re-
sources available for drug allergy testing. Some situations were
not fully addressed, such as minor symptoms in accordance
with potential IgE-mediated reactions, or unknown symptoms.
The 2013 multi-society guidelines presented the same caveats
with poor details on how to classify patients with self-reported
allergies.*?

Patients with unknown symptoms are common in clinical
practice. The experts considered that the key question was the
necessity of a consultation related to this reaction, which would
suggest severe symptoms. According to the review published by
Shenoy et al.,*” patients are considered at low risk of developing
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Decision tree to promote first- and second-generation cephalosporins during perioperative antibiotic
prophylaxis in patients with a penicillin allergy label

The aim of this decision tree is to stratify the patients according to their risk level for true penicillin allergy. This decision
tree does not preclude the risk of a true cephalosporin allergy, which in most cases does not cross-react with penicillin.

Surgical procedure with a recommended antibiotic prophylaxis based on first- or second-
generation cephalosporins according to national recommendations

l

Patient with a penicillin allergy label, without confirmation by an allergy work-up

i

Index reaction

|
v ! v '

- No personal history. Family history Unknown¢

alone.

- Subsequent intake of the same

Compatible with an immediate
hypersensitivity reaction (less
than 6 hours after intake)

Compatible with a delayed
hypersensitivity reaction (more
than 6 hours after intake)

antibiotic, without difficulty
- Not compatible with an |
hypersensitivity reaction (thrush,

mycosis, or delayed isolated gastrointestinal
symptoms, such as flatulence or diarrhea)

- Subsequent intake of
cephaloporins, without difficulty

(since the index reaction)

Severity symptoms

Grade I: Generalized urticaria

Grade II-III: Multivisceral symptoms,
angioedema® , bronchospasm, haemodynamic or
respiratory impairment, severe digestive disorders
Grade IV: Cardio-respiratory arrest

\4 v v

Requirement of a consultation Severe Non severe

following the reaction Severe cutaneous <50% of skin
symptoms*, cytopenia, surface, without

hepatitis, nephritis systemic
involvement
v
NO Y

YES NO/Unknown ES
Allergy work- Non cutaneous symptoms
up required or Digestive disorders*, rhinitis,

. conjonctivitis, others
alternatives
Isolated cutaneous symptoms
use Erythema, maculopapular rash
No allergy work-up required v

No cephalosporin v

Authorization of  administration. Allergy work-  Allergy work-up
> cephalosporin up required. If not possible BUT

administration prior to surgery, use non- cephalosporins can
beta-lactam alternatives be used in precise
according to national circumstances”
recommendations.

+ The reaction is defined as unknown if no information is available for several reasons: the patient cannot describe it or cannot recall it; the reaction occurred
during childhood or adulthood, but was reported by a next-of-kin without details.

A Angioedema is defined as any oedema with a rapid evolution at the mucosal or submucosal level. The laryngeal localisation can be life-threatening.

# DIES (Drug-induced enterocolitis syndrome) is characterized by diarrhoea or vomiting, with acute or iterative onset, after drug oral intake. Differential
diagnosis with anaphylaxis has to be established. In this syndrome, the same medication can be taken through the parenteral route, but oral intake is strictly
forbidden.

* Severe cutaneous reactions include Stevens-Johnson syndrome, toxic epidermal necrolysis, drug reaction (or rash) with eosinophilia and systemic
symptoms, severe mucosal reactions, acute generalized exanthematous pustulosis, linear IgA bullous dermatosis, generalized bullous fixed drug eruption and
vascularitis.

¥ Cephalosporins administration is possible if the reaction occurred more than a year ago, with a less than a one-week duration and without systemic
involvement.

Figure 2. Final decision tree for promoting cephalosporin administration among patients with a penicillin allergy label.
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an allergic reaction to penicillin if they report an unknown reac-
tion without features suggestive of an IgE-mediated reaction.
As such, if no severe reaction occurred (i.e. no consultation re-
quired), experts considered the risk for a real penicillin allergy to
be low and, thus, the direct cephalosporin administration to be
safe (while still referring the patient for penicillin skin testing).

The classification of urticaria reactions is largely controversial,
as it has been classified as a high,”> moderate®’ or low?° risk of
true penicillin allergy. Shenoy et al.*” suggested that even if
most skin reactions are considered low risk, patients should be
considered moderate risk because the retrospective distinction
between urticaria and a benign rash might be challenging.
Here, experts have included urticaria with the severe clinical signs
group, excluding these patients from direct cephalosporin ad-
ministration. For immediate hypersensitivity reactions, all experts
confirmed that patients with cutaneous reactions without gener-
alized urticaria and no systemic symptoms were at low risk, as
were patients with minor symptoms (conjunctivitis, digestive dis-
orders or rhinitis), and could benefit from cephalosporin
administration.

The last category included patients with possible severe de-
layed reactions, precluding, in most cases, the use of cephalos-
porins without prior allergy evaluation. A mild maculopapular
exanthema is defined as any rash ‘that is not urticarial, involving
less than 50% of the body surface, without systemic involvement,
occurring more than 6 h after the drug intake, of less than 7-day
duration, and not requiring hospitalization or systemic treatment
other than antihistamines’.>! Romano et al.?” stratified these pa-
tients as low-risk, sustaining a direct cephalosporin administra-
tion, in accordance with the EAACL>' This last classification
might be the most difficult to apply for anaesthesiologists be-
cause of the major uncertainty during patients’ allergy interroga-
tion that they are not trained to perform.

Our study has several limitations. Participants from four differ-
ent specialist areas were invited to participate. Increasing the di-
versity and number of panellists could have been beneficial for
increasing the validity and avoiding persisting caveats in the de-
cision tree. However, we believe that the 16 experts invited could
cover almost all perspectives on this translational topic. Experts
were invited based on their research interests, but not randomly
selected, which could represent a potential bias. In France, peri-
operative antibiotic prophylaxis is only managed by anaesthe-
tists: surgeons and pharmacists are not involved in the
prescription and selection process. Prescriptions are based on na-
tional experts’ recommendations, which are updated every 10
years, based on the up-to-date literature. The final decision tree
could be applied in countries with high penicillin allergy rates.
For countries with lower rates, such as those in the Asia-Pacific re-
gion,>” a less conservative approach might be possible. As a gen-
eral perspective, the final decision tree strength relies on a
conservative approach, with almost all clinical situations covered.
This strength relates to a limitation: the complexity of the deci-
sion tree. Anaesthesiology evaluation often relies on patients’ in-
terrogation, but without as many details as during an allergy
consultation. One might be afraid that the decision tree will not
be applicable as it stands. However, the experts were confident
it would be. The algorithm was not tested prior to commencing
the PROPHYLAL study, as this would represent a methodology
caveat and was already planned in the study protocol. We are

confident that the ongoing prospective study PROPHYLAL will an-
swer all those questions.

Conclusion

This Delphi method resulted in an adapted decision tree to pro-
mote cephalosporin prescription for perioperative prophylaxis in
patients with a penicillin allergy label without a prior allergy work-
up. It offers additional patient classification compared to the pre-
vious decision tree. Antibiotic prophylaxis in allergic patients is
difficult to address, as this question covers several aspects of
medicine. The Delphi method applied here allowed expertise
from panellists with different perspectives, supporting its valid-
ation by several medical disciplines. According to the initial clinic-
al presentation, four major categories were defined based on 12
items: not suggestive of an allergic reaction, unknown, and com-
patible with animmediate or delayed allergic reaction. The evalu-
ation of this decision tree in the ongoing randomized PROPHYLAL
study will help to evaluate the applicability and feasibility of such
a strategy to increase cephalosporin prescription in patients with
a penicillin allergy label.
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